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ALCOHOLISM IN THE RURAL ENVIRONMENT1 

By 

Prorcssor G. SZULC, Wru:saw. 

Among the factors in'fiuencing the economic standards and the 
state of health of rural populations, the consumption of alcohol is 
by no means the least important. If the question of alcoholism is 
apt to receive less than its due share of attention in plans to improve 
the health standards of the countryside, this is doubtless owing to 
the complexity of the problem and to the tragic conflict between 
the economic and the health interests which are bound up with its 
production on the one hand and its consumption on the other. 

The matter is one of special interest to rural populations, for a 
very considerable portion of the produce grown is intended for the 
distillation of alcohol, and a fair number of farmers are equipped 
for this purpose. In many wine-growiPg districts, alcohol 
represents the one source of income on which the well~being of 
the population rests. In areas where the land is suitable for 
potato- and wheat-growing, some farms use the whole of their 
surplus crops for distillation. This enables them to employ a great 
deal of labour-and to make considerable profits, for alcohol is always 
readily saleable. Despite its high price, a really palatable alcohol 
always finds a market, and this is why, at a certain stage of their 
development, farm estates always tend to take up alcohol production 
as a means of securing their income. The consequence is an increase 
in this type of procluction to the detriment of that of agricultural 
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produce for direct consumption, which may indirectly a!Tect the 
price of the latter and thereby the standard of living. 

It is but natural that the public authorities should have turned 
their attention to the alcohol market, with its high turnover and its 
great possibilities as a source of Government revenue. In many 
countries, State intervention has been carried to the length of 
instituting a Government monopoly for the production and sale 
of alcoholic liquor. "Where such conditions prevail, not only the 
grower, manufacturer and dealer, but the Treasury as well is an 
interested party in the production. and· sale of alcohol. And so, 
whilst acknowledging the soundness of the case for prohibition, 
it is averse from taking the risk of looking for some other source of 
revenue capable of the same yield as liquor taxes. In the wine
growing countries in particular, the Government could not contem
plate promoting the transition to some other type of agricultural 
production with any real hope of its proving as lucrative as the wine 
grape. For such countries, wine is frequently the main export item 
which keeps their foreign trade exchanges going and stabilises 
their currency. In the wheat- and potato-growing countries, on 
the other hand, the situation is not so difficult ; nevertheless, if 
the sale of agricultural produce intended for the distillation of 
alcoholic liquor were not ensured in advance, it would lead to a 
substantial reduction in the output of such liquor, which might 
unbalance the budget and produce an agricultural crisis. 

The question of alcohol must therefore always be approached 
from the twofold standpoint of the producer and the consumer. It 
might be thought an easy matter to calculate alcohol consumption 
figures and watch their fluctuation. It is not. 

Even surveys limited to small groups and conducted by highly 
~ccurate ~ethods do not yield exact consumption figures, for, even 
m countries where the consumption of alcohol is high, the investi
gating officers find difficulty in eliciting the ·real facts and the 
information they are given is usually unreliable. Non~ the less, 
a~proximate though they be, the figures obtained point defi
rutely to the conclusion that the consumption of alcohol raises 
an e~tremely serious health, economic and social problem and 
that, so long as .this problem remains unsolved, there can be no 
pro~pect of an Improvement of standards of living in the rural 
enVIronment. 
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In order to obtain accurate information as to the present position 
in the various countries, an enquiry was carried out last year through 
the agency of the International Bureau against Alcoholism. Twelve 
countries sent in replies ; some of them supplied very precise details. 
This enquiry, which was based on a questionnaire, comprised thirteen 
main and five supplementary questions, as follows : 

111ain Questions. 
·1. Number of inhabitants. 
2. Percentage of the rural population. 
3. Per caput consumption of alcohol. 
4.. Quantity of alcohol consumed by the rural population. 
5. Are the interests of the rural population involved in 

any way in the production of alcoholic liquor ? 
6. What percentage of the total income of rural populations 

is derived from the production of alcoholic liquor ? 
7. Number of cases of illness or death attributable to alcohol. 
8. Number of offences or crimes committed under the 

influence of alcohol. 
9. Has the situation changed during the past few years, 

and if so, in relation to what factors ? 
10. Number of accidents of various kinds due to the 

consumption of alcohol. 
11. Did the economic position change when the consumption 

of alcohol was reduced or increased, and if so, in what way ? 
12. ·what means are applied by the public authorities and 

temperance societies in their campaign against alcohol, more 
especially in the rural areas ? 

13. · Number of public bars. 

Supplementary Questions. 

1. What approximately is the percentage of the total 
income of country dwellers which is laid out on : 

(i'J-) Alcoholic liquor ? (b) Tobacco ? 

2. Is alcoholic liquor given to children ? 
3. ·what are the traditional occasions, festivities, customs, etc. 

which furnish an opportunity for the consumption of alcohol ? 
4. Which category of rural inhabitants is most addicted to 

alcohol : farmers, agricultural labourers, artisans, etc. ? 
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5. Is the production of fruit beverages widespread in the 

country (sweet cider, verjuice, etc.) ? 

The above enquiry could not be expected to yield accurate figures 
of unimpeachable scientific value: Indeed, the figures cannot be so 
regarded, for they are intended only to be generally descriptive of 
the situation. None the less, quite definite conclusions can be drawn 
from the opinion of persons who are experienced in this field and can 

speak with authority. 

QuA..-rrrrrEs OF ALcoHOL coNSUMED BY THE RuRAL PoPULATIONS 

In all countries, the rural population is an important consumer of 
spirits and other alcoholic liquor. There is considerable difficulty 
in calculating what percentage of the total population it represents, 
for the very concept of "rural population" is difficult to define in a 
satisfactory manner. In the case of those countries which answered 
the questionnaire, the percentage varies between 15 (Denmark) and 
77 (Yugoslavia). Immediately after Yugoslavia comes Poland 
(74). The figures for the remaining countries are : · 

% % 
Latvia •.••••••.••......... 59.0 Finland .......•.....•..... 34.0 
Hungary .•.•.••...•....... 51.8 Germany •.....•••••....•.. 29.0 
France ..••.•.•..•...•.•... 48.8 Switzerland ....•.•......... 23.0 
Sweden ....••.•..•••...... 37.7 England and Wales ....•... 18.0 
Scotland •.••......•..•.. · .• 36.7 Denmark .....••.•.....•... 15.2 

Other things being equal, the countryman will undoubtedly drink 
no less alcohol than the townsman, but the impoverishment of the 
rural population consequent on the severe economic depression that 
has prevailed in the agricultural industry has led to a more marked 
reduction of alcoholic consumption in the country than in the town. 
Whilst precise figures as to the amount of this reduction are not 
obtainable, the consumption of alcohol in the rural environment can 
undoubtedly be estimated from the total figure for the country as 
a whole. In countries in which the latter is high, the proportion 
accounted for by the country districts is greater than in those 
with a lower all round annual per caput consumption. 

According to the data collected by the Central Statistical Office 
of Poland, the mean annual per caput consumption of the principal 
alcoholic beverages during 1932 to 1934 was as follows (compared 
with the years 1929 to 1932). 
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\Vine 1929- 11932- Deer 1929- 11932- Alcohol 1929-11932-
1932 1934 1932 1934 1932 1934 ----- ----------Lit res Lilrcs Lit res 

Franco .... 16G.9 176.4 Belgium ••• 210.5 182.1 France .... 2.75 2.M 
Italy ..... 89.8 84.3 England .. 68.7 71.9 Denmarlt •. 2.10 2.10 
Spain ..... 74.7 76.1 Switzerland 6·1.8 60.5 Belgium ..• 1.50 1.12 
Switzerland 43.8 41.9 Denmark 58.2 53.5 Holland ••. 1~25 1.07 
Hungary .• 35.2- 28.7 Germany .. 54.8 42.1 Switzerland 1.09 1.05 
Austria ... 21.0 15.8 Sweden ... 47.1 <11.7 Norway ... 1.11 1.00 
Belgium ... 4.9 3.4 Austria ... 71.2 38.5 Poland .... 1.23 0.77 
England .. 1.4 1.3 France .... 34.6 35.2 Germany .. 0.94 0.69 
Norway ... 1.6 1.2 Holland ... 26.9 19.'1 England .. (1.70 0.57 
Denmarlt .. 1.6 1.1 Norway ... 17.3 14.6 Italy ..... 0.'15 I 0.30 
Holland ... 1.7 1.0 Poland .... 7.'1 3.6 I 
Poland .... 0.1 0.0 5.2 1.9 

! I Hungary .. I 

The i"eplies to the enquiry hav~ confirmed these particulars, as will 
be seen from the following table : 

r Per caput consumption ol 
alcoholic liquor 

Population Rural 
Country (in population 

millions) 01 
/0 Pure . and . I j Cider I I 

alcohol Wme I r~uit I Deer Spirits 

--- . ---1~ -----

Germany ...... 79.4 29.0 4.1 7.3 
England ..•.... 40.8 18.0 1 4.9 1 

1937 
Scotland ....... 4.8 36.7 3.0 "I 
Denmark ...... 3.7 15.2 2.4 0.2' 
Finland ······· 3.8 34.0 1.4 OA 

France ........ 42.0 48.8 20 . ! 165.0'! 
117.0 1 

1932/33 
Hungary ······ 9.0 51.8 4.3 
Latvia ········ 2.0 59.0 4.5 
Poland ........ 35.0 7·1.0 1.2 
Sweden ..•.•... 6.3 37.7 3.5 

1930 
Switzerland .... 4.1 23.0 12.3 
Yugoslavia ...•• 15.'1 76.1 6.0 

' The rural populaUon Is not wholly agricultural. 
• In terms of pure alcohol. 
1 Figures given by tho Offlcc du vin. . 
' Figures given by the Ofllcc fiscal du Trc!sor. 

·11.9 
0.1 
0.1 
0.7 . 

·17.0 
27.4 

Litres 
? 156..1 3.1 
1 193.1 1.0 

I 
I 

? I 36.4 11.8 
0.1' 1.7' 0.4' 
? 5.7 27.6 

u.n 3•1. 2.6 

0.5 2.7 0.8 
-· 6.0 5.4 
1 3.6 1 
? 21.4 4.5 

' 40.0 64.0 6.0 
1 2.6 6.5 
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As might be expected, the great consuming countries are those 
which produce the largest quantities of alcoholic liquor and whose 
agricultural produce is intended for conversion into alcohol. Fore
most among these are the wine-growing countries. For instance, the 
consumption per head of 100° alcohol is 20 litres in France, 12.3litres 
in Switzerland and 6litres in Yugoslavia. Being itself a producer of 
alcoholic beverages, the rural population in these countries has 
greater facilities for consumption than the population of the towns. 
Hence there is reason to suppose that the consumption of the country 
districts is not merely not smaller, but is indeed greater than that 
of the towns. According toM. BASTIDE, of the International League 
again_st Alcoholism, 40% of the rural population in France distil 
alcohol for their private use. The 1934 statistics show that, out of a 
total number of 3,104,534 distillers, 3,102,440 are merely bouilleurs 
de cru (owners of stills operating with their own produce) who are 
entitled to put aside for their own use 10 litres of pure (palatable) 
alcohol tax-free. It may be assumed that this figure is frequently 
exceeded, and it is impossible to determine what quantity of alcohol 
is illegally produced and held. 

In France, 19% of the rural population are engaged in wine-growing, 
whilst, at the same time, ranking first as consumers of their own 
products. Cider is produced and stored more especially by the 
farmers of Britanny and Normandy. Except for aperitifs, spirits 
and fruit liqueurs are consumed in larger quantities in the country 
than in the towns. 

The Swiss Rural Office has published the results of its research on 
the agricultural returns for the years 1933/34 ; certain figures are 
given which indicate the level of consumption of alcohol in the 
countryside. These data, which have been obtained from· selected 
estates, are only of limited value : they have reference to private 
consumption. 

Annual per caput consumption 

Litres 
Cider •.•.•.•.•. ,, . • . • • • • • • . . . • . . . 153.4 
Wine ........................ :.. . 17.5 
Spirits . . • . . . . • . . . • . • • . • . • • • . . • • . • 2.5 

·Value 
(Swiss 
francs) 

26.70 
12.70 

4.90 

The author is moreover of the opinion that these figures cannot 
be taken as stand d · 1 . ar s, smce t te consumption of alcohol assumes 
many diverse forms. 
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The consumption also varies according to the size of the estate 
concerned. According to the data referred to above, it works out as 
follows: 

Size o! the estate Cider Wino Spirits 
(in hectares) (in lilres) 

3-5 ························· 107.8 37.5 1.8 
5-10 ......................... 137.6 17.2 2.1 

10-15 ························· 158.4 15.1 2.3 
15-30 ························· 170.9 1U 3.2 
Over 30 ...................... 160.2 18.5 3.2 

The great variability according to district is well illustrated by 
the figures supplied by the Federal Alcohol Department. They 
relate to the tax-free spirits kept by the producers for so-called 
" family" consumption during the period 1932/33. 

L!lres 
per estate 

Central Switzerland . . . . . • . . . . . • • . . . . . . . . . . . . . . . . . 25 
Lucerne . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . • . . . . 74 
Fribourg . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . • . • • . • . . 43 
Berne . . • . . • . • • . . • . . . . . . . • • . . . • . • . • • . • • • • • . • • . • • 25 
Zurich . . • . • . . • . . . . . . . . . . . . . . . . . . . . • . . • . • . . • . • . • . 16 
Ticino . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Since the Federal Monopoly is unable to exercise any really reliable 
supervision over the total amount of spirits kept by producers or 
over the uses to which it is put, the mean figures given above may 
be assumed not to represent the real facts of the case and to indicate 
rather less than the true amount involved. 

In Sweden, according to AXELMAN, the consumption of alcohol in 
the country is lower thim in the town, so far at least as wine, beer and 
spirits are concerned. The quantity of cider consumed, on the other 
hand, is higher. 

In Poland, the consumption of alcohol is lower in the rural than in 
the urban districts. Wine is practically a negligible quantity. The 
quantity of beer consumed is extremely small. The only real item is 
spirits, and even these are consumed in lesser quantities than in the 
towns. In actual fact, we have no precise figures, for no statistics 
of sales to the rural population are kept. There is reason to suppose, 
however, that they fluctuate between 0.2 and 1 litre of 100° ~alcohol, 
and, in the large cities, between 3 and 4 litres per head per. annum. 
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Considerable differ~nces are to be observed, moreover, according. 
to regions. Less alcohol is drunk in the easte.rn a.nd southern_ areas 
than in the western. The highest consumption IS recorded m the 
central voivodships, where we find . the two largest cities of. 
Poland-Warsaw and L6d.Z. The highest consumption of beer 
occurs in the southern voivodships and, after them, in the western 
districts bordering on Germany. 

Allowance should be made for a certain quantity of alcohol ob
tained either by illicit distilling or smuggled in from abroad, especially 
in the frontier districts. The poor population of the east sometimes 
drinl's denatured alcohol. The clandestine distillation of alcohol, 
which is'severely punisl1ed by Jaw, is only a minor factor in the 
general standard of health. Smuggling, on the other hand, despite 
the close supervision exercised on the frontiers, is still very wide
spread ; contraband is carried on not only with alcohol, but also with 
ether, which, in certain areas, is consumed in the same way as alcohol. 

ARE THE INTERESTS OF THE RURAL POPULATION INVOLVED 

IN ANY WAY IN THE PRODUCTION OF ALCOHOLIC LIQUOR ? 

It is clearly to the interest of the rural population to convert some 
part, or the whole, of its produce into alcoholic liquor, this being more 
profitable than the sale of the raw produce, and a market being 
assured. At the same time, the interests of the whole of the popu
lation are not involved in the same measure. In Switzerland, for 
instance, there are areas which a!Tord no opportunities for making 
extra profits in this manner, the soil being unsuitable for either 
fruit- or wine-growing, and distillation from potatoes and grain being 
prohibited. There are, on the other hand, areas in which more than 
10% of total gross income is derived from fruit-growing and the 
subsequent conversion of the fruit into cider or spirits. 

Taking Switzerland as a whole, the mean return from fruit repre
sents 7% of total gross income. It is difficult, however, to estimate 
both the quantity intended for direct consumption and that 
converted into alcoholic beverages. Finally, in certain wine-growing 
areas, the production of wine is the only revenue-yielding enterprise 
of the rural estates. In Switzerland, viticulture accounts, on the 
average, for 4%-5% of gross income. 
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Of 238,469 rural estates (1929 census) more than 200,000 possess 
orchards and 41,800 have vineyards. The number of estates of 
which more than 25% of the total cultivated area is under vines is 
6,128, including 2,466 in which the proportion exceeds 75%. 

In England and Wales, the interest which the rural population 
has at stake in the production of alcohol also varies according to 
districts. In Devonshire, I-Ierefordshire and Gloucestershire, as in 
certain other counties, the rural population produces cider for its 
own consumption and for sale. Hop-growing is an important 
industry in certain parts of Kent, in which there are large malt fac
tories, breweries and distilleries. The rural population also works in 
these eslablishments. 

In France, alcohol produced from fruit is subject to a very high 
tax (2,500 francs per hectolitre), the e!Tect being to induce farmers to 
produce alcohol for their own needs and to become, as already men
tioned, bouilleurs de cru. The wine and cider taxes are less heavy. 
The French farmer makes a large quantity of wine for his private 
use and for that of his labourers, who are supplied with wine in part 
payment of their work. 

According to the 1935 statistics, this production (139,103,000 
francs) represents more or less the only source of income of 1,658,000 
farmers. The production of cider, perry and especially spirits 
of various ldnds yields an important part of the revenue of the 
remainder of the population. 

For France as a whole, the total outlay for the purchase of alcoholic 
liquor amounts to 25,000 million francs. 

In Sweden, only the southern are~s are interested in alcohol 
production, for it is only there that the potatoes and barley suitable 
for the purpose are grown. 

In Latvia, the production of alcohol o!Ters very little prospect of 
advantage to the rural population. In 1936, the distilleries con
verted 68,475 tons of potatoes. The farmer receives on an average 
40 to 44 lats per ton. In addition to this, 4,036 tons of malt were 
sold to the breweries at about 200 lats a ton. 

In Poland, Government revenue reaches an annual total of about 
2,426 million zloty. Of this sum, the portion contributed by the 
Alcohol Monopoly amounts to 291 millions; in other words, one-eighth 
of the Government revenue is derived from the sale of alcoholic 
liquor. If account is also taken of the various intermediate sources 
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of income which this industry affords to the Treasury in a number 
of ways, it will be realised at once that the real importance of this 
branch of production in the national economy and in the budget is 
even greater. For the financial year Hl37f38, the total gross income 
from the sale of alcohol for consumption amounted to 383 million 
zloty. To tfiis there should be added a further sum of nearly 
2 millions representing the ta." yield from the alcohol supplied to 
manufacturers of spirituous liquor and the duty on imported alcohol. 
The operating costs of the Alcohol Monopoly for the same financial 
period having amounted to 151 million zloty, the difference repre
sents the net profit accruing to the Treasury, which is still further 
increased by the sale of alcohol for purposes other than consumption. 
It has, moreover, to be considered that the employment which is 
aiTorded to a certain number of employees and workers and the 
payments received by certain branches of industry furnishing 
essential supplies for the manufacture and sale of alcohol (bottles, 
corks, etc.) are among the many other obstacles which stand in the 
way of a transformation of this branch of production on lines more 
conformable to the requirements of public health. 

The situation presents itself in a still more serious light when 
another aspect of the consumption of alcoholic liquor is considered. 
Poland does not rank as one of the large beer-consuming countries·; 
yet, in 1937, 1,317,000 hectolitres were drunk there. The bulk of 
this was home produced, for imports are very small. This produc
tion represents 60 million zloty. The other alcoholic drinks, such 
as wine, fruit wines and mead, which play a much more important 
part in othe1 countries, are not a very large item in the Polish bud
?el; none the less, their value amounts to several million zloty. It 
IS gene~all! true to say that this type of production may be of 
economic Importance to countries which are not in a position to 
produce wine in large quantities. 

Moreover, all these branches of production give employment to a 
substantial number of employees and workers. The middleman and 
the re~er also provide work for large numbers. The following 
~able gives the relevant particulars for the distilleries and breweries 
m Poland. 
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Number of eslnblishments •......•........... 
Number of worl<ers ••........•.....••.•..... 
Number of employees ••...............•.••.. 
Aggregate annual payroll (in zloty) ••••.....• 

Agrleulturnl 
nnd 

induslrinl 
disUIIeries 

1,375 
2,915 
1,496 

4,501,000 

Breweries 
and malt 
factories 

166 
4,750 

921 
9,975,000 

11 

To these there should be added the persons employed by the State 
Alcohol Monopoly, who number 783 and whose pay totals 4,286,000 
zloty per annum. About 10,000 persons in all arc engaged in Poland 
in the manufacture of alcoholic liquor and receive annual wages 
totalling 20 million zloty. 

It is impossible to give precise statistical data on the number of 
persons working as middlemen and in the retail trade. The 6,038 
industrial licences issued to commercial undl'!rtakings in 1937 do 
not give an adequate idea of the number of employees of all kinds 
occupied in the handling of and the trade in alcoholic liquor. The 
number of workers occupied in this branch is, in any case, high; so 
much is certain, and any declaration of prohibition forbidding the 
production of and trade in alcoholic liquor would cfTect a serious 
disturbance in several departments of economic life. This disturb
ance would be particularly grave in the trade in agricultural pro
duce, especially potatoes, of which a large proportion is converted 
into alcohol. 

In 1937, the potato harvest yielded 402,210,000 quintals. The 
quantity supplied by small-holders (farms of less than 50 hectares) 
was 346,975,000 quintals. In 1936/37, 6,121,000 quintals of 
potatoes, or If% of the total harvest, were used for the manufac
ture of 77,782,000 litres of alcohol. This would admittedly be of. 
no great consequence if the marketing of potatoes were not difficult 
and if the price of agricultural produce were sufficiently high to 
yield an adequate income. That, however, is not always the case. 
In countries who1.e economic structure is agricultural, the price of the 
produce of the soil remains low and frequently falls below the cost 
of production. Wl1cn one portion is converted into alcohol and paid 
for at high rates, the general level of the farm income is raised, even 
though the proportion of the whole which is thus converted may be 
small. In practice, however, the distillation of alcohol from potatoes 
takes place more especially. on thc.large industrialised rural estates. 
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It may therefore be inferred that, in Poland, the small-holders 
(estates of less than 50 hectares) have but a limited economic 
inducement to produce alcohol. This is also true of beer. The 
advantage that may accrue to the agricultural labourer is also very 
small, since, as will appear from the figures quoted above, ?nly 
a tiny number find employment in the distilleries and breweries. 

It would be extremely useful if some idea could be gained of the 
illicit production of alcoholic liquor and of the share of the rural 
population in this. Obviously, the higher the tax on alcohol, the 
greater the inducement to evade the law, and the more frequent the 
attempts at illicit manufacture. Offences of this kind are, however, 
comparatively infrequent in non-wine-growing countries. In Poland, 
cases of consumption of denatured alcohol, previously freed from its 
unpalatable ingred.ients, are fairly frequent. The process involved 
does not eliminate the methyl alcohol, and poisoning causing 
blindness has sometimes occurred. Among 44 cases of blindness 
observed, Dr. R:osTKOWSKY 1 found 9 which were due to denatured 
alcohol. 

In the United Kingdom, according to WEEKS, the illicit production 
and sale of contraband alcohol is negligible, save indeed for small 
quantities fraudulently imported by travellers. During the period 
1936/37, a total quantity of 128 gallons (581 litres) of alcohol was 
confiscated. During the period 1932-1937, 68 cases of illicit distilla
tion were brought to light in England, 57 in Scotland and 400 in 
Northern Ireland. This gives a total of 525 cases, mostly concerned 
with the production of very small quantities. 

Quite obviously, a rural population will tend to engage in the 
manufacture of alcoholic liquor only in such measure as it can derive 
a profit therefrom. It is, however, scarcely possible to determine 
the. rate of profit with accuracy, for it depends upon the kind of 
agncultural production. 

I.n area~ in whlch the rural population is engaged in wine- and 
fru1t-growmg, the abolition of these forms of agricultural production 
would endange.r their vital interests ; where beer and alcoh~l are 
pro?uced, the mterests of the population are less involved, for the 
agricultural produce intended for conversion into alcohol is generally 

' Dr. RosTKOWSKY : "Contribution t . 
Poland " (Review of Trachomato/ogy 193~ tNhe Campmgn against Blindness In 

' ' o. 2). 
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grown upon large and better equipped estates and represents, 
moreover, but a small proportion of the total output. In such 
cases, the production of alcohol could be reduced without 
dangerously disturbing the living conditions of the rural population. 

NUMBER OF OFFENCES AND CRIMES COMMITIED 

UNDER THE INFLUENCE OF ALCOHOL 

In the light of the above considerations, it may therefore be 
concluded that the rural populations of all countries have ·some 
interest at stake in the manufacture of alcohol in conjunction with 
their agricultural production, and that the proportion whose interests 
are involved is in any case larger than among the urban populations. 
In the matter of consumption, the country-dwellers usually fall 
behind the town-dwellers ; only where the production of alcoholic 
liquor is carried on by small producers, who are entitled to reserve 
a portion of their output for themselves free of tax, does the rural 
consumption proba~ly stand higher than the urban. 

The countryman therefor~ spends less money on drink than the 
townsman. Even in countries in which the grower-producer 
consumes a large proportion of his own wine, he is less likely to 
involve hinself in ruinous expenditure than is the town-dweller. An 
exception must be made, however, in the cases in which the rural 
population is exploited by innkeepers who supply alcohol on credit 
and obtain payment in kind in the form of work. This relegates 
the agricultural labourer to a condition of dependence which is akin 
to slavery, for he can never, in practice, free himself fro~ his debt 
towards his creditor, and so frequently brings both himself and his 
family to ruin. 

The increase of criminality caused by alcohol is certainly one of 
its important ill eiTects. There can be no doubt that alcohol is the 
direct or indirect cause of a substantial number of oiTences. One 
class of oiTence, in particular, is closely connected with the consump
tion of alcohol. In periods during which the drink evil declines, 
the frequency of such oiTences is similarly diminished. The sub
joined statistical tables taken from C. C. WEEI<s's book, Alcohol and 
Human Life, may be taken as an example for England, Scotland and 
Wales. 
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SCOTLAND 

(per 100,000 population) 

Annual 
Class of oiienre ayerage 1932 1933 1934 1935 1936 

1910-1914 ----
Offences against 
the laws on 
alcoholic liquor : 
drunkenness and 
various distur-
bances •••••.•.. 870.0 243.0 240.0 251.4 268.2 291.8 

Disorderly conduct 1,007.0 349.4 367.0 388.7 390.6 408.1 
Cruelty to chil-
dren .•...••••.. H.3 4.1 5.0 5.4 6.3 5.9 

Indecent behaviour 
not induced by 
drink •.....•... 31.5 16.3 14.8 17.2 16.0 19.4 

Indecent behaviour 52.2 7.5 7.7 6.2 6.3 7.2 
Consumption or 
alcohol, in gallons 
per head .•..••. 1.29 0.329 0.308 0.341 0.344 0.360 

Beer, in gallons per 
head .........•. - 6.4 6.7 7.1 7.4 ·7.6 

Pure alcohol, in 
gallons per head • - O.fi 0.5 0.6 0.6 0.6 

ENGLAND AND WALES 

(per 100,000 population) 
Convictions for I 
drunkenness •.••. 332.2 72.1 49.7 49.1 48.2 46.5 Cruelty to chi!-
dren .....•..... 9.4 1.8 1.6 2.0 2.3 2.3 Indecent assaults 
(not accompanied 
by drunkenness) . 10.0 8.7. 8.7 9.2 9.0 9.7 Consumption or 
alcohol, in gallons 
per head .•..... 0.6 0.2 0.2 0.2 0.2 Beer, in gallons per 0.2 
head ·········· 32.5 16.4 17.2 Wine, In gallons 18.3 19.2 19.6 
per head ....... 0.25 0.3 0.3 0.3 Pure alcohol, in 0.3 0.4 
gallons per head . 0.8 0.9 0.9 1.0 1.0 
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The position in Sweden is much the same (Swedish Statistical 
Office) :1 

J1lcohol and Criminality in Sweden. 

Percentage Pcrccntngc Annual con-
Prisoners o£ crime Prisoners or crime sumplion of 

Years (male) duo to (female) due to alcohol per head 
dnml<en- drunken· of population 

ness ness (litres) 

1887-1897 •... 2·1,398 72.2 2,766 13.'1 4.9 (1886-1890) 
1898-1907 ..•. 28,267 71.6 2,559 18.0 -
1908-1917 .... 29,8,18 59.0 2,084 21.9 -
1918-1926 .... 27,086 35.7 1,734 20.5 2.9 (1923) 
1927-1935 .... 21,083 42.5 1,130 14.7 3.5 

Although it is difficult to draw th~ line of demarcation between 
offences committed in the country and in the town, the figures 
available nevertheless warrant certain conclusions. 

Criminal statistics for 46 districts in England and Willes during 
the year 1935 provide interesting data in this respect {WEEKs). 

(a) England (alone) : 

Male population : 18,331,600, including 2,901,360 (15%) 
belonging to the rural population. Of 4,191 cases of rape and 
sexual offences, 37% were committed in rural areas. Of 18,708 
cases of assault, 30% occurred in the country. Of 934 cases 
of ill-treatment of children, 30% are spread over the country 
districts. 

{b) Wales (alone) : 

Male population : 1,269,400, including 743,2,10 (59%) belong
ing to the rural population. Of 177 cases of rape and other 
sexual offences, "60% were committed in rural districts. Of 
7,27<1 cases of assault, 70% took place. in rural districts. 
Of 29 cases of ill-treatment of children, 70% occurred in the 
country. It should be pointed out, however, that, in the 
countryside, offences are more readily discovered than in the 
town. Moreover, a certain proportion are committed by 
mentally affiicted persons, of whom a greater number are at 
large in the countryside than in the towns. 

• Table quoled from WEEKS. 
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Drunkenness : Number of Convictions in 197m: · 

Total PertOO.OOO 
Males J'cmnlcs population 

-- ·-

England: 
703 (26) 10,998 (362) 5.12 

Rural distric!s •..•.. 10,295 (336) 

Urban districls 
32,021 (314) 13.0i +London ....... 26,281 (242) 5,740 (72) 

Wales: 
5.97 Rural distric!s ..... 1,061 (24) 40 (6) 1,101 (30) 

Urban distric!s ••... 380 (32) 25 (8) 405 (40) 8.75 

Total .... 44,525 (746) 

The figures in brackets indicate methyl-alcohol poisoning (esti
mated). As for the data for previous years, these show that the 
average proportion of convictions for drunkenness in rural districts 
as a whole is 16%, a lower figure than might have been expected, 
having regard to the conditions of the rural population. 

The data relative to Scotland are no less interesting. In 1936, the 
total number of offences and crimes was 128,889, the number of 
arrests for drunkenness and for offences or crimes committed under 
the influence of drink was 16,184, whilst arrests for a breabh of the 
peace totalled 20,269. There were 21 cases of criminal assault, 
32 cases of murder and 1,646 cases of assault and battery. All the 
breaches of the peace were, of course, not committed under the 
influence of drink. In Scotland, however, it is the practice not to 
discriminate between these various offences, so that alcohol may be 
assumed to have been a factor in 28.3% of all the offences recorded. 

Scotland has 41 towns of over 10,000 inhabitants, with a popula
tion of 2,847,901, or 58.8% of the total population. The remainder 
of the population (small towns and villages) totals 1,995,079, or 
41.2%. 

The total number of crimes, offences and petty offences was 88,405. 
40,494, or 45.6%, were committed by the populations of small 
towns and villages. 

Arrests for drunkenness numbered 29,170 for the population as a 
whole, and 7,263, or 24.7%, for the small towns and villages. 

In the case of Denmark, the figures are more favourable to the 
rura~ population. In 1935, the number of ariests made for offences 
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or crimes com~1tt~d under the influence of drink were as follows : 

At Copenhagen and Frcderil<sborg .•... ; • • • • • • • • • • 6,188 
In Lite rural dislricls • . . . . . . . . .. . • • • • .. .. .. .. • • • .. 66·1 

In Finland, the number of oliences committed under the influence 
of alcohol is slightly larger in the country than in the towns-i.e., 
3,943 as against 2,9116. Unfortunately, the year to which the 
figures relate is not stated. 

In France, in the course of 1933, 1,202 delinquents, includiiJg 
147 minors, were convicted before the courts. The oliences in 
question are, of course, only those connected with the abuse of 
alcohol. 480 persons were condemned for (voluntary) homicide
committed under the influence of drink in 78 cases-whilst 898 were 
sentenced for blows and wounds (158 of the olicnders being in a state 
of inebriation) and 35<1 for theft, arson and breach of trust (37 .of 
these oliences being committed under the influence of alcohol). 

The correctional tribunals condemned 222,090 delinquents, of 
whom 20,577 were under age. Of these young people, 80% were 
probably children of alcoholic parents. Of the olienders in question, 
8,877 were condemned for delinquencies or crimes committed under 
the influence of drink, and 5,875 for miscellaneous oliences and 
drunkenness. The record for these oliences is held by the Depart
ment of Finistere, which had 5,875 charges of drunkenness brought 
by the police. 

In Hungary, in 1938, there were recorded 53,402 oJTences and 
crimes probably connected with excessive consumption of alcohol. 
67.8% of the oliences took place at Budapest, and the remainder are 
spread over the whole population, which is mainly rural. 

The data concerning the mainly agricultural countries are particu
larly interesting. It is among these that Latvia should undoubtedly 
be classified. In 1937, 444 persons were sentenced for various 
crimes and ofiences committed whilst in a state of inebriation, 37 of 
them being charged with murder. In addition, 15,551 charges were 
made in respect of various oliences connected with the abuse of 
alcohol, 13,807 relating to drunkenness, 1,253 to the illicit trade In 
alcoholic liquor and 491 to the unlawful manufacture and sale of 
alcohol. Unfortunately, no details are available to show what 
proportion of these oliences were committed by the rural population. 

In Poland, no data are available which would make it possible to 
2 
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judge how far alcohol helps to increase the ~umber of ?n:ences,and 
crimes in the rural environment. The abndged Slalzstzcal lear
Book, 1938, gives the following figures for offences likely to be 
connected with alcoholism : 

Obstructing the police .••....... 
Blows and wounds •...••........ 
Drunkenness •.....•............ 
Disturbance or the peace ....•..• 

1935 

6,003 
17,215 
61,980 

107,3<1-1 

1936 

5,616 
19.531 
69,266 

120,326 

1937 

5,300 
18,416 
72,<188 

124,651 

From these figures it will appear that, save for" obstructing the 
police", there is a tendency for all these offences to increase in 
number, which is proof of the growing danger of alcoholism. 

It should be mentioned that the majority of the offences were 
committed in the towns and, to be more precise, in the two great 
industrial centres of Warsaw and Lodz. A similar tendency is 
observable, however, in rural areas. Day-by-day experience lihows, 
moreover, that the village inn is frequently the source of various 
kinds of offence, especially blows and wounds-indeed, even murder 
-and that these occur more especially before and during high days 
and holidays, which rarely pass ofT without quarrels and violence. 
The growth in the number of offences is connected, in the ftrst place, 
with the improvement of wage levels in town and country alike. 
When agricultural produce is selling well, the consumption of alcohol 
tends to increase in the countryside, leading to excesses which are 
reflected in an increased incidence of crime and disease. 

Among the offences which occur as a result of the abuse of alcohol, 
reference may ~e made to road traffic accidents. This is a matter 
which concerns, more especially, the towns, for motor-cars are less 
numerous in the country. It is not proposed, therefore, to go into it 
here, although it is of major importance. In any case, it has been 
discussed with great thoroughness in the above-quoted book of 
Dr. WEEKS. 

NmtBER OF CAsEs OF DEATH OR DISEASE 

ATTRIBUTABLE TO ALCOHOL 

It. does not see~ th~t any. useful purpose would be served by 
quotmg all the pubhcabons whtch deal with the relationship between 
the use of alcohol and morb"d"t d . 

1 1 Y an mortality rates, especially since 
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we are only concerned here with the question whether the frequency 
of sickness attributable to the use of alcohol is greater in the country 
or in the town. Accurate data on this point would enable useful 
conclusions to be drawn as to the frequency of alcoholism in the rural 
districts. 

Under present circumstances, the way to obtain accurate indica
tions as to the damage done by alcoholism will be to determine the 
frequency of those cases of disease and death which can be ascribed 
beyond doubt to the use of alcohol, more especially cirrhosis of the 
liver, chronic alcoholism and nephritis. 

For England and Wales, the following details are available as to 
deaths occurring during 1932 to 1936: 

Total deaths Cirrhosis or the liver Nephritis 
Ycnr ----------. 

Males Fcmnlcs illnles Females illales Females 
-- --- ----

1932 .•..•.... 2·15,715 238,414 946 505 8,298 8,018 
1933 ......... 250,625 245,840 817 42•1 7,687 7,786 
1934 .•......• 2·12,855 233,955 872 476 7,894 7,717 
1935 •.•...... 243,•158 233,943 898 430 8,059 7,995 
1930 ......... 253,319 242,445 851 414 7,952 7,771 
1937 .......•. 200,057 249,517 792 441 7,593 7,472 

For the rural districts outside London, the corresponding details 
are as follows : 

Total deaths 
Year 

Cirrhosis or the liver Nephritis 

Males Females Males Females illnles Females ----
1932 ...•....• 48,216 46,203 180 81 1,723 1,505 
1933 ......... 47,386 45,493 102 69 1,500 1,44•1 
1934 .......•. 45,790 43,204 150 79 1,019 1,417 
1935 ......... 44,982 42,280 175 03 1,553 1,458 
1930 •.•...... 46,418 42,902 101 08 1,501 1,445 
1937 ......... 40,010 43,461 131 58 1,510 1,340 

In Scotland, during 1936, 32 out of 661749 deaths were caused by 
chronic alcoholism and 176 by cirrhosis of the liver. 

In Denmark, in 1937, 71 deaths from alcoholism were reported, 
including 17 in Copenhagen, 41 in other towns and 13 in rural districts. 

It would be difficult to draw conclusions from the cases of delirium 
tremens recorded in Danish statistics. Of 28 cases registered in 
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1935, 8 occurred in Copenhagen, 11 in other towns and 9 in the 
rural districts. 

In the case of Poland, it has been impossible to obtain similar 
data. It is believed, however, that the urban population is more 
seriously affected by the abuse of alcoliol than the rural population. 

HAS THE SITUATION CHANGED DURING THE PAST FEW YEARS 

AND, IF SO, IN RELATION TO \VHAT FACTORS? 

This is a question of fundamental importance to public health. 
The interrelation of the factors affecting public health will obviously 
differ according to whether the danger is increasing or abating. For 
purposes of public health policy, it is moreover important not only to 
know the consequences entailed by a greater or lesser consumption 
of alcohol but, in addition, to analyse the causes of observable 
variations in this field. 

It may be presumed that an excessive use of alcohol is closely 
bound up with the economic situation of the population. The 
well-to-do classes drink more alcohol than the poorer classes. The 
econo.mic depression has exerted a quite definite influence on the 
quantity of alcohol consumed, and it will be readily understandable, 
therefore, that when the agricultural produce market is weak, the 
consumption of the rural population stands at a lower level than at 
times when sales are easy, as durin~ the period immediately following 
the great war. The improvement of market conditions for agricul
tural produce brings about a recrudescence of the consumption of 
alcohol in the countryside. Similarly, the urban population, which 
generally earns more money than the rural, spends more on drink. 

Owing to the lack of adequate data, it is unfortunately impossible 
to say for certain whether the slow but steady improvement of the 
agricultural produce market which has been taking place latterly is 
leading to the consumption of more alcohol. 

In Germany, the increase in the consumption of alcohol appears 
to have run parallel to that of the national income. The latter 
amounted, in 1932, to 56,800 million Reichsmarks and in 1937 to 
76,300 millions. According to T. GLA.s, the quanti~ of spi~its 
c?nsumed in 1931/32 was 397,000 hectolitres, whilst, in in37, it had 
flSen to 769,000 hectolitres, or nearly double the amount. The 
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expenditure involved totalled from 3 to •! thousand million Reichs
marks, or about 7% of the national income.l 

In England, Wales and Scotland, consumption, which had fallen 
considerably between 1913 and 1932, has been rising sharply since 
that period, this development appearing to be connected with a 
reduction of unemployment and an improvement in the standard 
of living. The fall in the price of beer and the advertisement 
campaign of the brewery firms have also tended to increase the 
consumption of alcohol. 

In the opinion of Dr. WEEKS, the relaxation of moral standards 
and the weakening of the sense of responsibility due to the great war, 
the slackening of the work of the temperance societies, and the 
further circumstance that the interest of the Christian churches has 
been concentrated 011 the question of peace, for instance, rather than 
011 the campaign against alcohol, have also contributed to the increase 
in the consumption of alcoholic liquor .... The subjoined table shows 
the obvious connection between such consumption and the improve
ment in standard of living and income. 

Consumption of Alcolrolic Liquor in Relation to Economic Status. 

1913 1932 1933 1934 1935 1936 1937 -- -------------
Beer, per head, in gallons 31.3 16A 17.2 18.3 19.2 19.6 20.5 
Spirits, per head, in 

gallons •....•...... 0.6 0.2 0.2 0.2 0.2 0.2 0.2 
Cost of maintenance 

(1914 = 100) ..••... - 143.4 139.6 141.2 142.8 1·16.9 154.5 
Cost of maintenance 

(1924 = 100) ....••. - 82 79.8 80.7 81.6 84 88.3 
Rate of wages (1924 = 

100) ..........••.•. - 95 9•1 9•1 95 98 1 0 
Number of unemployed 

registered in the last 
quarter of each year 
(OOO's omitted) ..... - 2,843 2,397 2,115 1,960 1,630 1,376 

SouncE : Ministry of Labour Gazette, August 1938. 

• T. GLA:s, Forsclrung z. Alkolrolfrage, 1937, page 45. 
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In Scotland, the per caput consumption of alcohol amounted, in 
1920, to 0.91 gallon, and fell sharply to 0.31 gallon in 1933. Since 
then, it has been increasing steadily and reached 0.38 gallon in 
1937. 

The fall in consumption observable during the period 1920-1933 
is attributed to the gradual depression through which industry 
passed, whilst the increase during the years 1934-1937 would appear 
to be due in part to intproved economic conditions, and probably 
also to the intense advertisement campaign conducted by the liquor 
trade. 

In the past few years, the consumption of alcohol has been increas
ing in Denmark, Finland, France, Hungary, Latvia, Switzerland 
and Poland. A decrease is recorded in Sweden and Yugoslavia. 

In France, the rise in the consumption of wine has been due, in the 
opinion of l\1. BASTIDE, to the propaganda carried out by the Office 
du Vin with the support of-the public authorities. As for the con
sumption of spirits, this has increased in the rural population as a 
result of the Decree of 1935 which did away with the supervision 
in situ of the operations of private still owners and substituted a 
so-called " Offsetting Tax", which appears to have produced 
deplorable results. 

Furthermore, the Parliamentar)' Decree of 1933 authorised 
the opening of 2,000 new sales premises. Inns have thus been 
established in localities where none previously existed. 

The production of aperitifs has doubled during the past few years, 
according to the statements of the wholesale dealers and the proceed
ings of the general meetings of shareholders of the alcoholic liquor 
manufacturing concerns. The profits of the latter have increased 
in startling fashion.l 

Imports of aniseed, which is one of the ingredients of most aperitifs 
have now reached twice the 1924 figure. ' 

~urthermore, Dr. LOGRE, the medical officer in charge of the special 
Police Prefecture Infirmary-who is quoted by M. BASTIDE-has 
found tha~ the number of cases of delirium tremens has practically 
doubled smce the application of the recent social I 

A d' t M B aws. 
f ~co~ ;?g 

0 
• ASTIDE, the main callse of the appalling increase 

o co o ISm among the working classes is precisely the bringing 

' See BASTIDE • "Les 
. quarante heures et l'alcool" • L' Etoile Bleue, October l938, 
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into operation of these social laws. Hours of work having been 
greatly reduced, the worker has more time to spend in public houses 
and cafes, the days and hours of opening of which are subject to no 
restriction. Moreover, increased wages enable many workers to 
indulge their propensity for alcohol more freely. 

One interesting fact, which was noted in Hungary, is the reduction 
of the consumption of beer following an increase in that of wine. 

During 1929 /30, the total quantity of wine consumed was 2,066, 799 
hectolitres, or 2'1.25 litres per head. In 1936/37, it was 3,750,198 
hectolitres, or 41.91litres per head. There was, hence, an increase 
of 74%. 

For beer, on the other hand, the figures are as follows: in 1929/30, 
a total of 572,713 hectolitres, or 6.72litres per head; in 1936/37, a 
total of 240,766 hectolitres, or 2.68 litres per head. Consumption 
thus fell by 60.12%. 

Statistics for Latvia supplied by M. Hermanis AsARIS, President 
of the Latvijas Pretalkohola Biedziba, show that the increase in the 
consumption of alcohol proceeds pari passu with the improvement 
of the general economic conditions. 

For this country, the consumption of alcohol was : 

Lit res Lltrcs 
per 

head 
per 

head 

1928 ................ 4.13 1933 ................ 3.87 
1929 ................ 3.87 1934 ................ 3.98 
1930 ················ 3.30 1935 ................ 4.19 
1931 ................ 2.70 1936 ................ 4.•15 
1932 ................ 2.85 

The period 1931-1933 .was that of economic depression. An 
improvement took place in 1933, which led to an increase in the 
consumption of alcohol. 

In the case of beer, there has been a fairly sharp increase, as will 
be seen from the following figures : 

Hectolltres Hcctolitres 

1928 ············· 99,859 1933 ············· 59,792 
1929 ············· 95,355 193•1 ············· 75,503 
1930 ············· 92,497 1935 ............. 79,980 

1931 ············· 73,641 1936 ············· 83,160 
1932 ············· 53,739 1937 ............. 117,900 
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In Poland, an increase in the consumption of alcohol also super
vened upon improved economic conditions. It appears from the 
subjoined figures that ·this increase is, comparatively speaking, 
larger in the voivodships in which the population is mainly rural 
than in the large cities. 

Sale of Alcohol by the Polish State. Alcohol M.onopoly. 

Pcrccn-
tngc 

lncrensc 
1933/34 1934/35 1935/36 1936/37 front 

1933/34 
to 

1936/37 -------------- -
' 

Consumption of alcohol : Thousands or litrcs 

Total for whole country ...• 25,820 26,071 31,574 36,3<16 40 

Distribution : 
City of Warsaw .......... 4,126 4,014 4,884 5,255 27 
Voivodship of l.6dt ...•.•. 3,331 3,304 4,008 4,424 33 .. , Wilno ...... 835 793 1,062 1,255 50 .. , Polesla . .... 474 •166 597 745 57 .. , Pomerelia .•. 1,233 1,303 1,567 1,710 38 .. , Cracow ..•.• 1,700 1,857 2,123 2,475 45 .. , Poznan •.... 2,167 2,121 2,359 2,535 17 .. , Nowogr6dek . 541 590 832 1,085 100 

The consumption of the typical rural voivodships of Vilna, Polesia 
and Nowogr6dek shows an increase of 50 to 100%, whereas in the 
large towns and in the voivodships with many urban centres, it 
amounted only to 17 to 45%. 

In Switzerland, the economic depression has caused a reduction 
in the consumption of alcohol. Only that of cider is increasing as 
compared with pre-war years. 

Period Period 
1910-1912 1930-1932 

Wine 
Litres Litres 

••• 

0 

•••••••• 
0 
•••••• 0 • 0 •••• 0 • 2,500,000 1,900,000 

~~::r· · · · " · · · · " · · · · " · · · · · · · · " · 2,900,000 2,600,000 
Spirits.. . • . . . . . • . . . • . .. . . .. . . • . . . . 1,000,000 1,600,000 

. ... . . . . . . . . . .. . . . . . • • . • . . . . 230,000 250 000 

The co~parativ_ely small increase in the consumptio~ of spirits. 
~akes an unpress!On of unreality, since the population figure has 
mcreased from 3,625,000 in 1910 to 4 066 400 in 1930 It b 
assumed that as a ult f 1 ' ' · may e 

' res 0 t le new policy concerning the sale of 
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alcohol, consumption decreased again during the following years. 
Since 1932, the cost of alcoholic liquor has increased by 50 to 100%, 
and this has exerted a decisive influence on consumption. The eco
nomic depression can only have still further increased the elTect 
produced. 

It may be taken, however, that an improvement of economic 
conditions will also be reflected in increased consumption of alcoholic 
liquor, as has occurred in other countries. 

In Yugoslavia, compared with pre-war years, the consumption of 
all alcoholic drinks shows a marked reduction, which appears to 
have been caused by a fall in production. In certain social circles, 
however, there has been an increase of consumption, which is believed 
to have been caused by the obstacles placed in the way of the export 
of wine and spirits and the increase of the wine tax. This limitation 
of production and consumption has, in any case, only a very slight 
bearing upon the welfare of the rural population, since the number 
of persons who earn their livelihood by the production of wine does 
not exceed 500,000. 

NU~IBER OF ESTABLISHMENTS SELLING ALcOHOL 

IN THE TOWNS AND IN THE COUNTRY 

The propaganda which is carried out in favour of the consumption 
of alcoholic liquor has beyond doubt been powerfully assisted by the 
large number of commercial establishments engaged in the sale of 
alcohol. The number of inns in relation to the number of inhabi
tants may alTer a means of comparison enabling the extent of the 
danger to be gauged for a whole country or a particular area. Unfor
tunately, on this point, the replies to the questionnaire fail to supply 
sufficiently accurate information to enable the extent of the danger 
to the rural population to be properly assessed. 

In Germany, the ratio is I: 272-that is to say, 36.9 establishments 
per 10,000 inhabitants. 

In England and Wales, taken together, there. were, at the end of 
1936, 74,681 licences for sale for consumption on the premises 
(" on "licences)-i.e., 18.29 per 10,000 inhabitants-2<!,094licences 
for the sale of alcohol to be carried away~· olT" licences)-i:e., 5.41 
per 10,000 inhabitants-and 16,297 licences held by registered 
clubs-i.e., 3.99 per 10,000 inhabitants. The proportion in areas 
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including large towns, counting both " on " and "ofT " licences, 
was 25.78 per 10,000 inhabitants, and in areas not including any 
large towns, 23.70. 

These figures do not point to any marked difference in the position 
between town and country. 

The situation is similar is Scotland. 
In Finland, the number of places for the sale of alcohol is : 

(a) For the whole country, 1 per 5,400, or 1.85 per 10,000 
inhabitants ; 

(b) For towns, 1 per 1,000, or 10 per 10,000 inhabitants; 
(c) For country districts, 1 per 40,000, or 0.25 per 10,000 

inhabitants. 

In France, the situation is quite diiTerent. According to official 
statistics for 1934, there were at that time throughout the country 
498,833 premises for the sale of alcohol, not including 29,381 wholesale 
establishments. The proportion is, therefore, 1 per 80 inhabitants, 
or 123 per 10,000. The proportion varies, however, as between the 
diiTerent departments. Thus the Seine Department, with a popu
lation of 4,962,967 inbabitants, has 49,139 inns, or 1 for every 
109 inl1abitants. The Nord Department, with a population of 
2,022,167, has 41,027 premises for the sale of alcohol-i.e., 1 for 
every 38 inhabitants, or 263 per 10,000. In those departments 
where the number of inns is relatively small, tbe number of home 
distillers of spirits is greater-e.g., 91,243 in the Department of 
Ille-et-Vilaine. 

M. S. BASTIDE quotes the opinion of doctors in tbe last-mentioned 
department, who, in a joint declaration, state that ". . . alcohol 
is to-day as essential in the eyes of the peasants as kitchen salt. 
It is the whirlwind which is destroying the race." 

In Latvia, the position was the following at December 31st, 1937: 

Town Country Total 
Premises holding " ofT '' licences .... 480 466 946 
Premises holding " on." licences ..... 370 209 579 
Restaurants licensed to sell wines and 

beer ................................ 118 121 239 
Other premises licensed to sell wines 

and beer ······················· 114 603 7li 

Total ·················· 1,082 1,399 2,481 
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Population at end of 1937 •.•....•.• 
Number of inhabitants per licence ... 
Number of licences per 10,000 inhabi-

tants ........•.........••...... 

Town 

711,129 
658 

15.2 

Country 

1,259,938 
900 

11.2 

Total 

1,971,661 
795 

12.6 

As regards Poland, some idea of the number of places for the sale 
of alcohol may be gained from the total of licences granted during 
1937. The central voivodships, which include the two largest 
towns, and the western voivodships, have the largest number of 
places of sale.· The poorer voivodships, covering country districts 
to the east and south, show a much lower proportion. 

Polancl: lncluslria/ Licenres gran/eel to Commercial Eslab/islrmwls in 1937 
(Smaller S/ati.•lical Annual for 1938). 

Beer .......•.•.....•.... 
Alcoholic beverages ...... 

Total ..•............ 

Number of licences per 
10,000 inhabitants ..... 

Centre 

448 
2,036 

2,•184 

1.8 

F.nst 

189 
759 

948 

1.7 

Voivodships 
West South Total 

550 532 1,719 
852 672 4,319 

1,•102 1,204 6,038 

3.14 1.46 1.9 

In Sweden, the total number of licences for the sale of spirits and 
wines amounted, in 1936, to 1,854, of which 1,599 were in the hands 
of the " system " companies operating in Sweden and 255 in the 
hands of private individuals. There were, at that time, 121 " sys
tem " companies, 97 operating in towns, 20 in densely inhabited 
areas, and only 4 in country districts. On July 1st, 1934, there were 
8,977 premises licensed to sell alcohol and beer, of which only 2,008 
in country areas. 

Switzerland has approximately one inn for every 770 inhabi
tants. There is no basis upon which to discriminate between town · 
and country. 

Generally spealdng, it can be stated that the number of premises 
for the sale of alcohol is lower in countries of an agricultural character 
than in the industrial countries. The worst situation is found in 
those countries which are themselves producers of wine ; here, the 
figures reach alarming proportions. 
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l\IEANS FOR PREVENTING AND PUITING DOWN THE CONSUMPTION 

OF ALCOHOL IN RURAL AREAS 

The importance of measures for combating addiction to alcohol in 
rural areas cannot be overlooked; they are a pre-requisite both of the 
improvement of the economic position of the populations concerned, 
and of any effort to arrest the process of degeneration and utter 
ruination. The enquiry carried out has not led to the discovery of 
any particular method specially adapted to the rural environment 
and differing ·from those applied more generally elsewhere. In some 
countries, the communes have power to limit, or even prohibit 
altogether, the sale of alcohol once a vote in this sense has been taken. 
This method, however, seldom meets with complete success, and the 
action so far taken is in most cases confined to various forms of 
propaganda by the temperance societies. Their propaganda meets 
with serious opposition on the part of the industries and undertakings 
interested in alcoholic beverages, who all advertise their products 
widely. A railway journey in France, Belgium or Switzerland will 
enable the traveller to see from the carriage window that the most 
numerous and most prominent advertisements are those for wines, 
brandy and tobacco. Not only the popular daily newspapers, but 
even medical journals are used for the same purpose, while both the 
wireless and the cinema derive considerable financial resources from 
advertisements for the liquor trade. 

One of the most serious difficulties met with in the struggle against 
addiction to alcohol lies in the ambiguous position adopted by the 
medical profession. 

~1any medical treatises maintain that alcohol is a source of energy 
which can be substituted for carbohydrates and fats and used in a 
variety of cases, as a remedy. Those statements, bas~less as' they 
are, never:heless create uncertainty in the mind of young doctors 
who ~av~ Just completed their university studies and who begin to 
practi~e m to":'n or country without knowing precisely whether the 
~am~a1gn against alcoholism, and against alcohol itself, is fully 
JUstifiable from a scientific standpoint. Such being the circum
stance~, doctors do not assist the campaign against alcohol to any 
apprec1able extent, and in certain cases even discredit it. 
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The belief that alcoholic beverages are of nutritive and medical 
value provides one of the reasons for their growing use. It is the 
duty of the doctor to take the lead in counteracting that belief and 
the view that alcohol taken in small quantities does good to the 
organism and cannot be detrimental. 

These erroneous views are more frequently met with in country 
areas than in towns, owing to the conservative character of rural 
opinion, which still clings to medical views long since discredited 
among urban populations. Notions of the merits of alcohol current 
a hundred years ago were very diiTerent from those obtaining to-day. 
It will be sufficient to recall that in almost every army spirits were 
issued to the soldiers as part of their normal ration. !v!ost cases of 
illness were treated with doses of alcohol given as medicine. To
day, urban populations look upon such practices as wholly obsolete, 
but in many countries it is quite normal to find country-dwellers still 
convinced, as they were a century ago, that alcohol possesses some 
nutritive virtue. One of the most serious consequences of that 
ignorant belief is the practice of giving alcohol to children-a practice 
which is seldom met with in towns, but is still frequent in the coun
try, where even small children are given their share of strong drink 
on the occasion of family celebrations. It is even quite frequent to 
find mothers giving infants a lwnp of sugar soaked in spirits, 
especially if the infant is restless and wakeful. 

The surest means of combating this attitude is to provide a 
thorough medical and health organisation in rural areas. Doctors, 
nurses and midwives can, provided they are convinced of the nee"d 
for such action, contribute powerfully to the removal of this evil. 
Hence, the fullest attention should be given to the problem of 
alcoholism in their courses of study. 

Space does not allow of consideration of the important psycholo
gical and physiological problems inherent in the question of alcohol 
as an adjunct to relaxation or corollary to recreation. Unfortu
nately, it provides a ready means of satisfying the need for relief 
from serious work. Here, again, the phenomenon is more apparent 
in the country than in towns, since recreations of whatever type are, 
in the former case, always limited to certain fixed dates-holidays, 
Sundays, etc.-upon which the whole population is given over to 
amusement and rest : in towns, on the contrary, the quicker pace 
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of life brings with it more frequent opportunities for entertainment, 
even on working-days. . 

Moreover, the town offers many more possibilities of employing 
leisure hours, while recreation is not necessarily linked with the 
consumption of alcohol. Rural populations have only one place 
where they may go for amusement and entertainment : that place is 
the inn, where dancing takes place and games-some of a semi
athletic type, such as bowls-or billiards are played. The inn is a 
particular attraction to youths of both sexes, and it goes without 
saying that every occasion on which they congregate offers an 
inducement to drinking, which is the raison d' 2lre of the establish
ment. 

The above considerations justify the conclusion that the most 
effective method of combating the drinking habit in country areas 
lies in an adequate organisation of the leisure hours of rural popula
tions. The cinema, the radio, camping and, above all, sport can play 
a very. important role in this connection. 



A NINTH ANALYTICAL REVIEW OF REPORTS 
FROM PASTEUR INSTITUTES ON 

THE RESULTS OF ANTI-RABIES TREATMENT1 

By 

A. G. l\Ici<ENDRICK, lii.B., Ch.B., D.Sc., F.R.C.P.E., F.R.S.E., 
Lieut.-Col. Indian l\Icdical Service (ret.) ; 

Superintendent of the Laboratory or the Royal College of Physicians 
or Edinburgh; formerly Director or the Pasteur Institute or India, I<asauli. 

I. GENERAL 

The statistics dealt with in this review relate almost entirely to 
the years 1936 and 1937. A few reports relating to 1935 (Accra, 
Ankara, Lagos, Prague, and Sao Paulo) are included, together with 
those of Cluj for 1933, 1934, and 1935, and those of Salonica for 
1931, 1932, 1933, 1934 and 1935. 

The present analysis deals with a total of 304,525 treated persons. 
The following table gives the number of cases included in previous 
reviews, together with the total for all nine reviews. 

Review 

First ......••..•...... 
Second .........•...... 
Third ............•.... 
Fourth ................ . 
Fifth ................ . 

Persons 

31,656 
69,707 
69,541 

119,433 
115,859 

Review 

Sixth ............•..•• 
Seventh ......•..••.... 
Eighth .......•.•...... 
Ninth ......•......••.. 

Persons 

118,062 
110,884 
123,040 
304,525 

Total ........... 1,062,707 

The general characteristics of each schedule are given below. 

1 For previous reviews, sec document C.H.844, and lhe Bull. Heallll Org. 
1932, 1, pages 110 and 725; 1933, 2, page 533; 1934, 3, page 613; 1935, 4, 
page 752; 1937, 6, page 17; 1938, 7, page 1. 



:METHODS USED AND RESULTS onTAINBD 

Vocclno fr':'ft"m~~t N~g:~iJ 
Schedule Year 

(1) Dried or glucerinated cords. 

2 days : glyc. 15-21 
1. Alexandria .....•....•..•• 
2. Algiers •...•....•.•....... 

1936 Dried 
1936 Dried 
1937 Dried 

5-2 days : glyc. 15-25 
4-2 days : glyc. 15-25 

3. Algiers •.........••.•..... 
·1. Antananarivo (Madagascar) 

(Europeans) . . • • • • . • . • • • 1936 Dried 5-1 days : glyc. 
5. Antananarivo (Madagascar) 

(non-Europeans) . . • . . • • . 1936 Dried 5-1 days : glyc. 
6. Antananarivo (Madagascar) 

(Europeans) . . • • . • . . . . . . 1937 Dried 5-1 days : glyc. 
7. Antananarivo (l\fadagasear) 

(non-Europeans) . • . . . • . . 1937 Dried 5-1 days : giyc. 
8. Banglcolc, Institute • . • . . . . . 1936 Dried 2 days : glyc. 
9. Bangkok, Institute . . . • . • . • 1937 Dried 2 days : glyc. 

10. Beirut (Lebanon) • . . • • . . . . • 1936 Dried 4-2 days : glyc. 
11. Berne . . • . . . • . . • . . • . • . . . . . 1937 Dried 2 days : glyc. 
12. Bordeaux . . . . . . . • . . . . . . . . 1936 Dried 5-2 days : glyc. 
13. Bordeaux . . . • . . • • . • • . . . . . 1937 Dried 5-2 days : glyc. 
14. Casablanca (l\:!orocco) . . . • • • 1936 Dried 5-2 days : glyc. 
15. Casablanca (l\foroceo) . . . . • • 1937 Dried 5-2 days : glyc. 
16. Ceara (Brazil) • . • . . . . . • • • • 1936 Dried 7-1 days : glyc. 
17. Ceara (Brazil) . • . . . • . . . . . . 1937 Dried 7-1 days : glyc. 
18. Cordoba (Argentino) ...... (?)1936 1 Dried 6-2 days : 
19. Dakar (Senegal) (Europeans) 1936 Dried . 3-1 days : glyc. 
20. Dakar (Senegal) (!ton-Euro-

peans) . . . . . • . . . . . . • • • . • 1936 Dried 3-1 days : glyc. 
21. Dakar (Senegal) (Europeans) 1937 Dried 3-1 days : glyc. 
22. Dakar (Senegal) (non-Euro-

peans) . • . . . . • • . . • • . • • • • 1937 Dried 3-1 days : glyc. 
23. Hanoi (Tongking) (Euro-

peans) . . . . . • . . • • . . . . . • • 1936 Dried 4-1 days : glyc. 
24. Hanoi (Tongking) (non-Euro-

peans) . . . . . • . . • • . . . . • . . 1936 Dried 4-1 days : glyc. 
25. Hanoi (Tongking) (Euro-

peans) . • . • . . • . . . . . . . • . . 1937 Dried 4-1 days : glyc. 
26. Hanoi (Tongldng) (non-Euro-

peans) . . . . . • • . . . . . . . . . . 1937 Dried 4-1 days : glyc. 
27. Hue (Annnm) . • . . • • • . • . . • • 1936 Dried 6-1 days : glyc. 

14-20 

14-20 

18-20 

18-20 
18-25 
18-25 
15-24 
18-21 
14-21 
14-21 
15-25 
15-25 
15-25 
15-25 
26-38 
15-20 

15-20 
15-20 

15-20 

15-20 

15-20 

15-20 

15-20 
15-21 

719 
2,725 
3,208 

60 

77 

80 

107 
339 
283 
104 

3 
117 
88 

1,217 
880 
515 
711 
418 

17 

54 
5 

27 

201 

1,339 

168 

1,116 
883 

Horlallt7 PnralyUc 
DcaU•• % occident• 

2 0.28 0 
9 • 0.33 6 (recovered) 
9 0.28 1 (recovered) 

1.66 0 

0 0 

0 0 

2 1.87 0 
0 0 
1 _ 0.35 3 (1 fatal) 
0 0 
0 0 
0 0 
0 0 

12 0.98 0 
6 0.68 0 
1 0.19 0 
0 0 
0 0 
0 1 (recovered) 

0 0 
0 0 

0 0 

0 0 

14 1.04 0 

0 0 

7 0.63 0 
1 0.11 0 



_,.J 

28. Hue (Annam) ............. 1937 Dried G-1 days glyc, 15-20 1,026 0 1 ([atnl) 
29. Juiz do Fora (Brazil) .•.•..• 1936 Dried 4-1 days glyc. ? 734 0 0 
30. Juiz de Fora (Brazil) ..•••.• 1937 Dried 4-1 days glye. ? 636 0 0 
31. Keijo (Chosen) ............ 1936 Dried 3-1 days glye. 18 2,476 13 0.53 0 
32. Keijo (Chosen) ............ 1937 Dried 3-1 days glyc. 18 2,989 10 0.33 0 
33. Lille ..................... 1936 Dried 4-2 days glyc. 14-24 73 0 0 
34. Lille ..................... 1937 Dried 5-2 days glyc. 14-24 56 0 0 
35. Lyons .................... 1936 Dried 4-2 days glye. 15-25 88 0 0 
36. Lyons ··················· 1937 Dried 4-2 days glyc, 15-25 115 0 0 
37. l\Iarseilles ················ 1936 Dried 5-2 days glye, 15-25 163 0 0 
38. Marseilles ················ 1937 Dried ? days glye. 15-25 129 0 0 
39. Montevideo ............... 1936 Dried 8-1 days 14-21 1,060 2 0.19 0 
40. Montevideo ............... 1937 Dried 10-1 days 14-21 930 0 0 
41. l\lontpellier ..•••..•••....• 1936 Dried ? days : glye. 13-24 141 0 0 
42. l\Iontpellier ............... 1937 Dried ? days : glye. 13-24 186 0 0 
43. Paris ···················· 1936 Dried 4-2 days : glyc. 15-25 463 0 1 (recovered) 
44. Paris 1937 Dried 4-2 days : glyc. 15-25 454 0 1 (recovered) Cll ···················· 

~ 45. Pnom-Penh (Cambodia) (Eu-
ropeans) ................ 1936 Dried 6-1 days : glyc. 15-21 50 0 0 

iii 46. Pnom-Penh (Cambodia) ..., 
(non-Europeans) 1936 Dried 6-1 days : glyc. 15-21 421 0.24 0 c=; 47. Pnom-Penh (Cambodia) (Eu- Cll 
ropeans) ··············· 1937 Dried 6-1 days : glyc. 15-21 18 0 0 0 48. Pnom-Penh (Cambodia} z 
(non-Europeans) 1937 Dried 6-1 days : glyc. 15-21 442 0 0 

~ 49. Porto Alegre (Brazil) ••..... 1936 Dried 5-2 days 15-25 664 0 0 
50. Porto Alegre (Brazil) •....•• 1937 Dried 5-2 days 15-25 1,087 0 0 F.i 51. Saigon (Europeans) 1936 Dried 6-1 days : glyc. 15-21 86 0 0 Cll 52. Saigon (non-Europeans) .... 1936 Dried 6-1 days : glyc. 15-21 2,111 1 0.05 0 
53. Saigon (Europeans) .....•• 1937 Dried 6-1 days : glyc. 15-21 119 0 0 
54. Saigon (non-Europeans) .••• 1937 Dried 6-1 days : glyc. 15-21 2,292 2 0.09 0 
55. Teheran ...... , ........... 1936 Dried ? days : glyc. 15-25 28 0 0 
56. Tokio, Government Institute 

for Infectious Diseases 1936 Dried 3-1 days : glyc. 18 338 0 0 
57. Tokio, Kitasato Institute ... 1936 Dried 5-1 days : glyc. 18 60 0 0 
58. Tunis .................... 1937 Dried 4-1 days : glyc. 16-20 1,872 4' 0.21 0 
59. Tunis .................... 1937 Dried 4-1 days : glyc. 16-20 1,800 2 0.11 0 
60. Vientiane (Laos) .•••.•.... 1936 Dried ? days : glyc. ? 65 0 0 
61. Vilno (Poland) ............ 1936 Dried 8-2 days : glyc. 14-20 10 0 0 ... 
62. Vilno (Poland) .••••....••• 1937 Dried 8-2 days : glyc. 14-20 16 0 0 

... 
"' 

1 Two schedules, the statistics in which arc the same, were received [rom Cordoba, one lnbclled 1936, tho other 1937. 



Schedule Ycm· Vucclno Dnyo; or 
lrcnhnenl 

Numbrr MorlaliiJ l'omlylle 
trcntcd Dcnths % ucclc.lcnls 

(2) Modified dilution met/rods. c.o ... 
1. Certain Bulgarian institutes . 1936 Boecker's vaccine : 90 mg. 20 2,929 6 0.20 0 
2. Certain Bulgarian Institutes . 1937 Boecker's vaccine : 90 mg. 20 3,001 . 1 0.03 0 
3. Istanbul ················· 1937 HUgyes-Phlllpps : 29-425 mg. 9-25 1,764 3 0.17 0 
4. l\Iadrld .•••.••• , ..•.....•. 1937 Hllgyes modified: 1/5000-11100 14-20 1,005 3 0.30 0 
5. Recife (Pernambuco, Brazil) . 1936 Hllgyes 12-20 1,572 1 0.06 0 
6. Recife (Pernambuco, Brn~l) • 1937 Hogyes 12-20 1,67-1 2 0.12 0 
7. Riga, institute ............. 1936 Dilution 14-21 16 0 0 
8. Riga, outside institute • , ••• 1936 Dilution 14-21 195 1 0.51 0 
9. Riga ••••••.•..••••••••... 1937 Dilution 14-21 128 0 0 

12,284 17 0.14 0 rn 

~ 
(3-6) · Pllcnol vaccines : modifications of Fermi's mell!od. .... rn 

'":l 
(3) Killed pl!enol vaccines. .... 

C'l rn 
1. Accra (Gold Coast) 1935 ? : Semple ? 45 3 6.67 0 0 
2. Accra (Gold Coast) 1936 ? :Semple ? 4 0 0 z 
3. Accra (Gold Coast) ········ 1937 ? :Semple ? 45 0 0 ::;:l 
4. Ankara ·················· 1935 840-2400 mg. : Semple 14-20 1,478 7 0.47 0 ;... 
5. Ankara ·················· 1936 840-2400 mg. : Semple 14-20 1,994 9 0.45 0 Oj 

6. Ankara ·················· 1937 840-2400 mg. : Semple 14-20 1,900 7 0.37 0 til 
7. Baghdad (Europeans) •.•.•. 1936 700-3500 mg. : Semple ? 17 0 0 rn 

8. Baghdad (non-Europeans) .. 1936 700-3500 mg. : Semple ? 184 0 0 
9. Baghdad (Europeans) •••... 1937 350-3500 mg. : Semple ? 8 0 0 

10. Baghdad (non-Europeans) .. 1937 350-3500 mg. : Semple 7-14 343 2 0.58 0 
11. Bangkok, Institute 1936 Phenollsed vaccine 14 1,217 1 0.08 0 
12. Bangkok, outside Institute .. 1936 Phenolised vaccine 14 1,797 4 0.22 0 
13. Bangkok, institute ••.. ; .... 1937 Phenolised vaccine 14 1,280 5 0.39 0 
14. Bangkok, outside Institute •• 1937 Phenollsed vaccine 14 1,593 3 0.18 0 
l!i. Bombay (Europeans) 1936• 700-7000 mg. : Semple 7-14 327 0 0 
16. Bombay (non-Europeans) .. 1936 700-7000 mg. : Semple 7-14 7,765 31 0.39 0 
17. Bombay (Europeans) 1937 700-7000 mg. : Semple 7-14 376 0 0 
18. Bombay (non-Europeans) 1937 70Q-7000 mg. : Semple 7-14 9,482 48 0.51 0 
19. Brazzaville (French Congo) • 1936 ? : Semple 14 19 0 0 
20. Brazzaville (French Congo) • 1937 ? : Semple 14 27 0 0 
21. Calcutta, institute (Euro- ·' peans) •••• 0 • ~ •• 0 • 0 0 • 0 •• 1936 350-700 mg.: Semple 7-14 111 0 0 



22. Calcutta, institute (non-Euro-
peans) .....•...•.•..••. 

23. Calcutta, out-centres (Euro-
peans) ...••...•....•..• 

24. Calcutta, out-centres (non
Europeans) ....•.......• 

25. Calcutta, institute (Euro-
peans) .•....•.....•.... 

26. Calcutta, institute (non-Euro-
peans) ......•••.••••... 

27. Calcutta, out-centres (Euro-
peans) .....•••........• 

28. Calcutta, out-centres (non
Europeans) ...••..•••..• 

29. Cernauti (Roumania) (light 
. cases) ....••...••....... 

30. Cernauti (Roumanla) (light 
cases) ........•......•.• 

31. Colombo ••••••••......... 
32. Colombo ........••••..... 
33. Coonoor (Europeans) 
34. Coonoor (non-Europeans) •.. 
35. Coonoor (Europeans) ...... . 
36. Coonoor (non-Europeans) ••. 
37. Cracow .....•••........•. 
38. Cracow ••........•....... 
39. Freetown (Sierra Leone) ..•• 
40. Freetown (Sierra Leone) .... 
41. Galatz (Roumania)" ••.....• 
42. Galatz (Roumania) 
43. Hong-Kong ••...........•. 
44. Hong-Kong •....•...•..... 
45. Kasauli, institute (non-Euro

peans) : Class II •.•......• 
46. Kasauli, out-centres (non-Eu

ropeans) : Class II •..•... 
47. Kasauli, institute (non-;Euro

peans) : Class III 
•18. Kasauli, out-centres (non-Eu

ropeans) : Class III .•••.• 
•19. Kasaull, institute (non-Euro

peans) : Class IV .••••••• 

1936 350-700 mg. : Semple 

1936 350-700 mg. : Semple 

1936 350-700 mg. : Semple 

1937 350-700 mg. : Semple 

1937 350-700 mg. : Semple 

1937 350-700 mg. : Semple 

1937 350-700 mg. : Semple 

1936 2100-3000 mg. : Semple 

1937 2100-2700 mg. : Semple 
1936 350-900 mg. : Semple 
1937 350-1000 mg. : Semple 
1936 700-7000 mg. : Semple 
1936 700-7000 mg. : Semple 
1937 700-7000 mg. : Semple 
1937 700-7000 mg. : Semple 
1936 2000 mg. : Semple 
1937 2000 mg. : Semple 
1936 ? : Semple 
1937 ? : Semple 
1936 2250-7500 mg. : Semple 
1937 3750-12500 mg. : Semple 
1936 1400-2800 mg. : Semple 
1937 1400-2800 mg. : Semple 

1936 1400 mg. : Semple 

1936 1400 mg. : Semple 

1936 3500 mg. : Semple 

1936 3500 mg. : Semple 

1936 7000 mg. : Semple 

7-14 

7-14 

7-14 

7-14 

7-14 

7-14 

7-14 

14-20 

1-1-18 
7-18 
7-21 
7-14 
7-H 
7-14 
7-14 
20 
20 
? 
? 

15-25 
15-25 

1-t 
14 

14 

14 

14 

14 

1-l 

819 

190 

4,028 

160 

1,059 

202 

5,i44 

575 

625 
1,993 
2,173 

3•12 
11,678 

351 
11,382 

23,1 
. 228 

16 
46 

715 
1,•149 

256 
231 

168 

1,964 

337 

8,456 

257 

0 

0 

29 

0 

2 

0 

38 

0 
9 
9 
0 

19 
1 

22 
1 
0 
0 
0 
2 
3 
0 
0 

0 

0 

0 

29 

3 

0 

0 

0.72 0 

0 

0.19 0 

0 

0.74 0 

0.17 0 

0 
0 
0 
0 

0.45 
0.41 

0.16 
0.29 
0.19 
0.43 

0.28 
0.21 

2 (1 fatal) 
0 
1 (recovered) 
0 
0 
0 
0 
0 
0 
0 
0 

0 

1 (recovered) 

0 

0.34 0 

1.17 0 



Schedule Year Vaeelno Days of Number Hortallt7 Paralytic 
treatment treated Deaths % accidents 

c.> 
50. I<nsaull, out-centres (non- "' 

Europeans) : Class IV .••• 1936 7000 mg. : Semple 14 4,549 74 1.63 1 (recovered) 
51. I<asnull, Institute (Euro-

penns) : Class II ••••••••• 1937 1400 mg. : Semple 14 6 0 0 
52. I<asaull, Institute (non-Euro-

penns) : Class II •••..•••• 1937 1400 mg. : Semple 14 160 0 0 
53. I<asaull, out-centres (Euro-

penns) : Class II ••..••••• 1937 1400 mg. : Semple 14 94 0 0 
54. Knsaull, out-centres (non-

Europeans) : Class II •••• 1937 1400 mg. : Semple 14 2,468 3 0.12 0 
55. Kasnuli, Institute (Euro-

penns) : Class IIi .•...••• 1937 3500 mg. : Semple 14 32 0 0 ~ 
56. I<asnull, Institute (non-Euro- ~ penns) : Class III .•••••.. 1937 3500 mg. : Semple 14 . 305 0 0 .... 
57. Kasnuli, out-centres (Euro-

0 1 (recovered) ~ 
penns) : Class III ..••••.• 1937 3500 mg. : Semple 14 266 .... 

C'l 
58. Knsnull, out-centres (non- Cll 

Europeans) : Class III .•• 1937 3500 mg. : Semple 14 9,242 28 0.30 1 (recovered) 0 
59. Kasaull, institute (Euro- z 

penns) : Class IV •••••••• 1937 7000 mg. : Semple 14 3 0 0 

~ 60. Kasaull, institute (non-Euro-
penns) : Class IV ........ 1937 7000 mg. : Semple 14 219 5 2.28 0 .... 

61. Kasnuli, out-centres (Euro- 1::1] 

penns) : Class IV ........ 1937 7000 mg. : Semple 14 114 2 1.75 0 
Cll 

62. Kasnuli, out-centres (non-
Europeans): Class IV •.•. 1937 7000 mg. : Semple 14 5,211 51 0.98 3 (recovered) 

63. Kuala Lumpur (Malaya) ... 1936 1400-2100 mg. : Semple 14-21 21 0 0 
64. Kunia Lu111pur (Mnlaya) 1937 1400-2100 mg. : Semple 14-21 1119 0 1 (recovered) 
65. Lagos (Nigeria) •••......•. 1935 ? :Semple ? 156 1 0.64 0 
66. Lagos (Nigeria) .•..•....•• 1936 ? :Semple ? 105 0 0 
67. Lagos (Nigeria) ....•.•••.. 1937 ? :Semple ? 380 2 0.53 0 
68. Lisbon ................... 1936 2500-10000 mg. : Semple 10-40 637 0 0 
69. Lisbon •.....•..•.••..••. · 1937 2500-10000 mg.: Semple 10-40 933 1 0.11 0. 
70. Lwow (Poland), institute .•. 1936 ? :Semple 20 9 0 0 
71. Lwow (Poland), out-centres •. 1936 ? :Semple 20 496 2 0.40 0 
72. Lwow (Poland) ....••••••. 1937 ? :Semple 20 708 0 0 
73. Nairobi (Kenya) ........... 1936 1400-7000 mg. : Semple 14 8 0 0 
74. New Orleans (Europeans) .. 1936 ? : Semple 15-? 286 0 0 
75. New Orleans ttlDn-Europeans) 1936 ? :Semple 15-? 49 0 0 



76. New Orleans (Europeans) . 1937 ? Semple 14-? 1,018 1 0.09 0 
77. NewOrleans(non-Europeans) 1937 ? Semple 14-? 324 0 0 
78. New York ...••.•.......• 1936 ? Semple 14-21 1,804 0 0 
79. New York ••••••••••••••• 1937 ? Semple 14-21 2,276 0 0 
80. Palestine •.••••••••..••.• 1936 ? Semple 14 1,808 1 0.06 0 
81. Palestine .••••..•.....••. 1937 ? Semple 14 1,881 2 0.11 1 (recovered) 
82. Rangoon (Europeans) .•••• 1936 700-7000 mg. Semple 7-14 208 0 1 (recovered) 
83. Rangoon (non-Europeans) . 1936 700-7000 mg. Semple 7-14 1,487 2 0.13 2 (1 fatal) 
84. Rangoon (Europeans) ..•.. 1937 700-7000 mg. Semple 7-14 315 0 0 
85. Rangoon (non-Europeans) . 1937 700-7000 mg. Semple 7-14 1,954 2 0.10 3 (1 fatal) 
86. Santiago (Chile) ...•.....• 1936 2240-4800 mg. Semple ? 726 0 0 
87. Santiago (Chile) .•.•.....• 1937 2240-4800 mg. Semple ? 689 0 0 
88. Shanghai lEuropeans) .•.•. 1936 562-3000 mg. Semple 15-25 270 0 0 
89. Shanghai (non-Europeans) • 1936 562-3000 mg. Semple 15-25 •614 4 0.65 0 
90. Shanghai (Europeans) ..... 1937 1125-1800 mg. Semple 15-24 142 0 0 
91. Shanghai (non-Europeans) . 1937 1125-1800 mg. Semple 15-24 425 1 0.23 0 
92. Shillong, institute ....••.• 1936 700-4200 mg. Semple 7-14 102 0 1 (not fatal) C/l 

93. Shillong, institute ••..•••. 1937 700-4200 mg. Semple 7-14 148 1 0.68 0 ~ 
94. Sivas (Turkey) .•.••••..•• 1937 840-2400 mg. Semple 14-20 77 0 0 >-i 

95. Teheran •.••••••.••.•••.• 1936 ? Semple 20-30 66 0 0 1il 
>-i 

96. Teheran •••.••.••..•••..• 1937 ? Semple 20-30 188 0 0 .... 
C"l 

97. Toronto •.•••••.••••••••• 1936 ? Semple 14-21 10 0 0 C/l 

98. Toronto ••.•..•..••....•. 1937 ? Semple 14-21 19 0 0 0 
99. Warsaw,lnstitute •••.•••• 1936 1400-3000 mg. Semple 20-25 298 0 0 z 

100. Warsaw, outside institute • 1936 1400- ? mg. Semple 20-25 2,634 8 0.30 0 

~ 101. Warsaw, institute ••••..•• 1937 1600-4000 mg. Semple 20-25 377 0 0 
102. Warsaw, outside institute 1937 1600-2000 mg. Semple 20-25 3,482 8 0.23 1 (recovered) tii 

135,058 487 0.36 20 (3 fatal) 
C/l 

(4) Live plzenol vaccines : Pwztoni's modification. 

1. Florence ················· 1936 Puntonl's modification ? 39 0 0 
2. Sao Paulo (Brazil) .•..•.••• 1935 Puntonl's modification ? 848 0 0 
3. Sao Paulo (Brazil) ......... 1936. Puntonl's modification : 3000-

7500 mg. ? 1,170 0 0 
4. Sao Paulo (Brazil) ......... 1937 Puntonl's modification : 3000-

7500 mg. 1,485 0 0 .., 
~ 

3,542 0 0 



Schedule 

1. Alexandria ..•• 
2. Beirut (Lebanon)" " " " " · 
3. Budapest ' ' " · · · · · · 
4 B d ·•·•·•·•··•·····.• 
5

• B u apcst •.••.••....•..•.. 
· ucno~ Aires, Bacteriological 

Institute 
6. Buenos Air~,' B·;ct~;I~i~gic~ 

Institute 7 C I .............. . s: c:~~~ .: : ·.· · · · · · · · · · · · · · · · · 
9. Dakar (S~;t~g~i)'(E~~p~~~~) 

10. Dalmr (Senegal) (non-Euro-
peans) .......•......... 

11. Koslce (Czecho-Slovakia) .. . 
12. La Paz (Bolivia) ........ .. 
13. Prague ..........•........ 
14. Prague ....•.............. 
15. Prague .•••....•••.......• 

1. Bucharest ................ . 
2. Bucharest .........•...•.. 
3. Cernauti · (Roumania) (severe 

cases) ..•••••......•.. · · 
4. Cernauti (Roumania) (severe 

cases) ...•............. · 
5. Chisinau (Roumania) 

6. Chislnau (Roumanin) 

Year Vaccine Days o! Number HorWIIJ Porolytlc 
treatment treated Deaths % accidents 

(5) Fermi's original vaccine. 

1937. Fermi 
1936 Fermi 
1936 Fermi 
1937 Fermi 

? 
3750-6250 mg. 
115-330 mg. 

? 

1936 Fermi : 6000-9150 mg. 

1937 Fermi : GOU0-9150 mg. 
1936 Fermi : ? 
1937 Fermi : ? 
1937 Fermi : 6000-7800 mg. 

1937 Fermi : 6000-7800 mg. 
1936 Fermi : ? 
1936 Fermi-Kraus 
1935 Fermi : ? 
1936 Fermi : ? 
1937 Fermi : ? 

(6) Fermi's sera-vaccine. 

15-25 
15-25 

G-10 
G-10 

20-28 

20-28 
15-20 
15-20 
20-26 

20-26 
14-21 

? 
14-21 
14-21 
14-21 

834 
28 

3,762 
3,037 

1,214 

1,364 
3,883 
5,257 

2 

9 
309 
16 

622 
453 

50 

20,840 

This method has not been employed since 1934. 

(7) Healed vaccines : Babes' melllod. 

1936 Dried G-0 days+ !tented 50•-60•C. 10-24 
1937 Dried 6-0 days + heated 50•-GO•C. 10-24 

1936 Semple + heated GO• and G5•C. 14-20 

1937 Semple + heated GO• and 65•C. 14-20 
1936 Hogyes, in light cases, +, in 

severe cases, heated GO•C. 14-23 
1937 Hogyes, in light cases, +, in 

severe cases, healed 60•C. 14-23 

7,053 
6,320 

208 

385 

1,494 

1,690 

0 
0 
4 
3 

0 

0 
8 

17 
0 

1 
1 
0 
1 
1 
0 

36 

20 
26 

2 

4 

2 

0 
0 

0.10 0 
0.10 0 

0 

1 (fatal) 
0.21 0 
0.32 0 

0 

11.11 0 
0.32 0 

0 
0.16 0 

. 0.20 0 
0 

0.17 1 (fatal) 

0.28 0 
0.40 0 

0.48 0 

0.52 0 

0.27 0 

0.12 0 

"' 00 



7. Cluj (Roumanla) .......... 1933 Dried 4-0 days + heated 45•-GO•C. ? 4,398 8 0.18 0 
8. Cluj (Roumanla) ·········· 1934 Dried 4-0 days + healed •15•-60•C. ? 3,525 14 0.40 0 
9. Cluj (Roumania) ·········· 1935 Dried 4-0 days + heated 45•-60•C. ? 4,244 4 0.09 0 

10. Cluj (Roumania) ·········· 1936 Dried 4-0 days + heated 45•-60•C. ? 5,753 10 0.17 0 
11. Cluj (Roumania) ·········· 1937 Dried 4-0 days + heated 45•-60•r. ? 5,882 8 0.14 0 
12. Jassy (Roumania) 1936 Heated 60•-65°C. + Fermi 8-18 3,079 1 0.03 0 
13. Jassy (Roumania) 1937 Hc.~led 60•-65•C. + Fermi 8-18 3,783 4 0.11 0 

47,814 104 0.22 0 

(8) Killed ether vaccine : Hempl's meU!od. 

1. Novi Sad and other Yugoslav 
institutes .............. 1936 Hempt's standard method 1-6 12,47-1 15 0.12 0 

2. Nov! Sad and other Yugoslav C/l 

institutes ............... 1937 Hempt's standard method 1-6 13,836 18 0.13 1 (fatal) ;! 
3. Prague ......•............ 1935 Hempt's standard method 5-7 257 0 0 "'! 
4. Prague .•.....•.......•••• 1936 Hempt's standard methocl 5-7 325 0 0 u; 
5. Prague ................... 1937 Hempt's standard method 3-7 583 0 0 "'! 

('i 
27,,175 33 0.12 1 (fatal) 

C/l 

0 z 

(9) Mixed lrcatmenls. ~ 
til 

(a) 1. Athens ................ 1936 Boecker +, in severe cases, Ali- C/l 

visatos 20 1,692 . 0.06 1 (re.covered) 
2. Athens ................ 1937 Boec\cer +, in severe cases, Ali-

vlsatos 20 1,596 2 0.12 1 (recovered) 
3. Certain Bulgarian instl-

tutes ················ 1936 Hogyes +, in severe cases, Ali-
visatos : 275-3700 mg. 13-15 1,869 0.05 0 

4. Certain Bulgarian lnsti-
tutes ................ 1937 Hogyes +, in severe cases, Ali-

visatos : 275-3700 mg. 13-l;i 2,195 1 0.05 0 
5. Vienna ................ 1936 Hogyes + Alivisatos ? 219 0 0 .., 

-- (Q 

7,571 5 0.07 2 (rct"ovcred) 



Schedule 

(b) 1• Buenos Aires, Pasteur La-
boratory •••••••••.•••• 

2. Buenos Aires, Pasteur La-
boratory ••.. · .•••.•••• 

(c) 1. Salonlca 

2. Salonica 

3. Salonlca 

4. Salonlca 

5. Salonica 

6. Salonlca 

7. Salonlca 

Year Vaccine 

1936 Cords dried 6-1 days : glyc. +, 
In severo cases, Fermi's ori
ginal vaccine 

1937 Cords dried 6-1 days +,In severe 
cases, Fermi's original vaccine 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

Fermi • 3200-8000 mg. +, in 
severe cases, Alivisatos 

Fermi 3200-8000 mg. +, In 
. severe cases, Alivisatos 

Fermi : 3200-8000 mg. +, In 
severe cases, Alivisatos 

Fermi 3200-9600 mg. +, In 
severe cases, Alivisatos 

Fermi 3200-9000 mg. +, In 
severe cases, Allvisatos 

Fermi 3200-9600 mg. +, In 
severe cases, Alivisatos 

Fermi : 3200-9800 mg. +, in 
severe cases, Alivisatos 

16-? 

16-? 

18-25 

18-25 

18-25 

18-25 

18-25 

18-25 

18-25 

2,736 

1,900 

4,636 

1,467 

1,094 

753 

786 

843 

775 

928 

4 

3 

7 

2 

3 

1 

0 

0 

1 

1 

0.14 0 

0.15 1 (recovered) 

0.15 1 (recovered) 

0.14 0 

0.27 0 

0.13 0 

2 (recovered) 

1 (recovered) 

0.13 0 

0.11 0 

6,646 8 0.12 3 (recovered)· 

... 
0 



The statistics included in certain schedules could not be made use of. A summary of these schedules is given below, 
with the reason for exclusion. 

Days or Number Ill or- Parnlytlc Reason Cor not 
Schedule Year Vaccine treatment treated Deaths tality accidents using statistics 

% 

1. Dijarbeklr (Turkey) 19.35 Semple and Hllgyes ? 50 0 0 
2. Dljarbeldr (Turkey) 1936 Semple and Hogyes ? 66 0 0 Statistics for dif-3. Dljarbcldr (Turkey) 1937 Semple and Hogyes ? 103 0 0 ferent treat-4. Istanbul ................. 1935 Semple, Philipps and Pasteur- ments not given Calmette ? 2,391 10 0.41 3 (recovered') 
5. Istanbul ················· 1936 Semple, Philipps and Pasteur- separately 

Calmette ? 2,113 7 0.33 2 (recovered') 
6. Mexico • , .......... , ...... 1935 Fermi 14-21 3,910 ? ? 2 
7. Mexico ................... 1936 Fermi 14-21 3,620 ? ? 0 
8. Mexico ................... 1937 Fermi 14-21 4,517 ? ? 0 Number of deaths 
9. Nairobi (Kenya), out-stations 1937 Semple ? 61 tonrses inntd ? ? ? unknown 

10. Santa Clara (Cuba) .••..••• 1936 Semple : 1920-3360 mg. 14-21 247 tollrsesissuetl ? ? ? 
11. Santa Clara (Cuba) •••...• , 1937 Semple : 1920-3360 mg. 15-21 356 IOQrltS issntd ? ? ? 
12. Shillong, out-centres •.....• 1937 Semple ? 1,661 ? ? ? 

13. Sivas (Turkey) ............ 1935 Semple and Hogyes ? 239 0 0 ( Statistics for dif-
14. Slvas (Turkey) ............ 1936 Semple and Hogyes ? 241 0 0 ferent treat-
15. Vientiane (Laos) ••••• : • ••• 1937 Dried cords and phenol ? 93 2 2.15 0 ments not given 

separately 

19,668 

' 2 HOgycs ; 1 Semple. 
I Both Philipps. 

The 19,668 cases in the above table are excluded from all other tables and results. 

en 
~ ..., 
..... en ..., 
..... 
C'l en 
0 z 

~ 
t;l 
en 

... ... 



42 STATISTICS ON RABIES 

II. METHODS OF TREATMENT· 

The methods of treatment employed at each institute, its dura
tion and, where available, its dosage are given in the preceding 
table. 

For purposes of c~mparison, the various methods of treatment 
have been classified under the following headings : · 

1. Dried or glycerinated cords (Pasteur's original method and 
Calmette's modification).· 

2. 1\!odifi.ed dilution methods (Hi:'·gyes). 
3-6. Phenol: Modifications of Fermi's method. 

3. IWled phenol uaccines (Semple and Mulford's modifica-
tions). · 

4. Liue phenol uaccines (Puntoni's modification). 
5. Fermi's original method. 
6. Fermi's sero-uaccine. 
'1. Heated uaccines (Babes). 
8. Killed ether uaccines (Hempt). 
9. Mixed treatments: 

(a) (dilutions plus, in severe cases, Alivisatos) ; 
(b) (dried cords plus, in severe cases, Fermi's original 

vaccine) ; 
(c) (Fermi plus, in severe cases, Alivisatos). 

10. Yatren uaccinc. 

In certain instances, the following shortened system of classifi-
cation has been employed : 

(a) Killed uacc'ines : comprising 3 and 8 above. 
(b) Liue uaccines: comprising 1, 2, 4, 9(a) and 9(b) above. 
(c) Healed uaccines : 
(d) Other : comprising 5, 6, 9(c) and 10 above. 
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III. NUMBER OF PERSONS TREATED 

The total number of treated persons regarding whom information 
has been received was 30<1,525 (excluding the 19,668 cases "not 
usable "). The adjoining table gives the distribution of these 
according to the method of treatment. 

1. Cords ············· 38,659 8. Killed ether 27,475 
2. Dilutions ·········· 12,28•1 9. i\lixed (a) 7,571 
3. Killed phenol ······ 135,058 (b) 4,636 
•1. Live phenol ······· 3,5·12 (c) ········· 6,646 
5. Fcrnli,s vaccine .... 20,8<10 
7. Heated ············ •17,81-1 Total ··········· 304,525 

IV. MORTALITIES FOR ALL PATIENTS 

Of the total of 304,525 treated persons, 797 died of rabies. The 
percentage mortality was thus 0.26, as compared with 0.49 in the 
first, 0.48 in the second, 0.23 in th~ third, 0.48 in the fourth, 0.38 in 
tl1e fifth, 0.35 in the sixth, 0.30 in the seventh, 0.27 in the eighth, 
and 0.33 over the whole period covered by the nine reviews. The 
detailed figures for the present statistics, and for the set of nine 
reviews, arc as follows : · 

Ninth review All nine reviews 
Mor- Deaths· Mor-

Number lnlily Number ---·lnlity 
treated Deaths % treated Ol.sem:d Calculated• % 

1. Cords .......•....... 38,659 100 0.26 152,899 527 509 0.34 
2. Dilutions ............ 12,284 17 0.14 75,141 141 250 0.19 
3. Killed phenol 135,058 487 0.36 490,670 2,347 1,63•1 0.48 
4. Live phenol ..•...... 3,542 0 0 7,006 6 23 0.09 
5. Fermi's vac~ •.••.••.. 20,840 36 0.17 28,159 49 94 0.17 
6. Fermi's S.V. ········ 390 0 1 0 
7. Healed ············· •17,814 104 0.22 140,959 258 470 0.18 
8. Killed ether ......... 27,475 33 ° 0.12 90,919 112 303 0.12 
9. lllixed (a) ...•....... 7,571 5 0.07 57,227 65 191 0.11 

(b) 0 0 0 0 0 0 0 0 0 0. 4,636 7 0.15 7,307. 14 24 0.19 
(c) ..•.•.••... 6,646 8 0.12 6,646 8 22 0.12 

10. Yatren ············· 5,38•1 13 18 0.24 

Total ........... 30•1,525 797 0.26 1,062,707 3,540 3,539 0.33 

P < 1 in a million. 
--------

• Cnlculnted from the morlulily o[ the totnl or the !:!groups (i.e., from 0.33311). 



4-l STATISTICS ON RABIES 

According to the sho~ned system of classification, the figures 

are: 
Ninth review 

Mar-
Number tality 
treated Deaths % 

(a) I<illed • • • • • • • • • • • • • • 162,533 520 0.32 
(b) Live . . . . . • . . • . . • . . • • 66,692 129 0.19 
(c) Heated . • . . . . . . . . . . . . 47,814 104 0.22 
(d) Other . . . • . . . . . . . . . . • 27,486 44 0.16 

All nine reviews 
Deaths Mar-

Number ---- tality 
treated Obserred Calculated % 

581,589 2,459 1,937 0.42 
299,580 753 998 0.25 
140,959 258 470 0.18 

40,579 70 135 0.17 

Total ........... 304,525 797 0.26 1,062,707 3,540 3,540 0.33 

P < 1 In a million. 

The percentage mortalities in the successive reviews and in the 
whole set have been : 

First Second Third Fourth Fifth Sixth Seventh Eighth Ninth AI nine 

(a) Killed ••••.•••••• :. • • 0.65 0.80 0.28 0.66 0.51 0.40 0.35 0.31 0.32 0.42 
(b) Live • • • • • • • . • • • • . • . • 0.27 0.26 0.21 0.26 0.23 0.31 0.28 0.24 0.19 0.25 
(c) Heated . . . . . . . . . . . . . . - 0.15 0.08 0.04 0.24 0.18 0.11 0.15 0.22 0.18 
(d) Other • . . . . . . . . . . . . . . - 0.22 0.27 0 0 0.08 0.16 0.17 

Total . . . . . . . . . . . 0.49 0.48 0.23 0.48 0.38 0.35 0.30 0.27 0.26 0.33 

The same tests of significance of differences as were employed and 
described in previous reviews have been used. It will be remem:. 
bered that a value P is obtained from the statistics which measures 
the probability that equal or greater differences than those observed 
would be likely to occur in samples of a population which was 
admittedly homogeneous. The underlying idea is to test the assump
tion that the various figures derived from different methods of 
treatment refer to samples selected at random from a very large 
homogeneous population. VVhen the results of the statistical ana
lysis indicate that the figures do not agree with this assumption, 
the data will be referred to as heterogeneous or as showing a signi
ficant difference. The dividing-line between homogeneity and hetero
geneity may conveniently be taken as being defined by P = 0.05, 
any lesser value indicating a real discrepancy and, in the present 
comparison, significant differences in the efficacy of the various 
vaccination methods employed. 
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V. RACIAL STATISTICS 

Information regarding race type was lacking in the case of 8,403 
persons, 1 of whom died of rabies. 

Of the remainder, 158,354 were of European descent (53.5%) and 
137,768 were of non-European birth (46.5%). 

The percentages of Europeans in the variotls groups for this and 
former reviews were as follows : 

1. Cords ............. .. 
First Second Third Fourth 

57.6 52.7 50.2 62.5 
Fifth Sixth Seventh Eighth Ninth All nine 

56.1 49.5 49.1 29.8 31.1 44.5 
96.6 100 89.0 100 100 97.6 
15.6 12.9 21.5 15.6 20.1 17.5 

2. Dilutions ...•••.•••.. 100 100 100 94.8 
3. Killed phenol ..••.... 19.7 11.9 62.1 10.3 
4. Live .~henol : . . ....• 
5. Fermt s vaccme •.•••. 
6. Fermi's S.V ......••.. 
7. Heated .....•...•..• 
8. Killed ether . . • . . . . . . 99.7 
9. Mixed (a), (b) and (c) . 100 

10. Yatren •.........•..• 

100 100 100 

100 

100 

100 
100 
100 

100 
100 
100 
100 
100 
100 

100 100 100 100 100 100 
100 100 100 100 53.9 64.8 
100 100 100 
100 100 100 100 100 100 
100 100 100 100 100 100 
100 100 100 100 100 100 
100 100 

Total . . . . . . • • . . . 52.4 53.5 81.1 48.9 58.0 52.0 50.8 45.2 53.5 53.7 

The figures relating to mortality are given in the following table : 

Ninth review All nine reviews 
Deaths Deaths 

Number --------- Jl(or- Number Mor-
treated Obser· Caltn· tality treated Obser· Cal<u· tality 

Buropean.s nd Ia ted % ved Ia led % 
1. Cords .•.•.....•.•••• 11,252 18 18 0.16 65,025 95 100 0.15 
2. Dilutions •..••.•..••• 12,284 17 20 0.14 73,364 125 113 0.17 
3. Killed phenol ••..•••• 25,911 53 42 0.20 81,555 135 126 0.17 
4. Live phenol ..••.•••. 3,542 0 6 0 7,006 6 11 0.09 
5. Fermi's vaccine ..•••• 11,223 10 18 0.09 17,723 23 27 0.13 
6. Fermi's S.V •••.••••.• 390 0 1 0 
7. Heated 47,814 104 77 0.22 140,959 258 217 0.18 
8. Killed eti;~·::::::::: 27,475 33 44 0.12 90,919 112 140 0.12 
9. 11-lixed (a) ........... 7,571 5 12 0,07 57,227 65 88 0.11 

(b) ··········· 4,636 7 7 0.15 7,307 14 11 0.19 
(c) ··········· 6,646 8 11 0.12 6,646 8 10 0.12 

10. Yatren .. .-........... 5,384 13 8 0.24 --Total ············· 158,354 255 255 0.16 553,505 854 852 0.15 

p = 0.0004 p = 0.0009 
Non-Buropeo.m 

1. Cords ••....•.••••... 24,908 82 98 0.33 80,952 423 452 0.52 
2. Dilutions ••.•..•...•. 1,777 16 10 0.90 
3. Killed phenol ..•••••• 103,259 433 405 0.42 383,955 2,194 2,144 0.57 
5. Fermi's vaccine •..••• 9,601 26 38 0.27 9,601 26 54 0.27 

---- --- -- --
Total ··········· 137,768 541 541 0.39 476,285 2,659 2,660 0.56 

p = 0.015 p = 0.0001 
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Information was not available regarding 8,403 treated persons, 
of whom 1 died of rabies. 

Or, using the shortened system of classification : 

Ninth review All nine reviews 
Deaths ~lor- Deaths Mor-

Number----- tallty Number ~ talily 
Europeans: treated Ob.!meJ Calrotated % treated Ob!emd Caku!ateol % 

(a) Killed ..•....•.. 53,38~ 86 86 0.16 172,474 247 266 0.14 
39,285 47 63 0.12 209,929 305 324 0.15 (b) Live •.•.•...•. 

(c) Heated ........ 47,814 . 104 77 0.22 140,959 258 217 0.18 
(d) Other ......... 17,869 18 29 0.10 30,143 44 47 0.15 

----- -- -----
Total ..... 158,354 255 255 0.16 553,505 854 854 0.15 

p = 0.0004 p = 0.02 

Non-Europeans : 

(a) Killed • • • • • • . . . 103,259 433 405 0.42 383,955 2,194 2,144 0.57 
(b) Live • . • .. • .. • . 24,908 82 98 0.33 82,729 439 462 0.53 
(d) Other •••••••.• 9,601 26 38 0.27 9,601 26 54 0.27 

----- ----- --
Total ..... 137,768 541 541 0.39 476,285 2,659 2,660 0.56 

p = 0.015 p = 0.0002 

The mortalities compared with previous reviews are as under : 

Europeans: First Second Third Fourth Fi!lh Sixth Seventh Eighth Ninth All nino 
(a) IGI!ed ....•.••...• 0.10 0.14 0.10 0.12 0.19 0.22 0.14 0.09 0.16 0.14 
(b) Live ............. 0.20 0.11 0.13 0.15 0.17 0.22 0.13 0.11 0.12 0.15 
(c) Heated . . . . . . • . . • . - 0.15 0.08 0.0·1 0.24 0.18 0.11 0.15 0.22 0.18 
(d) Other .. . . . . . • . .. . - 0.19 0.27 0 0 0.2-1 0.10 0.15 

Total ........ 0.17 0.13 0.10 0.1-t 0.21 0.21 0.13 0.11 0.16 

Non-Europeans : 

(a) Killed ...••.••.... 0.83 0.89 0.93 0.85 0.65 0.52 0.45 0.'11 0.42 
(b) Live ............. 1.02 0.82 0.71 0.74 0.46 0.65 0.67 0.4-l 0.33 
(d) Other •.••..•..•. : - 0.27 

Total ........ 0.84 0.88 0.78 0.83 0.62 0.5-1 . 0.48 0.42 0.39 

It appears from the combined figures that the mortality amongst 
non-Europeans is 3.7 as great as that amongst Europeans.· 

In the statistics analysed in the previous review, it was noted 
that all the values of p· found in the tables corresponding to those 
given above were greater than 0.05, and that consequently there was 
no evidence of significant differences in the efficacies of the various 
methods of treatment. In the figures relating to the present (ninth) 
review, tlrls is no longer the case, all values of P being below 0.03. 
As the figures cover a period of two years, and fonn a large propor
tion of tl1e combined figures for all nine reviews, this is reflected 

0.15 

0.57 
0.53 
0.27 

0.56 



STATISTICS ON RABIES 47 

in the combined tables relating to the whole series. The hetero
geneity in the figures relating to the ninth review is mainly due to a 
deficiency of deaths amongst Europeans treated by P!lntoni's live
phenol method, an excess amongst Europeans treated by heated 
vaccines, and a deficiency amongst non-Europeans treated by 
Fermi's vaccine. From the combined tables, it appears that, in 
the case of Europeans, the main heterogeneous elements are excessive 
deaths amongst those treated by heated vaccines and deficient 
deaths amongst those treated by killed ether and the mixed treat
ment 9(a) ; in the case of non-Europeans, the outstanding discre
pancy is the low observed figure for those treated by Fermi's vaccine. 

VI. SPECIES OF BITING ANIMAL 

The percentages of persons bitten by the di!Terent species of 
animals are as under : 

Jae- Soli- Rumi· Miss .. 
Dog Cat Wolf kal peds oant~ Other Duman ing 

1. Cords • ~ • 0 • 0 • 0 ••••• 0 0 •• 85.6 5.7 0 0.1 0.6 0.3 1.5 0.3 5.9 
2 .. Dilutions ··············· 78.5 10.2 0.4 0.1 2.9 4.4 2.1 0.5 0.9 
3. Killed phenol ........... 88.1 1.8 0.1 5.3 0.5 Q.6 1.3 0.7 1.6 

4. Live phenol ··········· 86.1 10.6 0 0 0.7 1.2 0.9 0.4 0 
5. Fermi's vacc. ·········· 8·1.4 7.4 0.5 0.1 2.2 2.9 1.8 0.6 0.2 

7. Heated ............•... 82.4 7.5 0.1 0 0.2 5.6 2.4 1.2 0.6 

8. Killed ether ··········· 80.5 5.9 0.2 0 0.7 5.9 3.1 3.6 0.1 

9. :Mixed (a) ············· 83.4 9.2 0.1 0 2.0 3.6 1.1 0.5 0 

(b) ············· 80.6 16.6 0 0 0.3 0.2 2.2 0.1 0 

(c) ············· 88.8 6.5 0.5 0.2 1.3 1.0 0.5 1.1 0.2 

Total ··········· 85.3 4.9 0.1 2.<1 0.8 2.2 1.7 1.0 1.6 

The figures relating to mortality are as follows : 
(n) Dog (b) Cal 

Number ~I or- Number l\lor-
treated Deaths tnlily treated Deaths tnlity 

% % 

1. Cords •..........•.•.. 33,108 100 0.30 2,190 0 0 

2. Dilutions ............. 9,647. 15 0.16 1,259 0 0 

3. Killed phenol ......... 118,929 379 0.32 2,497 1 0;04 

4. Live phenol 3,051 0 0 37<1 0 0 
·········· "1,547 2 0.13 

5. Fermi's v!lcc ..•....... 17,582 27 0.15 
7. Heated 39,392 96 0.24 3,595 1 0.03 

·············· 1,627 0 0 8. Killed ether ..•....... 22,111 31 0.14 
9. ?.lixed (a) 6,317 5 0.08 699 0 0 

············ 768 0 0 
(b) . 3,738 7 0.19 ············ 431 0 0 
(c) ············ 5,901 5 0.08 

Total ·········· 259,776 665 0.26 14,987 4 0.03 



48 STATISTICS ON RABIES 

(c) Wolf 

1. Cords ..•.••••••...•• 
2. Dilutions •.•......... 
3. Killed phenol ....... . 
5. Fermi's vacc. ....... . 
7. Heated •.•••........ 
8. Killed ether ........ . 
9. l\fixed (a) ••..•..•... 

(c) ••••••••••• 
10. Yatren .•••.......... 

Ninth review 
Num- Mor-
ber tality 

treated Deaths % 

0 0 0 
43 0 0 

110 8 7.27 
108 7 6.48 

51 7 13.73 
45 2 4.44 
7 0 0 

34 3 8.82 

Total .. .. .. .. .. . 398 27 6.78 

All nine reviews 
Num- Deaths Mor-

ber ---.-.-- tality 
tr~.ated Ohsemd Calculated % 

76 4 5.9 5.26 
100 11 7.8 11.00 
588 50 45.6 8.50 
113 7 8.8 6.19 
138 13 10.7 9.42 
262 17 20.3 6.4 9 
83 5 6.4 6.02 
34 3 2.6 8.82 
23 0 1.8 0 

1,417 110 109.9 7.76 

p = 0.65 

(d) Jackal 
Ninth reVIew 

Num- 1\lor-
ber tality 

treated Deaths % 
1. Cords .. .. .. .. . .. .. .. 29 0 0 
2. Dilutions .. .. .. .. .. .. 17 2 11.77 
3. Killed phenol . . . . . . . . 7, 097 92 1.30 
5. Fermi's vacc. .. .. .. .. 11 0 0 
7. Heated . .. .. .. .. .. .. 17 0 0 
8. Killed ether .. .. .. .. . 0 0 0 
9. !\fixed (a) .. .. .. .. .. . 3 0 0 

(c) ........... 15 0 0 

Total ........... 7,189 94 1.31 

All nine reviews 
Num- Deaths Mor-

ber --------- tallty 
treated Observed Caleula\ed % 

154 3 2.4 1.95 
94 2 1.4 2.13 

30,387 465 464.8 1.53 
11 0 0.2 0 
87 0 1.3 0 
4 0 0.1 0 

38 1 0.6 2.63 
15 0 0.2 0 

30,790 471 471.0 1.53 

p = 0.9 

(e) Soliped8, Ruminants, Human and 0//rer 
(The fi\!Ul'es in parentheses indicate deaths.) 

Solipeds Ruminants Other Human 
1. Cords .. .. .. .. .. .. .. .. 241 121 577 131 
2. Dilutions • .. .. .. .. .. .. 353 545 252 62 
3. Killed phenol . . . . . . . . . 689 (1) 765 1,822 (4) 1,012 
4. Live phenol . .. .. .. .. . 26 43 33 15 
5. Fermi's vacc. . . . . . . . . . 454 598 373 127 
7. Heated .. .. .. .. .. .. . . 73 2,677 1,156 561 
8. Killed ether . . . . . . . . . . 203 1,620 843 1,002 
9. llfixed (a) .. .. .. .. .. .. 153 275 82 35 

(b) .. .. .. .. .. .. 15 7 104 4 
(c) .. .. .. .. .. .. 86 64 33 70 

1\IIssing 
2,262 

106 
2,137 (2) 

0 
40 

292 
24 

0 
0 

12 

Total .......... 2,293 (1) 6,715 5,275 (4) 3,019 4,873 (2) 

Information regarding the biting animal was lacking in the case 
of 4,873 persons, of whom 2 died of rabies. . 

The death amongst those bitten by solipeds occurred at Ankara, 
the animal being an ass. Four deaths were repo~ted amongst those 
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treated by killed-phenol vaccines and bitten by" other animals". 
These were 2 foxes (Coonoor) and 2 hyenas (Kasauli). 

From the combined figures for the nine reviews, it appears that, 
of 26,802 persons bitten by solipeds and ruminants, only 3 cases 
(1 from Chosen, 1 from Tunis, and 1 from Ankara) have developed 
rabies. Of 8,581 persons who have come in contact with cases of 
human rabies, only 1 (Kasauli) has been reported as having 
contracted the diseas~. 

VII. EVIDENCE OF RABIES IN THE BITING ANIMAL 

The percentages of treated persons in the diiTerent categories are 
as follows: 

A 

1. Cords . • . • . • . . . . . . • • . . . . . . . . • . 7.4 
2. Dilutions • . . • . . . . • . . . • . . . • . . • . 14.4 
3. I<illed phenol •.•• o •••••••• o o • • 6. 7 
4. Live phenol •.......•. o ••• o o o • • 1.4 
5. Fermi's vacc ••. o ...... o....... 11.7 
7. Heated .•.•••.•••..•...... o.. 18.7 
8. Killed ether ••....... o ••• o • • • • 20.7 

0

9. Mixed (a) ..•...•.. 0 0 •• 0....... 25.8 
(b) ••••• 0 ........ 0...... 2.5 
(c). 0 •• 0 •••• 0 0 ••• 0 •• 0 0 0. 11.5 

Total •• o •••••• 0.......... 11.2 

B 

14.0 
30.4 

5.4 
78.6 
5.6 

19.4 
7.1 

30.8 
16.6 
26.7 

12.1 

c 
70.4 
37.5 
85.8 
20.0 
82.7 
58.0 
71.2 
27.6 
81.0 
61.7 

73.0 

D 

8.1 
17.8 
2.0 
0 
0 
3.9 0 

1.0 
15.7 

0 
0 

3.7 

The figures relating to mortality in the diiTerent categories are 
as under: 

Category A. 

Ninth review . All nine reviews 
II[ or- lit or-

Number tality Number tality 
treated Deaths % treated Deaths % 

1., Cords ••••.••.•. : ••.• 2,742 21 0.77 11,682 79 0.68 
2. Dilutions ..•. 0 ••••• 

0 
• 1,763 7 0.40 9,580 21 0.22 

3. Killed phenol •....•.. 8,742 22 0.25 26,056 117 0.45 
4. Live phenol ...••.•.• 50 0 0 338 0 0 
5. Fermi's vacc •........ 2,398 9 0.38 2,995 11 0.37 
6. Fermi's S.V •••.... 0 •• 24 0 0 
7. Heated 8,947 25 0.27 15,453 48 0.31 
8. Killed eth~~·::::::::: 5,694 13 0.23 14,096 33 0.23 
9. Mixed (a) ..•..••.. 0 0. 1,956 0 0 8,134 10 0.11 

(b) .••• 0 0 0 ••••• 114 0 0 774 4 0.52 
(c) ••.•..•••••• 762 2 0.26 762 2 0.26 

10. Yatren 0. o 0 •• 0 0 0 0. 0 0. 298 0 0 

Total ··········· 33,168 99 0.30 ~0,192 325 0.36 

4 
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Category B. 

Ninth review All nine reviews 
Ill or- l\Ior-

Number tallty Number tality 
treated Deaths % treated Deaths % 

1. Cords •..••.•....•..• 5,193 12 0.19 23,250 118 0.51 
2. Dilutions •..........• 3,729 8 0.21 16,703 49 0.29 
3. Killed phenol ..•..••• 7,056 22 0.31 31,043 100 0.32 
4. Live phenol ......... 2,784 0 0 3,395 2 0.06 
5. Fermi's vacc. ..•..•.. 1,153 0 0 2,969 2 0.07 
6. Fermi's S.V •...•....• 60 0 0 
7. Heated ············· 9,268 9 0.09 33,268 40 0.12 
8. Killed ether ........• 1,940 1 0.05 8,171 9 0.11 
9. llfixed (a) ........... 2,335 3 0.13 22,177 36 0.16 

(b) ··········· 769 5 0.65 830 6 0.72 
(c) ··········· 1,774 6 0.34 1,774 6 0.34 

10. Yatren ••..•••••..•.. 2,64.4 9 0.34. 

Total ··········· 36,001 66 0.18 146,284 377 0.26 

Category C. 

1. Cords .•......•.....• 26,071 67 0.26 97,168 300 0.31 2. Dilutions .••..•.•••.• 4,602 2 0.04 35,141 46 0.13 3. Killed phenol •.....•• 111,517 438 0.39 396,230 2,073 0.52 4. Live phenol •..•••..• 708 0 0 2,769 3 0.11 5. Fermi's vacc ....•...• 16,940 26 0.15 18,835 29 0.15 6. Fermi's S.V •.....•... 52 0 0 7. Heated ············· 27,704 70 0.25 84,016 167 0.20 8. Killed ether ••.••••.• 19,546 19 0.09 52,627 • 63 0.12 9. !\fixed (a) ··········· 2,093 2 0.10 14,461 11 0.08 (b) ••.•••••••• 3,753 2 0.05 5,703 4 0.07 (c) ··········· 4,097 0 0 4,097 o ·o 10. Yatren ......•.....•. 1,486 4 0.27 
Total ··········· 217,031 626 0.29 712,585 2,700 0.38 

Category D. 

1. Cords .•......•...•.. 3,001 0 0 10,804 3 0.03 . 2. Dilutions .••.•.•••... 2,190 0 0 9,142 9 0.10 3. Killed phenol ..•...•• 2,642 1 0.04 17,904 21 0.12 4. Live phenol .•...•.•. 0 0 0 98 0 0 5. Fermi's vacc .•.....•• 0 0 0 18 0 0 6. Fermi's S.V ••......•. 
0 0 0 7. Heated ············· 1,844 0 0 6,738 0 0 8. Killed ether .•..••.•. 271 0 0 13,003 0 0 9. lllixed (a) ··········· 1,187 0 0 8,163 3 0.04 (b) ••.•••••••• 0 0 0 0 0 0 (c) ··········· 0 0 0 0 0 0 10. Yatren •..•.•.......• 

956 0 0 
Total ··········· 11,135 1 0.009 66,826 36 0.05 
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Details regarding 7,187 persons, of whom 5 died of rabies, are 
lacking. · 

As in former reviews, in this and in the succeeding tables, statis
tics of the two race tyP.es-European and non-European-will 
be treated separately, as the degree of heterogeneity introduced 
where they are taken together is so great as to mask other efTects. 

The following table relates to the statistics of the two categories A 
and B taken together-that is, the statistics of those bitten by ani
mals· proved or certified to be rabid-and those of category C-that 
is, those bitten by animals suspected but not proved to be rabid
are given for the ninth and for the total of all nine reviews. 

Categories A and B (combined). 

Enropcam 

1. 'cords ...•....•...... 
2. Dilutions .•••••••.... 
3. Killed phenol •....... 
4. Live phenol 
5. Fermi's vacc. •••.•... 
6. Fermi's S.V •.... : . ..• 
7. Heated .•....•••.... 
8. Killed ether ........ . 
9. :Mixed (a) ......... .. 

(b) ••.•••••.•• 
(c) ••••..•..•. 

10. Yatren ....... , ..... . 

Total 

Non-Europeam 

1. Cords .............. . 
2. Dilutions ........... . 
3. Killed phenol ....•... 
5. Fermi's vacc •.......• 

Total •• ,, ...... . 

Nlnllt review 

Number 
treated Deaths 

1,112 2 
5,492 15 

10,002 19 
2,83•1 0 
2,446 5 

18,215 34 
7,634 14 
4,291 3 

883 5 
2,536 8 

55,445 105 

Mor
tality 

% 
0.18 
0.27 
0.19 
0 
0.20 

0.19 
0.18 
0,07 
0.57 
0.32 

0.19 

1,899 

3,881 
0 

20 1.05 

19 0.49 
0 0 

5,780 39 0.67 

All nine reviews 
Deaths Mar-

Number ---.--- tality 
treated Obserred Calculated % 

11,066 20 22 0.18 
28,005 70 55 0.25 
30,130 59 59 0.20 

4, 039 3 8 0,07 
4,041 9 8 0.22 

84 0 0.16 0 
49,731 91 98 0.18 
25,265 49 50 0.19 
33,239 50 65 0.15 

1,604 10 3 0.06 
2,536 8 5 0.32 
2,942 9 6 0.31 

192,682 

5,038 
474 

14,794 
0 

20,306 

378 379 

p = 0.0005 

64 37 
2 3 

82 108 
0 0 

148 148 

p = 0.000001 

0.20 

1.27 
0.42 

. 0.54 
0 

0.73 
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Categdry C. 
Ninth review All nine reviews 

Mor- Deaths l\lor-
Number tnlity Number -------- tnlity 

Olismed Calrulated Europe<UI& treated Deaths % treated % 

1. Cords ••••.....•...•• 8,424 1 0.03 17,030 16 25 0.09 
2. Dilutions .......••... 4,602 2 0.04 '33,934 37 50 0.11 
3. Killed phenol • , ...•.• 14,254 34 0.24 41,703 84 62 0.20 
4. Live phenol ......... 708 0 0 2,769 3 4 0.11 
5. Fermi's vacc. •.•..... 8,037 4 0.05 9,937 7 15 0.07 
6. Fermi's S.V ••.•..••.• 52 0 0.08 0 
7. Heated ............. 27,704 70 0.25 84,016 167 124' 0.20 
8. Killed ether ......... 19,546 19 0.10 52,627 63 78 0.12 
9. ?.fixed (a) ........... 2,093 2 0.10 14,461 11 21 0.08 

(b) ··········· 3,753 2 0.05 5,703 4 8 0.07 
(c) ........... 4,097 0 0 4,097 0 6 0 

10. Yatren .............. 1,486 4 2 0.27 

Total ........... 88,218 134 0.15 267,815 396 395 0.15 
p = 0.000001 

Non-Europe<U~& 

1. Cords ............... 10,917 3.1 0.28 26,299 100 134 0.38 
2. Dilutions ............ 680 0 8.5 0 
3. Killed phenol ........ 90,668 386 0.42 260,466- 1,3611,325 0.52 
5. Fermi's vacc. •...••.. 9 1 11.11 9 1 0.05 11.11 

-----
Total .. ~ ........ 101,594 418 0.41 287,454 1,462 1,462 

p = 0.003 

The values of P now obtained are all significant. 
In the following table, categories A, B and C are combined. The 

dilT.erence between this and that in Section V is simply that ·cate
gory D-that is, those bitten by dogs not suspected to be rabid
is excluded. 

Total, excluding Category D. 

Europe<U~& 

1. Cords ....................... . 
2. Dilutions •.•......•......•.... 
3. Killed phenol ................ . 
4. Live phenol ................. . 
5. Fermi's vacc. •....•.....•..•.. 
6. Fermi's S.V. . .............. .. 
7." Heated ••••••..••.........•.. 
8. Killed ether ................ .. 
9. Mixed (a) ................... . 

(b) .•..••••....•.•..•.. 
(c) ••...••••••....••••. 

10. Yatren •...•.••••............. 

All nine reviews 
Deaths 

Number ------- 1\Iortality 
treated Observed Calculated % 

28,096 36 47 0.13 
61,939 107 104 0.17 
71,833 143 121 0.20 
6,808 6 11 0.09 

13,978 16 23 0.11 
136 0 0.2 0 

133,747 258 225 0.19 
77,892 112 131 0.14 
47,700 61 80 0.13 
7,307 14 12 0.19 
6,633 8 11 0.12 
4,428 13 7 0.29 

Total .................... 460,497 · 774 772 0.17 

p = 0.001 

0.51 
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All nine reviews 

Non-Europeans 
Number 
treated 

Deaths 
------ lltortality 
Observed Calculated % 

1. Cords •••..•.•..••.....•••••.. 
2. Dilutions ...••..••••.......... 
3. Killed phenol ..•••..•••..•...• 
5. Fermi's vacc ................. . 

31,337 
1,154 

275,260 
9 

164 164 0.52 
2 6 0.17 

1,4•13 1,440 0.52 
1 0.05 11.11 

Tolal .................... 307,760 1,610 1,610 0.52 

p = 0.25 

Also in the abbreviated form of classification : 

Europeans 

(a) Killed .. .. . .. .. .. .. .. .. .. .. .. 1-19,725 
(b) Live • • • . . . . . . • • • . . . . • • • • . . .. 151,850 
(c) Healed . . . . . . . . . . . . . . . . . . . . . . 133,7-17 
(cl) Olher . . . . . . .. . . . . • . . . . . . . . . . 25,175 

Total • . . . . • • • . . . • • . . . . . . . ·160,497 

Non·Buropean.t. 

(a) Killed ........•.............• 
(b) Live ..••••.........••••••••. 
(d) Other ........•.•............ 

275,260 
32,491 

9 

255 
22-l 
258 
37 

774 

252 
255 
225 

42 

774 

p = 0,025 

1,H3 
166 

1 

1,440 
170 

0.05 

0.17 
• 0.15 

0.19 
0.15 

0.17 

0.52 
0.51 

11.11 

. Total . . .. .. .. .. ..... .. .. .. 307,760 1,610 1,610 0.52 

p = 0.8 

It is to be noted that the values of the Ps for categories A, B 
and C are higher than those for categories A and B alone. Thus 
the inclusion of category C has tended to decrease the evidence of 
heterogeneity amongst the different treatment groups. Also the 
values of the Ps in the above table are lower than those in the table 
for all cases in Section V, and so the exclusion of category D has also 
led to a decrease in the evidence of heterogeneity. As in the pre
vious review, one is led to the conclusion that the important line 
of demarcation is between those suspected of rabies and those nol 
suspected of rabies. ·In other words, that entrance into category C 
is a very strong indication that the biting animal was rabid. This 
is not to be wondered at, as the judgment in this case depends upon 
the decision, arrived at from the evidence, by the director of a 
Pasteur institute. 

The significance of these results will be further discussed in the 
summary and conclusions in section XIII: 
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VIII. SEVERITY OF BITE 

The percentage proportions in the several groups are : 

No visible 
Deep Superficial lesion 

1. Cords •.•••.••.••....•..•...•. 
2. Dilutions ••........•.•........ 
3. Killed phenol •................ 
4. Live phenol ••................ 
5. Fermi's vacc. .•......•........ 
7. Heated •••••..•.............. 
8. Killed ether •...•.........••.. 
9. Mixed (a) ....•..•............ 

(b) ••.••.••.•.•..•.•••. 
(c) ................... . 

Total ................... . 

27.7 
15.4 
48.0 
32.5 
26.9 
14.6 
19.3 
16.6 
5.6 

65.6 

35.5 

57.1 
63.8 . 
45.1 
67.2 
61.3 
74.6 
46.2 
53.2 
94.4 
26.8 

51.8 

15.2 
20.9 

6.8 
0.3 

11.8 
10.6 
34.6 
30.3 
0 
7.6 

12.7 

The percentages with no visible lesion of those treated by dilu
tions, killed ether and mixed (a) (dilution and Alivisatos) are rather 
high (vide also the sixth, seventh and eighth reviews). 

The figures relating to mortality are as follows 

(a) Deep \ 
Number Hortolity 
treated Deaths % 

1. Cords • . . . • .. .. • • . • . . 10,640 84 0.78 
2. Dilutions . . . . . . . • . . . • 1,888 13 0.69 
3. Killed phenol·. . . . . • . . 63,422 382 0.60 
4. Live phenol .. .. .. .. . 1,153 0 0 
5. Fermi's vacc. . . • . . . . • 4,907 28 0.57 
7. Heated .. .. . .. .. .. .. 3,514 36 1.02 
8. Killed ether . . . . . . . . . 5,296 24 0.45 
9. :Mixed (a) .. .. . .. . • .. 1,255 5 0.40 

(b) • • • • • • • • • • • 107 2 1.87 
(c) . . . • . . • . .. • 4,358 8 0.18 

Total . .. .. . • • • .. 96,540 582 0.60 

(b) Superficial 
Number Kortalicy 
treated Death• % 
21,891 16 O.Q7 

7,827 4 0.05 
59,620 101 0.17 

2,380 0 0 
11,180 8 0.07 
17,905 24 0.13 
12,682 9 0.07 
4,025 0 0 
1,793 1 0.56 
1,778 0 0 

141,081 163 0.12 

(c) No uisible 
lesion 

Number 
treated Death:; 

5,806 0 
2,566 0 
9,045 2 

9 0 
2,156 0 
2,593 0 
9,491 0 
2,291 0 

0 0 
508 0 

34,465 2 

Information was n"ot available regarding ~2,439 persons, of whom 
50 died of rabies. 
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The statistics subdivided according to. race type are as follows : 

(a) Deep 
Ninth review 

Jllor-

Europeans 
Number tnlity 
treated Deaths . % 

1. Cords ••.•••.....•... 1,446 3 0.21 
2. Dilutions .•••.••..•.. 1,888 13 0.69 
3. Killed phenol ......•. 3,230 32 0.99 
4. Live phenol 1,153 0 0 
5. Fermi's vacc •...••..• 2,573 10 0.39 
6. Fermi's S.V ••........ 
7. Heated ••..•...•••.• 3,514 36 1.02 
8. Killed ether ........ . 5,296 24 0.45 
9. Mixed (a) .......... . 1,255 5 0.40 

(b) .......... . 107 2 1.87 
(c) • ••.• • ••••• 4,358 8 0.18 

10. Yatren ............. . 

Total .. .. .. .. .. . 24,820 133 

Non-Europeans 

1. Cords .•.........•... 
3. Killed phenol •.....•• 
5. Fermi's vacc. •.•••..• 

Total 

Europeans 

1. Cords •.•••••.......• 
2. Dilutions .......... .. 
3. Killed. phenol ••....•• 
4. Live phenol ......... 
5. Fermi's vacc. ....••.. 
6. Fermi's S.V •....••..• 
7. Heated •.......•.... 
8. Killed ether ........ . 
9. Mixed (a) .......... . 

(b) ••..••••.•. 
(c) •••.••..••. 

10. Yatren ..•.....•..•.. 

2,877 
58,004 

8 

60,889 

40 1.39 
334 0.58 

1 12.50 

375 0.62 

(b) Superficial. 
Ninth review 

Number 
treated 

2,080 
7,827 

17,128 
2,380 
3,757 

17,905 
12,682 
4,025 
1,793 
.1,778 

Mor
tality 

Deaths % 

0 
4 

20 
0 
0 

0 
0.05 

0 

24 0.13 
9 0,07 
0 0 
1 0.56 
0 0 

Total .. . . . .. .. . . 71,355 58 

Non-Europeam 

1. Cords ••.•....•....•. 
3. Killed phenol ....... . 
5. Fermi's vacc. ....... . 

10,511 
35,127 

1 

Total .. .. .. .. .. . 45,639 

11 
72 

0 

0.10 
0.20 
0 

83 0.18 

Number 
treated 

6,775 
12,347 
12,427 
2,074 
3,750 

22 
19,508 
18,289 
15,923 

226 
4,358 

187 

95,886 

All nine reviews 
Deaths 

Obsemd Caiculoted 

30 35 
91 64 

107 65 
3 11 

17 20 
0 0.1 

108 102 
78 95 
47 83 
3 1 
8 23 
7 1 

499 500 

Mor
tality 

% 
0.44 
0.74 
0.86 
0.14 
0.45 
0 
0.55 
0.43 
0.30 
1.33 
0.18 
3.74 

0.52 
P > 1 in a million. 

6,013 
170,311 

8 

115 45 1.91 
1,215 1,286 0. 71 

1 0.06 12.50 

176,332 1,331 1,331 
P > lin a million. 

All nine reviews 
Deaths 

Number ----..,........ 
treated Ob<med Calculated 

21,018 10 18 
40,347 29 34 
44,946 35 37 

4,535 3 4 
5,856 0 5 

339 0 0.3 
88,320 104 74 
50,307 3•1 42 
29,731 18 25 
4,345 7 4 
1,778, 0 1 
3,334 6 3 

29•1,856 246 2•17 
p = 0.002 

23,409 
110,166 

1 

39 54 
268 253 

0 0 

133,576 307 307 
p = 0.024 

0.75 

~Ior
taiity • 

% 
0.05 
0.07 
0.12 
0.07 
0 
0 
0.12 
0.07 
0.06 
0.16 
0 
0.18 

0.08 

0.17 
0.24 
0 

0.23 
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It will be seen that all the values of P in the above tables are less 
than 0.05, and so indicate the presence af heterogeneity. There 
can be no doubt, as was noted in previous reviews, that the inter
pretation of the phrase " severely bitten " varies greatly in the 
different institutes. So much is this so that the only information 
to be gained from this section which is of any value at all is with 
regard to those showing " no visible lesion". In the following 
table, persons with " no visible lesion " have been excluded. 

(c) Deep and Superficial Combined. 

All nine reviews 
Deaths 

Europfmll3 
Number ----...-- Mortality 
treated Observed Calculated % 

1. Cords ....•.......•..•.•... 27,793 40 53 0.14 
2. Dilutions ..•.••............ 
3. IGlled p,hcnol ..........•... 
4. Live phenol .............. . 
5. Fermi's vacc ........•...... 
6. Fermi's S.V. . ............ . 

52,69·1 120 100 0.23 
57,373 142 109 0.25 
6,609 6 13 0.09 
9,606 17 18 0.18 

361 0 0.7 0 
7. Heated .•..•••.•.•..•.•... 
8. IGlled ether .............. . 
9. :Mixed (a) ................ . 

(b) ................ . 
(c) ••••••.•••••••••• 

10. Yatren ................... . 

107,828 212 206 0.20 
68,596 112 131 0.16 
45,654 65 87 0.14 

4,571 10 9 0.22 
6,136 8 12 0.13 
3,521 13 7 0.37 

Total ................ . 390,742 745 746 0.19 

Non-Europeans 
p = 0.0000,1 

1. Cords ................... .. 
3. IGlled phenol .. : •....•....• 
5. Fermi's vacc ............. .. 

29,422 154 156 0.52 
280,477 1,483 1,482 0.53 

9 ]. 0.05 11.11 

Total ................ . 309,908 1,638 1,638 0.53 
P = 1.0 (approximately) 

·The above table differs from that given in section V only in the 
fact that from this table the statistics regarding those showing 
" no "!sible lesion " have been excluded. In the European group, 
there is evidence of heterogeneity, whereas in the non-European 
group, there is none. · 

Finally, it appears that for the deeply bitten the mortality 
amongst non-Europeans is -about 1.4 times as great as ·amongst 
Europeans, whilst for those superficially bitten the ratio is about · 
3 times. Also amongst Europeans, the mortality from deep bites 
is 6.5 times as great as from superficial, whilst in the case of non
Europeans, it i~ 3.3 times as great. 
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IX. INTERVENTION OF CLOTHING 

The section relating to the eiTect of intervention of clothing has 
been discontinued. The statistics deall with in the fifth, sixth, 
seventh and eighth reviews showed that amongst Europeans inter
vention of clothing reduced mortality to about a seventh or ~m 
eighth, and amongst non-Europeans to . a third or two-fifths. 
Beyond the fact that the clothing of the European is more protective 
than that of the non-European, there does not seem to be anything 
to be learnt from this source. 

X. POSITION OF BITE 

The percentage of those bitten in the various positions are as 
follows : · 

Head Arm Trunk Leg 
1. Cords ................... •1.8 38.3 5.5 51.3 
2. Dilutions ............... 6.1 •19.1 3.8 41.0 
3. Killed phc.nol ....•...... 7.2 34.3 3.9 54.5 
4. Live phenol _ ..••..•.•..• 7.5 51.0 4.2 37.3 
5. Fer1ni's vacc . ........... 6.3 47.8 2.8 43.1 
7. Healed ················ 6.2 51.3 4.2 38.3 
8. Killed ether ............ 6.2 40.9 3.5 49.5 
9. :Mixed (a) .............. 4.4 49.5 15.2 30.9 

(b) .............. 4.6 61.2 1.7 32.5 
(c) ............... 6.6 41.9 3.1 •18.3 

Total .............. 6.5 39.9 4.2 49.4 

The figures relating to mortality are as follows: 
(a) Head (b) Arm 

l\Ior- ~I or--
Number Ia lily Number tality 
treated Deaths % treated Deaths % 

1. Cords ............... 1,778 •16 2.59 14,132 30 0.21 
2. Dilutions ............ 619 7 1.13 4,962 9 0.18 
3. Killed phenol ....•.•. 9,356 146 1.56 44,415 168 0.38 
4. Live phenol •........ 266 0 0 1,805 0 0 
5. Fermi's vncc •... : . ... 1,304 23 1.76 9,859 9 0.09 
7. Healed 1,596 25 1.57 13,2<17 30 0.23 ············· 7,386 19 0.26 8. Killed ether ....•...• 1,117 14 1.25 
9. Mixed (a) 249 2 0.93 2,819 3 0.11 ··········· 0.47 2,835 5 0.18 (b) •••••• ' •••• 214 1 

441 6 1.36 2,787 2 0.07 (c) ··········· 
Total ........... 16,940 270 1.59 104,247 275 0.26 
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(c) Trunk (d) Leg 

l\lor- Jllor-
Number tallty Number tnllty 
treated Deaths % treated Deaths % 

1. Cords •••...•.••.•••• 2,019 2 0.10 18,925 22 0.12 
2. Dilutions ............ 381 0 0 4,140 1 0.02 
3. Killed phenol ••••••.. 5,045 10 0.20 70,546 156 0.22 
4. Live phenol ......... 148 0 0 1,323 0 0 
5. Fermi's vacc. . •..•..• 569 1 0.18 8,881 3 0.34 
7. Heated ············· 1,077 1 0.09 9,887 12 0.12 
8. Killed ether ......... 623 0 0 8,933 0 0 
9. llfixed (a) ....•.••.•• 864 0 0 1,758 0 0 

(b) ........... 78 0 0 1,509 1 0.07 
(c) ••••••••••• 209 0 0 3,209 o· 0 

Total ........... 11,013 14 0.13 129,111 195 0.15 

Information regarding 43,214 persons, of whom 43 died of rabi~s, 
was not available. 

The statistics subdivided according to race type are as follows : 

(a) Head. 

Ninth review All nine reviews 
l\Ior- Deaths Mor-

Number tality Number tnllty Europeans treated Deaths % treated Obsmed Calculated % 
1. Cords .....•.•.•..•.. 283 2 0.71 1,939 14 25 0.72 
2. Dilutions •..••••••••• 619 7 1.13 4,756 68 61 1.43 
3. Killed phenol .••..•.. 1,358 15 1.10 4,504 56 58 1.24 
4. Live phenol ......... 266 0 0 469 2 6 0.43 
5. Fermi's vaec. •••••••. 703 7 1.00 1,052 15 14 1.43 
6. Fermi's S.V ••••••••.• 19 0 0.2 0 7. Heated ············· 1,596 -25 1.57 6,042 95 78 1.57 
8. Killed ether ......... 1,117 14 1.25 4,247 58 55 1.37 9. Mixed (a) ........... 249 2 0.80 2,786 22 36 0.79 

(b) .•••••••••• 214 1 0.47 331 3 4 0.91 
(c) ........... 441 6 1.36 441 6 6 1.36 10. Yatren .............. 180 6 2 :!.33 

Total ........... 6,846 79 1.15 26,766 345 345 1.29 

p = 0.006 

Non-Europe<UI8 

1. Cords ....•..•..••••. 536 23 4.29 1,314 72 46 5.48 2. Dilutions ............ 48 1 2 2.08 3. Killed phenol ........ 4,866 128 2.63 14,549 479 506 3.29 5. Fermi's vace ••.••.... 4 1 25.00 4 1 0.1 25.00 

Total ........... 5,406 152 2.81 15,915 553 554 3.47 

p = 0.0003 
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(b) Arm. 
Ninth review All nine reviews 

lllor- Deaths 1\lor-Number tnlity Number ----- tallty 
Europeans trenled Deaths % treated OL!erved Caicuialed % 

1. Cords .•..••••••••.•• 3,308 0 0 20,126 19 30 0.09 
2. Dilutions ••.••..•••.• 4,962 9 0.18 40,403 56 60 0.14 
3. Killed phenol ••..••.• 12,934 28 0.22 43,080 67 64 0.16 
4. Live phenol ......... 1,805 0 0 3,504 3 5 0.09 
5. Fermi's vacc •.••••.•• 6,191 3 0.05 8,605 4 13 0.05 
6. Fermi's S.V •.••.•••.• 231 0 0.3 0 
7. Heated ............. 13,2·17 30 0.23 47,399 89 70 0.19 
8. Killed ether ....••••• 7,386 19 0.26 26,403 53 39 0.20 
9. :Mixed (a) ........... 2,819 3 0.11 28,087 30 42 0.11 

(b) ........... 2,835 5 0.18 4,352 10 6 0.23 
(c) ........... 2,787 2 0.07 2,787 2 4 O.D7 

10. Yatren .......•..•..• 3,393 5 5 0.15 

Total ........... 58,274 99 0.17 228,370 338 338 0.15 
p = 0.0015 

,lttlon-Europeall3 
1. Cords ••..••..•...... 3,095 11 0.36 7,291 37 39 0.51 
2. Dilutions ....••.••••. 408 1 2 0.25 
3. Killed phenol ........ 28,012 131 0.47 85,062 460 457 0.54 
5. Fermi's vacc •••...••• 2 0 0 2 0 0 0 

Total ........... 31,109 142 0.46 92,763 498 498 0.53 
p = 0.8 

(c) Trunk. 
Ninth review All nine reviews 

~lor- Deaths ll!or-
Number· tnlity Number --..--- tnllly 

Europeans treated Deaths % treated Observed Calculated % 

1. Cords ••..•••......•. 151 0 0 806 0 0 
2. Dilutions .•••........ 381 0 0 1,794 0 0 
3. Killed phenol •....... 958 0 0 2,384 0 0 
4. Live phenol .•••..•.. 148 0 0 319 0 0 
5. Fermi's vacc •...•.... 194 0 0 564 0 0 
6. Fermi's S.V •.•..••... 15 0 0 
7. Heated 1,077 1 0.09 6,028 1 0.02 
8. Killed etit~~·::::::::: 623 0 0 ·2,948 0 0 
9. Mixed (a) ··········· 864 0 0 2,588 3 0.12 

(b) ··········· 78 0 0 236 0 0 
(c) ··········· 209 0 0 209 0 0 

10. Yatrcn ..•...••.••... 112 0 0 

Total ...••...••. 4,683 0.02 18,003 4 0.02 

Non-Europeans 

1. Cords ••.....••....•. 947 1 0.11 2,114 6 5 0.28 
2. Dilutions •........... 101 0 0.2 0 
3. Killed phenol •.•••... 3,638 8 0.22 10,793 23 24 0.21 
5. Fermi's vacc •. · ...•... 1 0 0 1 0 0 0 

Total ··········· 4,586 9 0.20 13,009 29 29 0.22 
p = 0.68 
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(d) Leg. 

Ninth review All nino reviews 
Deaths ll!or-lllor-

Number tality Number ----- t:llity 
treated Observed Calculated % 

EuropeaiiS treated Deaths % 
1,091 1 0.09 9,897 9 5 0.09 

1. Cords ......••.•••... 
4,140 1 0.02 23,362 15 11 0.06 

2. Dilutions ..••••.....• 
7,482 6 0.08 23,542 16 11 om 

3. Killed phenol •....... 
4. Live phenol ...•..... 1,323 0 0 2,677 1 1 0.04 

3,514 0 0 5,816 1 3 0.02 5. Fermi's vacc. ..•..... 
122 0 0.06 0 6. Fermi's S.V •..•...... 

12 0.12 39,105 2-1 :!9 0.06 
7. Heated ············· 9,887 

35,244 1 17 0.003 8. Killed ether ..•.•.... 8,933 0 0 
9. Jllixed (a) 1,758 0 0 20,339 10 10 0.05 

··········· 1 O.o7 2,388 1 1 0.04 (b) ••.•••..••• 1,509 
(c) 3,209· 0 0 3,209 0 2 0 ........... 

1,699 2 1 0.12 10. Yatrcn .............. 
-J 

Total ........... 42,846 21 0.05 167,400 so 81 0.05 

p = 0.002 
]t.lon-Europcans 

1. Cords .....•......... 9,672 16 0.17 21,136 40 58 0.19 
2. Dilutions ............ 597 0 2 0 
3. Killed phenol ...•.... 59,407 138 0.23 162,501 <164 445 0.29 
5. Fermi's vacc •.•...... 2 0 0 2 0 0 0 

----
Total ........... 69,081 154 0.22 184,236 504 505 0.27 

• p = 0.018 

The values of Pin the above tables give evidence of heterogeneity, 
except in the cases of arm and trunk bites, amongst non-Europeans. 
The following points of detail may be noted : 

(1) Head bites.-Amongst Europeans, the disturbing factors are 
a d!!fective mortality amongst those treated by ldlled-.ether vaccine 
and an excessive mortality amongst those treated by Yatren vac
cine. Amongst non:Europeans, disturbance is due to an excessive 
mortality amongst those treated by cords. 

(2) Arm bites.-Amongst Europeans, the disturbing factors are 
defective mortalities amongst those treated by Fermi and mixed (a) 
methods, and excessive mortalities amongst those treated by heated 
and killed-ether vaccines. 

(3) Leg bites.-The disturbance in the European table is almost 
entirely due to the anomalously low mortality amongst those 
treated by the killed-ether method (1 fatal case amongst 35,224 per
sons treated during the period covered by the nine reviews, as com
pared with an expected 17). This curious feature has been referred 
to in previous reviews, and no explanation is as yet forthcoming. 
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Amongst non-Europeans, tl1e disturbance arises from a defective 
mortality amongst those treated by cords. 

The mortalities for the two race types classified according to 
position are as follows : 

Europeans 

1.29 
0.15 
0.02 
0.05 

Non-Europeans 

3.-17 

Non-European mortality 
Ratio:------~------~ 

European mortality 
Head ......•... 2.7 
Arm ......... . 0.53 3.5 
Trunk .•......• 0.22 11.0 
Leg .......... . 0.22 4.4 

Also the mortalities of those bitten on head, arm, trunk and leg 
are for Europeans in the ratios of 100: 12: 2: 4, and for non-Euro
peans of 100 : 15 : 6 : 8. 

XI. DELAY IN COMMENCING TREATMENT 

The percentage proportions of those commencing treatment 
during the various periods are as follows : 

1. Cords ................. . 
2. Dilutions .............. . 
3. Killed phenol .......... . 
4. Live phenol .......... .. 
5. Fermi's vacc •........... 
7. Heated ..............•. 
8. Killed ether .......... .. 
9. lllixed (a) ............. . 

(b) •••••••••••••• 
(c) ••••........•• 

Total ............ .. 

0 to 4 days 
58.1 
56.4 
66.1 
56.8 
73.2 
68.6 
65.6 
46.3 
74.8 
38.3 

64.0 

5 to 7 days 

23.7 
'19.9 
16.8 
22.5 
14.5 
19.4 
15.8 
25.5 
14.0 
26.7 

18.3 

The figures relating to mortality are : 
(n) 0 to 4 days 

1\IOJ·-
Number tality 
treated Deaths % 

1. Cords .....•..•...... 22,257 61 0.27 
2. Dilutions ............ 6,931 13 0.19 
3. Killed phenol ....•... 86,799 306 0.35 
4. Live phenol ......... 2,013 0 0 
5. Fermi's vacc •.•...... 15,150 32 0.21 
7. Heated ············· 20,422 65 0.32 
8. Killed ether ......... 18,004 30 0.17 
9. Mixed (a) ........... 3,504 4 0.12 

(b) ........... 3,469 6 0.16 
(c) ........... 2,491 4 0.16 

Total ··········· 181,0•10 521 0.29 

8 to 14 days 
12.7 
16.9 
11.4 
14.8 

8.5 
9.2 

11.0 
19.5 
8.5 

23.2 

11.8 

More than 
14 days 

5.9 
6.7 
6.3 
5.8 
3.9 
2.8 
7.6 
8.8 
2.6 

11.8 

6.0 

(b) 5 lo 7 days 
1\Ior-

Number tality 
treated Deaths % 

9,075 18 ·0.20 
2,444 1 0.04 

22,111 66 0.30 
798 0 0 

2,993 4 0.13 
5,774 12 0.21 
4,342 2 0.05 
1,927 1 0.05 

651 1 0.15 
1,739 3 0.17 

51,854 108 0.21 
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(c) 8 to 14 days (d) More than 14 days 

l\for- Mor-
Number talily Number tality 
treated Deaths % treated Deaths % 

1. Cords .•••....••.•••• 4,884 10 0.20 2,256 11 0.49 

2. Dilutions ••....•..... 2,077 2 0.10 820 1 0.12 

3. Killed phenol .•...••• 15,016 56 0.37 8,274 56 0.68 

4. Live phenol ....•.... 525 0 0 206 0 0 

5. Fermi's vacc •.....••• 1,752 0 0 810 0 0 

7. Heated 2,746 0 0 836 1 0.12 ············· 2,094 0 0 8. Killed ether .......•. 3,029 1 0.03 
9. Mixed (a) ........... 1,473 0 0 667 0 0 

(b) ••••••••••• 395 0 0 121 0 0 
(c) ··········· 1,513 1 O.o7 769 0 0 

Total ........... 33,410 70 0.21 16,853 69 0.41 

Information was not available regarding 21,368 persons, of. 

whom 29 died. 
The figures subdivided according to race type are as under : 

(a) 0 to 4 days 

Ninth review All nine reviews 
Mor- Deaths Mor-

Number tality Number ------- tality 
Eruopeans treated Deaths % treated Obsemd Cal<ulated % 

1. Cords •.......•.•...• 2,246 2 0.09 18,048 28 34 0.16 
2. Dilutions ............ 6,931 13 0.19 41,089 94 78 0.23 
3. Killed phenol .......• 14,913 43 0.29 47,748 111 91 0.27 
4. Live phenol ..•...•.. 2,013 0 0 3,980 5 8 0.13 
5. Fermi's vacc. ...•.... 6,785 9 0.13 9,426 16 18 0.17 
6. Fermi's S.V ••........ 234 0 0.4 0 
7. Heated ············· 20,422 65 0.32 72,945 145 138 0.20 
8. Killed ether ......... 18,004 30 0.17 64,372 99 122 0.15 
9. Mixed (a) ........... 3,504 4 0.11 29,401 41 58 0.14 

(b) .•.•.••.••• 3,469 6 0.17 5,516 13 10 0.24 
(c) ••••••••••• 2,491 4 0.16 2,491 4 5 0.16 

10. Yatren .............. 2,080 8 ~ 0.38 

Total ........... 80,778 176 0.22 297,330 564 566 0.19 

p = 0.029 

Non-Eruopeans 
1. Cords ..••.•••••••..• 8,997 29 0.32 18,99& 79 88 0.42 
2. Dilutions ...••••....• 801 0 4 0 
3. Killed phenol ..•..••. 63,506 249 0.39 185,629 877 864 0.47 
5. Fermi's vacc. . •••..•• 6 0 0 6 0 0 

. 
Total ........... 72,5~9 278 0.38 205,431 956 956 0.47 

p = 0.15 
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Europeans 

1. Cords ..•.••..•...... 
2. Dilutions ........... . 
3. Killed phenol ......•. 
4. Live phenol ....... .. 
5. Fermi's vaec ........ . 
6. Fermi's S.V ••........ 
7. Heated ............ .. 
8. Killed ether ....... .. 
9. 1\iixed (a) .......... . 

(b) .••••.••••• 
(c) ..••.••.••• 

10. Yatren .•............ 

(b~ 5 to 7 days. 

Ninth review 

Number 
treated 

1,197 
2,444 
5,272 

798 
2,083 

lllor
tality 

Deatbs % 

0 0 
1 0.04 
1 0.02 
0 0 
1 0.05 

5,774 12 0.21 
4,342 2 0.04 
1,927 1 0.05 

651 1 0.15 
1,739 3 0.17 

Total .. . . . . . .. .. 26,227 22 0.08 

Non-Europeans 

1. Cords • . . . • • . . • . . . . • . 3,420 
2. Dilutions .......... .. 
3. Killed phenol . . . . . . . . 15.456 
5. Fermi's vaec. • • . . • • • • 2 

Total . . . .. .. • . . . 18,878 

7 0.20 

64 0.41 
1 50.00 

72 0.38 

(c) 8 to 14 days. 

Europeans 

1. Cords .•.•••....•...• 
2. Dilutions ........... . 
3. Killed phenol .•...... 
4. Live phenol ......... 
5. Fermi's vacc ......•.. 
6. Fermi's S.V •......... 
7. Heated ............ . 
8. Killed ether ....... .. 
9. ll'lixed (a) ......... .. 

(b) .......... . 
(c) •...•.••.•• 

10. Yatren ............ .. 

Ninth review 

Number 
treated 

929 
2,077 
3,452 

525 
1,326 

lllor
tality 

Deaths % 
1 0.11 
2 0.\0 
5 0.14 
0 0 
0 0 

2,746 0 0 
3,029 1 0.03 
1,473 0 0 

395 0 0 
1,513 1 0.07 

Total ........... 17,465 10 0.06 

Non-Europeans 

1. Cords . . . • • . . . . . . • • . . 1,425 
2. Dilutions .......... .. 
3. Killed phenol . . . . • . • . 10,599 
5. Fermi's vacc. . . . . . . • • 1 

Total • . . • • • • • • • • 12,025 

4 0.28 

49 0.46 
0 0 

53 0.44 

All nine reviews 
Deaths lllor-

Number ~ tality 
treated Obsemd Calculated % 

6,511 7 7 0.11 
16,426 24 17 0.15 
14,778 9 15 0.06 

1,424 1 1 0.07 
3,041 2 3 0.07 

80 0 0.08 0 
23,669 29 25 0.12 
13,321 6 14 0.05 
13,383 15 14 0.11 

986 1 1 0.10 
1,739 3 2 0.17 
1,500 4 2 0.27 

96,858 101 101 
p = 0.2 

0.10 

7,857 
129 

49,861 
2 

34 37 0.43 
0 0.6 0 

235 233 0.47 
1 0 50.00 

57,849 270 270 
p == 0.6 

All nine reviews 
Deaths Number _...._,___ 

treated Obsmed Colrulaled 

5,761 4 4 
11,384 10 8 
9,913 14 7 
1,063 0 0.8 
1,935 0 1.4 

64 0 0.05 
9,884 4 7 
7,968 6 6 
9,669 6 7 

622 0 0.5 
1,513 1 1.1 
1,189 0 0.9 

60,965 45 44 
p = 0.12 

0.47 

ll!or
lallty 

% 
O.o7 
0.09 
0.14 
0 
0 
0 
0.04 
0.07 
0.06 
0 
0.07 
0 

O.o7 

3,517 
101 

33,422 
1 

14 18 0.39 
0 0.5 0 

172 168 0.51 
0 0 0 

37,041 186 186 0.50 
p = 0.45 
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(d) More than 14 days. 

Ninth review All nine reviews 
Mor- Deaths . l\Ior-

Number tnlily Nu~nber --------- lnlity 

European.s treated Deaths % treated Ol$erred Calculated % 

1. Cords •.•.•........•• 338 0 0 1,803 1 2 0.06 

2. Dilutions ............ 820 1 0.12 4,824 10 6 0.21 

3. Killed phenol ••..•.•. 1,382 4 0.29 4,234 11 5 0 

4. Live phenol ········· 206 0 0 502 0 0.6 0 

5. Fermi's vacc. •••••.•• 509 0 0 795 0 0.9 0 

6. Fermi's S. V. . •..•..•. 12 0 0.02 0 

7. Heated ············· 836 1 0.12 3,051 4 4 0.13 
8. Killed ether ......... 2,094 0 0 5,252 1 6 0.02 
9. lllixed (a) ........... 667 0 0 4,326 3 5 0.07 

(b) ··········· 121 0 0 183 0 0.2 0 
(c) ........... 769 0 0 769 0 0.9 0 

10. Yntren ..•......•••.. 615 1 0.7 0.16 

Total ........... 7,742 6 0.08 26,366 31 31 0.12 

p = 0.009 

Non-Europeans 

1. Cords ......•••..•••• 694 11 1.60 1,799 28 20 1.56 
2. Dilutions ............ 123 2 1.3 1.63 
3. Killed phenol •..•...• 6,273 44 0.70 19,105 198 207 1.04 

Total ........... 6,967 55 0.79 21,027 228 228.3 1.08 
p = 0.14 

The only evidences of heterogeneity in the above tables are found 
in the groups: (a) Europeans arriving within 4 days, and (b) Euro
peans arriving later than 14 days. The main disturbing factors in 
both instances are excessive mortalities amongst those treated by 
killed-phenol vaccine, and defective mortalities amongst those 
treated by killed-ether vaccine. 

The figures may be summed up as under : 

Deaths 
Number 1\lortnlity 

Europeans treated Observed Calculated % 
Less. titan 14 days ..•• 455,153 710 700 0.16 
More than 14 days ... 26,366 31 41 0.12 

Total .......... 481,519 741 741 0.15 
p = 0.11 

Non·Europeo.m 
Less than 14 days •••• 300,321 1,412 1,533 0.47 
:More than 14 days .•• 21,027 228 107 1.08 

Total 321,348 1,640 1,640 0.51 
P < 1 In a million. 
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Thus, as was pointed out in former reviews, the handicaps of 
late arrival, though pronounced in the case of non-Europeans for 
some reason which does not appear, is not evident in the European 
statistics. 

Again, it may be noted that in the successive periods 0-4, 5-7, 
8-14 and more than 14 days, the ratios of non-European to European 
mortalities are 2.5, 4.7, 7.1, and 9 respectively, so that, as was noted 
in previous reports, the relative mortality increases with lateness 
of arrival. 

XII. PARALYTIC ACCIDENTS 

The figures relating to the occurrence of post-vaccinal paralyses 
are as follows : 

Number Propor- Pcreen• 
treated Accidents tion tage Deaths· 

1 in 
1. Cords .•••.•.•••.•••..•• 
2. Dilutions .........•..... 
3. Killed phenol •••••....•. 
4. Live phenol .......•.... 
5. Fermi's vacc. •...••..... 
7. Heated ............... . 
8. Killed ether ........... . 
9. lllixed (a) .........••••. 

(h) •...•..••..... 
(c) ••..•...•..••• 

38,659 
12,284 

135,058 
3,542 

20,840 
47,814 
27,475 

7,571 
4,636 
6,646 

Total . . . . . . . . . . . . . . 304,525 

14 
0 

20 
0 
1 
0 
1 
2 
1 
3 

42 

2,633 

6,753 

20,840 

27,475 
3,786 
4,636 
2,215 

7,250 

0.038 

0.015 

0.005 

0.004 
0.026 
0.023 
0.0-15 

0.014 

The figures for the period covered by all nine reviews are : 

1. Cords ..........•.... 
2. Dilutions ........... . 
3. Killed phenol ....... . 
4. Live phenol ........ . 
5. Fermi's vacc •........ 
6. Fermi's S.V. . ...... . 
7. Heated ............ . 
8. Killed ether ........ . 
9. lllixcd (a') .......... . 

(h) .•..••••..• 
(c) .....•..... 

10. Yalrcn ............. . 

Number 
trent eel 

152,899 
75,141 

488,795 
7,006 

28,159 
390 

140,959 
90,919 
57,227 

7,307 
6,646 
5,384 

Propor1ion 
Ac<ident• 1 in Porientage Deaths 

45 
24 
55 

0 
4 
0 
8 
9 

28 
2 
3 
3 

3,398 
3,194 
8,887 

7,040 

17,620 
10,102 

2,044 
3,654 
2,215 
1,795 

0.029 
0.031 
0.011 
0 
0.01•1 
0 
0.006 
0.010 
0.049 
0.027 
0.045 
0.056 

5 
17 
14 
0 
3 
0 
2 
4 
3 
0 
0 
0 

Perrentaga 
fatal 

0.003 
0.018 
0.003 
0 
0.011 
0 
0.001 
0.004 
0.005 
0 
0 
0 

2 
0 
3 
0 
I 
0 
1 
0 
0 
0 

7 

Perrentoge 
not fatal 

0.024 
0.013 
0.008 
0 
0.003 
0 
0.005 
0.006 
0.044 
0.027 
0.0•15 
0.056 

Totnl .........•. 1,060,832 181 5,801 0.017 48 0.005 0.012 

5 
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These may be abbreviated as follows : 

Accidents 
Percentage Perreotage ~umber ------- Pror~rtiou 

Deaths lata! DOL Iota! treated Obsemd Caltnlated 1 m Per<entage 

(a) Killed ...•..•.• 579,714 64 99 9,058 0.011 18 0.003 0.008 
(b) Live •......•.. 299,580 99 51 3,026 0.033 25 0.008 0.025 
(c) Heated .......• 140,959 8 24 17,620 0.006 2 0.001 0.005 
(d) Other ••.••••.• 40,579 10 7 4,058 0.025 3 0.007 0.018 

-----
Total •..•• 1,060,832 181 181 5,861 0.017 48 0.005 0.012 

P < 1 in a million 

It will be seen from the above that liability to accident is above 

average amongst those treated by cords, dilutions, the mixed 

methods 9(a), 9(b) and 9(c), and Yatren vaccine. When fatal and 

non-fatal accidents are considered separately, it appears that "fatal 

accidents are above average amongst those treated by dilutions, 

Fermi's vaccine and possibly the mixed method 9(a), whilst non

fatal accidents are above average in the case of cords, the mLxed 

methods 9(a), 9(b), 9(c), Yatren vaccine, and possibly dilutions. 

XIII. SUMwiARY AND CONCLUSIONS 

In the following table, certain of the percentage mortalities ·are 
compared with those of previous reviews. 

First Second Third Fourth Filth Sixth Seventh Eighth review review review review review review review review 
All patients ··········· 0.49 0.48 0.23 0.48 0.38 0.35 0.30 0.27 

(a) Live vaccines .•••• 0.27 0.26 0.21 0.26 0.23 0.31 0.28 0.24 
(b) Killed vaccines ..• 0.65 • 0.80 0.28 0.66 0.51 0.40 0.35 0.31 

Europeans ············ 0.17 0.13 0.10 0.14 0.21 0.20 0.13 0.11 (a) Live vaccines ..•.. 0.20 0.11 0.13 0.15 0.17 0.22 0.13 0.11 (b) Killed vaccines ..• 0.10 0.14 0.10 0.12 0.19 0.16 0.14 0.09 

Non-Europeans .••..... 0.84 0.88 0.78 0.83 0.62 0.54 0.48 0.42 
(a) Live vaccines •.•.. 1.02 0.82 0.71 0.74 0.46 0.65 0.67 0.44 
(b) Killed vaccines .•• 0.83 0.89 0.93 0.85 0.65 0.52 0.45 0.41 

Biting animal: 
Dog •..••..•...•..•. 0.42 0.44 0.24 0.47 0.36 0.33 0.28 0.25 
Cat .••..•..•••.•.... 0 0.07 0.04 0.06 0.03 0.03 0.04 0.07 Wolf ··············· 18.31 0 5.52 7.3 10.2 11.2 5.41 4.04 Jackal •..•.••.....•. 1.58 1.64 5.56 2.2 1.48 1.19 1.49 1.52 

Ninth 
revieW 

0.26 
0.19 
0.32 

0.16 
0.12 
0.16 

0.39 
0.33 
0.42 

0.26 
0.03 
6.78 
1.31 
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Category : 

First 
review Second Third Fourth Fifth Si~th Scv~nth Eighth Ninth 

review review review· review rcvtew rev1cw review review 

A .•.•.............. 0.29 
B ..............•... 0.18 
c .................. 0.60 
D •.•..•••...•••.••• 0.10 

0.34 
0.38 
0.57 
0.05 

0.47 
0.31 
0.25 
0.02 

Deep bites . . . . . . . . . . . • 1.18 1.06 0.74 
Superficial biles . . • . . . . 0.12 0.24 0.09 
On bare skin • . . . . . . . . . 0.66 0.62 0.38 
Tbrough clothing....... 0.10 0.13 0.04 

Locality : 

0.<14 
0.34 
0.62 
0.01 

0.49 
0.28 
0.41 
0.14 

0.37 0.32 0.33 
0.29 0.23 0.19 
0.37 0.35 0.29 
0.06 0.12 0.06 

1.10 0.85 0.75 0.69 0.58 
0.18 0.16 0.16 0.13 0.13 
0.66 0.50 0.46 0.40 0.36 
0.12 0.09 0.08 0.11 0.08 

0.30 
0.18 
0.29 
0.009 

0.60 
0.12 

Head • . . . . . . . . . . . • . . 2.85 2.-12 
Arm . . . . . . . • . . . . . . . . 0.40 0.49 
Trunk . . . . . . . . . . • • . . 0.42 0.11 
Leg . . . . . . . . . . . • . . . • 0.30 0.40 

1.24 3.17 2.8<1 
0.25 0.35 0.29 
0.10 0.31 0.11 
0.11 0.30 0.21 

2.6<! 2.22 1.83 1.59 
0.29 0.26 0.29 0.26 
0.14 0.11 0.12 0.13 
0.17 0.18 0.14 0.15 

Delay in commencing 
treatment : 

0 to 4 days . . . . . . . . . 0.35 0.46 0.18 0.53 
5 to 7 days . . . . . . . . . 0.59 0.46 0.16 0.38 
8 to 14 days . . . . . . . . 0.6-1 0.49 0.28 0.40 
More than 14 days . . . 1.0•1 0.69 0.33 0. 73 

0.40 0.35 
0.31 0.29 
0.35 0.27 
0.52 0.63 

0.28 
0.27 
0.23 
0.83 

0.27 0.29 
0.20 0.21 
0.25 0.21 
0.57 0.41 

Post-vaccinal paralysis .. 
(a) Cords .......... . 
(b) Dilulions 
(c) Killed phenol .... 

0.025 0.009 0.027 0.021 0.019 0.018 0.023 0.009 0.014 
0.22 0.019 0.048 0.025 0.022 0.014 0.021 0.009 0.038 
0.03 0.03 0 0.105 0.058 0.036 0.045 0.013 0 
O.OOG 0.003 0.026 0.008 0.014 0.010 0.012 0.008 0.015 

The figures will now be discussed on similar lines to those followed 
in the eighth review. Race types will be separated as before, and 
attention will be concentrated on three tables in particular. 

The lirst"is that given in Section V, referring to all cases treated 
since the inception of these reviews. It will be noticed that, in 
contrast wit!J the result arrived at in the eighth review, there is 
now evidence of di!Terences between the groups of persons of each 
race type treated by the various methods. Amongst Europeans, 
there now comes to light an excessive mortality amongst those 
treated by heated vaccines ; and defective mortalities amongst those 
treated by the killed-ether method and the mixed method designated 
as 9(a). Amongst non-Europeans, a defective mortality appears 
in a new group (those treated by Fermi's vaccine), though it is to 
be observed that the number involved is small. 

The second table is that given for categories A, B and C in Sec
tion VII-that is to say, the table includes all persons treated, with 
the exception of those bitten by dogs suspected not to be rabid. 
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The chief departures in the case of Europeans occur in the groups 
killed phenol, heated and Yatren, where deaths are above average, 
and the mixed method 9(a), where deaths are in defect. ~mongst 

·non-Europeans, there is no evidence of difference of efficacy. 
The third table is given in Section VIII and relates to those 

severely or superficially bitten. It differs from the first ~n that 
those "ith " no visible lesion " have been excluded. In tlus table 
also, evidence of heterogeneity has been found. In the case of 
Europeans, an excessive mortality has occurred amongst those 
treated by killed-phenol vaccines and dilutions, whilst the mortality 
is below average amongst those treated by the mixed method 9(a). 
In the case of non-Europeans, however, there is no evidence of 

heterogeneity. 
One may summarise these results as follows : 

(1) There is no evidence of difference of efficacy between 
treatment by cords and killed phenol in the statistics of either 
race type. Little can be said with regard to Fermi's vaccine, 
as, though it shows an apparent significant deficiency of 
deaths amongst non-Europeans, the difference in the case of 
Europeans, though also in defect, is not significant. 

(2) The remaining methods have been applied in the treat
ment of Europeans only. The outstanding feature is that all 
three tables-!, 2 and 3-agree in demonstrating a deficiency 
of deaths amongst those treated by the mixed met~od 9(a). 

One may now apply the more powerful method of analysis intro
duced in the seventh review. It will be remembered that it was 
pointed out in that review that, employing the idea of" fiduciary 
probability" or" confidence coefficients", it was possible to make 
statements as to the limits within which any presumed superiority 
of one treatment over another must lie. Such statements may have 
any assigned degree of .reliability-95%, 99%, etc. \Vllere the 
number of o~servations is small, the range between lower and upper 
limit will obviously be large ; and where the observations are many, 
the range will be contracted, and the statement will be " more 
precise". (In the present analysis, it has been found more conve
nient to state the degree of superiority of any one treatment over 
the mean of the whole group of treatments.) 
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The approximate formula is 

Pt- Jim= l''t-P'm ± ~ 
N 
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It must be remembered that this formula can only be safely used 
when all the numbers occurring in it are reasonably large. No 
exact limit can be given, but when any number is less than 10, it 
is best not to apply the formula. 

In the above formula, p1 is the probability of death for the treat
ment in question, Pm is that for all methods of treatment. The 
dashed ps are the observed values, and the undashecl the estimated 
values. n1 is the number treated by the particular method in ques
tion, n2 the number treated by the remaining methods, N = n1 + n2 
is the total treated population. n3 is the total number of deaths, 
n4 the total number of escapes (N = n3 + n4). c is a constant 
which varies according to the ~cgree of reliability required. For a 
90% reliability, it is 1.64 ; for a 95%, it is 1.96 ; and for a 99% relia
bility, it is 2.57. In what follows, the value c = 1.96, correspond
ing to a 95% reliability, has been adopted. It should be again 
emphasised that the above formula is only approximate; it is applic
able when p'1 - p'm is not too large, and we believe that it may 
safely be applied to the figures with which we have to deal. 

The values of p1 - Pm so calculated are tabulated below for 
Europeans and non-Europeans respectively : 

(1) For all cases ; 
(2) For all, excluding category D (i.e., those bitten by dogs 

not suspected to be rabid) ; 
(3) For all, excluding those in whom " no visible lesion " 

was observed. 

In interpreting such a table as the following, it is to be noted that, 
when the upper limit is positive and the lower limit is negative, a 
ZE!ro value is allowable ; that is to say, it is possible that the treat
me~t in question is neither better nor worse than the mean. When 
both limits are of like sign, then the treatment in question is signi- · 
ficantly better, or worse as the case may be, tim~ the mean. When 
one or other limit is zero, the difference becomes just significant. 
This corresponds to a value of P = 0.05 (for a 95% reliability), as 
obtained by ordinary methods. 
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(3) Excluding 
(1) All cases (2) Excluding D " no visible lesion " 

Europeans Upper Lower Upper Lower Upper Lower 
1. Cords .............•. +0.0215 -{).0359 +0.0061 -{).0861 +0.0026 -0.0962 
2. Dilutions •...••.••.•. +0.0430 -0.0088 +0.0347 -0.2253 +0.0717 +0.0023 
S. Killed phenol ........ +0.0345 -0.0141 +0.0585 +0.0035 +0.0897 +0.0239 
4. Live phenol ••••..••. +0.0210 -{).1584 +0.0166 -{).1766 +0.0044 -0.2042 
5. Fermi's vacc. ..•..... +0.0313 -0.0803 +0.0132 -0.1204 +0.0725 -0.0999 
6. Fermi's S.V •......•.• +0.2280 -{).5366 +0.5204 -0.8566 +0.2592 -0.6406 
7. Heated •.......•..•. +0.0460 -0.0114 +0.0433 +0.0063 +0.0281 -0.0163 
8. Killed ether ......... -0.0131 -0.0493 +0.001!1 -0.0505 +0.0023 -0.0571 
9 Mixed (a) ....•....•. -{).0109 -{).0705 -0.0054 -0.0750 -0.0107 -0.0859 

(b) ......•.... +0.1251 -.:o.0505 +0.1167 -{).0697 +0.1401 -0.0839 
(c) ........... +0.0582 -{).1260 +0.0505 -0.1455 +0.0480 -0.1686 

10. Yalren ...........•.• +0.1895 -0.0151 +0.2455 -{).0055 +0.3220 +0.0350 

N on-EUl'Opt'CUIS 

1. Cords .........•....• +0.0107 -{).0819 +0.0759 -0.0755 +0.0737 -0.0839 
2. Dilutions ......... '". +0.6800 -0.0042 +0.0658 -0.7654 
3. Killed phenol ........ +0.0235 +0.0027 +0.0099 -0.0077 +0.0085 -0.0081 

It will be seen from the above table that, with the following 
exceptions, the zero point is included within the range : 

Europeans: 

Those treated : 

(1) By dilutions in Table (3) ; 
(2) By killed phenol in Tables (2) and (3) ; 
(3) By heated vaccine in Table (2) ; 
(4) By killed ether in Table (1) ; 
(5) By the mixed method 9(a) in Tables (1), (2) and (3) ; 
(6) By Yatren in Table (3). 

Non-Europeans : 

Those treated by killed phenol in Table (I). 

A1> in the previous review, the outstanding fe~ture is the signi
ficantly defective mortality amongst those treated by the mixed 
meth~d. 9(~). The killed-ether method shows some apparent 
supenon~y ~n Ta_ble (1) referring to" all cases", butlhis suggestion 
of supenonty disappears when either category D or " no vis"bl 
lesion" cases is excluded. I e 

Treatment by co;ds and killed-phenol vaccines may be contrasted 
by the application of a formula similar to that employed above 
This formula applies to the case where only two methods of 
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treatment are contrasted-that is to say, it is applicable to a 2 x ? 

table. The formula is • 

,· '+ ( 11311~ )1 Pt-P:=Pt-P2-c -·-- 11 
111 n2 N 

where the symbols have the same significance as before, except that 
the suffix 2 applies in this case to the second method of treatment. 
The limits for p1 - P2• where the p1 refers to cords and p2 to killed 
phenol, may be tabulated as follows : 

(1) All cases (2) Excluding D (3) Excluding 
" no visible lesion " 

Europeans • • . • • + 0.0021 - 0.0237 - 0.0127 - 0.1293 - 0.0374 - 0.1698 
Non-Europeans . + 0.0078 -0.1056 + 0.0835 -0.0853 + 0.0818 -0.0924 

The only significant diiTerences are in the case of Europeans 
whcil either D cases or" no visible lesion " cases are excluded. As 
this apparent superiority of cord treatment is not found in the case 
of non-Europeans, it is unlikely that it depends upon the method 
of treatment, but rather to diiTerences in the standards adopted 
by various institutes in the classification of individuals according 
~o category, or according to the character of the lesion. 

Thus, in spite of the large increase of the statistics which has 
occurred since the publication of the eighth review, there seems to 
be little to choose between the cord, dilutirm, killed-phenol, live
phenol, Fermi, heated, and killed-ether methods as regards their 
immunising properties, whilst the mixed (a) system (dilutions: plus· 
Alivisatos in severe cases) is apparently associated with a reduction 
of mortality which does not exceed 45% and may be as·low as 3%. 

Two considerations must always be borne in mind in discussing 
these findings. The first is purely statistical. The above state
ments are made on a basis of reliability of 95%. This means that 
one of twenty statements is likely to be wrong. As only the Euro
peans treated by the mixed (a) method out of a consideraple number 
of treatment groups has shown evidence of apparent snperiority 
of method, it is necessary not to attach undue weight to this positive 
result. It may eventually prove to be important, but, on the other 
hand, it may merely be the emergence of the one-in-twenty chance: 

The second consideration to be emphasised is that any statistical 
analysis such as the present assumes that there is no selection or 
unsuspected variation in the nature of the material associated with 
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the various types of treatment. Obviously, if one method of treat
ment was applied to a series of cases only lightly bitten, whilst the 
other was applied to much more severely bitten cases, marked 
difierences in death rate might occur, independent of diiTerences 
in efficiency of treatment. It does not seem possible by purely 
statistical methods to exclude, with any certainty, ·the possibility 
of such complications. When, however, a ·significant superiority 
is shown in (2) and (3)· as well as in (1) (of the table on the 
preceding page), there would seem to be a prima facie case for 
giving the method in question special consideration. 

Attention may be directed at this stage to the combined table 
relating to wolf bites in Section VI. 1t will be noted that in this 
case rat'e types are not separated. It is unlikely that this diiTcrence 
of procedure is of importance, as persons bitten by wolves are at a 
very high degree of risk and in most circumstances are like~y to 
come for treatment independently of their race type. The average 
mortality is 7.76% and the value of P given in the table is 0.65. 
The limits (calculated where the fiduciary method is applicable) 
are as follows : 

2. Dilution ........ ." ............. . 
3. Killed phenol ................•. 
5. Fermi ....................... .. 
7. Heated ....................... . 
8. Killed ether .................. . 
9. lllixed (a) .................... . 

+ 8.30 
+ 2.40 
+ 3.17 
+ 5.90 
+ 1.66 
+ 3.85 

-1.82 
-0.92 
-6.31 
-2.58 
-4.20 
-,- 7.33 

Thus no significant diiTerences are as yet apparent. The statistics 
are still too small to bring out any diiTerences between the efficacies 
of the various methods, if such indeed exist. 

It thus appears that, from the examination of &tatistics relatin" .. 
to approximately a million persons treated by various methods, 
there is little evidence of superiority of one method over another 
with the possible exception of a superiority in favour of the live~ 
vaccine ~reatment described as mixed (a) (that is, a dilution treat
me~t Wit!~, in severe cases, the. addition of Alivisatos method). 
Evidence m favour of the superiority of this method of treatment 
continues to increase hut, for reasons referred to above it cannot 
yet be claimed that absolute proof has been attained. ' 

It may seem remarl!able that in such large statistics diiTerences 
of apparent efficacy have not become evident, but it must be 
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emphasised, as was clone in the last review, that the controllina 
factor is the mortality rate. The lower this may be, the greater th: 
number of patients required to demonstrate significant variations. 
In the case of Europeans, the mortality rate is of the order of 
0.15% ; and in the case of non-Europeans, of 0.56%. 

It may be said in general terms that, with regard to the treatment 
methods-cords, dilutions, killed phenol, live phenol, Fermi's 
original method, heated vaccines and killed-ether vaccines-it is 
unlikely that a diiTerence of efficiency of more than some 25% 
between any two of these methods exists. The possible superiority 
of the mixed (a) method has already been referred to. 

Finally, having examined the statistics with regard to immunising 
efficiency, we turn to the risks of paralytic accident which are 
involved. The results arrived at in the last review continue in 
general to hold, and these are summarised in Section XII. The 
occurrence of accidents is less than 1 in 7,000 amongst those treated 
by killed phenol, Fermi's original, heated- and ldllecl-ethervaccines, 
and is greater than 1 in 3,500 amongst those treated by cords, dilu
tions, the mixed (a), (b) and (c) methods, and by Yatren vaccines. 
The percentage of fatal accidents is relatively high amongst those 
treated by dilutions and by Fermi's original vaccine. 

Anti-Rabies Treatment in the Union of Soviet Socialist 
Repuhlics. 

In the first, fourth, fifth and eighth reviews, the statistics from 
the Union of Soviet Socialist Republics.from 1927-193•1 were ana
lysed. Figures are now available relating to the years 1935, 1936 
and 1937. 

The schedules submitted aive detailed information regarding the ., . 
numbers of treated persons. These are enumerated according to 
the headings of the schedule issued by the Health Section of the 
League of Nations. The characteristics of fatal cases are, however, 
not classified, the only available figures being the total numbers of 
deaths. Consequently, the detailed system of analysis employed 
in the main report could not be followed, and it was deemed best to 
treat the statistics separately. 
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Schedules have been received from only 19 institutes as compared 
with 72 in 1927. The general characteristics of these schedules are 

as follows : 

(1) Pasteur 

1. Thlissi 
2. , 

(2) Fermi 

1. Vologda •.........• 
2. . .•••.•..•. 
3. ,, .......... . 
4. Koujbychev ..•...• 
5. 
6. ,, ..... . 
7. Leningrad •••...••. 
-8. 
9. ., .•••••••• 

10. l\Iinsk .....•....... 
11. " •••••••.••••• 
12. ., ...•.......•• 
13. Odessa .....••..•.• 
14. . •....•.•... 
15. " .•...••.•••. 
16. Omsk .•.•.......•• 
17. Rostov ..........•. 

~:: :: :::::::::::: 
20. Tomsk ........•... 

~~: :: :::::::::::: 
23. Tchkalovsk ..•••.•. 

(3) HIJgyes-Phitipps 

Year 

1935 
1936 

1935 
1936 
1937 
1935 
1936 
1937 
1935 
1936 
1937 
1935 
1936 
1937 
1935 
1936 
1937 
1936 
1935 
1936 
1937 
1935 
1936 
1937 
1936 

1. V eroneij • • . • . . . . . . • 1935 
~· •. . . . . . . • • • . • 1936 
4. . " . . . . . . .. . . . 1937 

• Kief .. · · • • • · • ••• 1935-1937 
5. Smolensk . • . . • • . • . . 1935 . 
6• " . . • . . . .. . . 1936 
7· " . . . • . . . . . . 1937 
8. Tambov........... 1935 
9• . • • • • • . • • • • 1936 

10• " . • . . . . . .. . . 1937 
11. Kharkov . . . 1935 
12• " ... ::::::: 1936 
13· . • . . . • . . .. 1937 

Number or 
persons 
treated Dentl1s 

845 
753 

1,598 

176 
124 
153 
458 
353 
194 
756 
791 
886 
219 
194 
225 
801 

1,936 
1,942 

719 
876 

3,263 
2,544 

106 
130 
130 
514 

17,490 

261 
186 
338 

5,759 
114 
143 
160 
270 
214 
327 
441 
602 

1,074 

9,889 

0 
1 

0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
3 
0 
0 
0 
0 

7 

0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
1 
0 
2 

6 

Mortality 
% Accidents 

0 
0.13 

0.06 

0 
0 
0 
0 
0.28 
0 
0 
0.15 
0 

~l 
0 
0.73 
0 
0 

~.o4l 
0 
0 
0 
0 

0.04 

0 
0 
0.58 
0.02 
0 
0 
0 
0 
0 
0 
0.22 
0 
0.18 

0.06 

1 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
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(4) Remlinger 

1. Irkutsk 
2. 
3. 

(5) Pasteur + Fermi 

1. Thilissi ..••.•••..•• 

(6) Pllilipps + Fermi 
1. Gorki 
2. 
3. " 
4. Perm 
5. 
6. 

(7) Remlinger + flogyes 

1. Penza ............ . 
2. 
3. 

Year 

1935 
1936 
1937 

1937 

1935 
1936 
1937 
1935 
1936 
1937 

1935 
1936 
1937 

Number or 
persons 
treated 

165 
113 
160 

438 

739 

606 
337 
978 
342 
33•1 
295 

2,892 

1,393 
828 

1,674 

3,895 

Deaths 

0 
2 
0 

2 

3 

0 
0 
2 
0 
0 
0 

2 

1 
0 
6 

7 

Grand total • • • . • . . . . • • 36,941 28 

~Iorlallty 
·% 

0 
1.77 
0 

0.46 

0 

0.20 
0 
0 
0 

0,07 

0,07 
0 
0.35 

0.18 

0.08 

75 

Accidents 

0 
0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

3 

In the following table are given the number of persons t1·eated 
at the insti.tutes from which schedules have been submitted through
out the period covered by these reviews, and also the av.erage 
numbers per institute. 

Number o[ Number or persons Average number 
institutes bitten and treated per institute 

1927 ·········· 72 74,•130 1,034 
1928 ·········· 60 66,154 1,103 
1929 ·········· 53 53,518 1,010 
1930 ·········· 55 

. 49,399 898 
1931 ·········· 52 38,961 749 
1932 ·········· 50 27,647 553 
1933 ·········· 46 17,410 378 
1934 ·········· 46 15,630 3-10 
1935 ·········· 16 7,829 489 
1936 ·········· 18 11,534 6-11 
1937 ·········· 16 11,819 739 

374,331 773 

(The figures from Kief (from which, as shown above, one inclusive 
schedule relating to the period 1935-1937 was received) have not 
been included in this table.) 
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It will be noted that the number of institutes from which schedules 
were received diminished abruptly at the year 1935 ; the average 
number of patients per institute at the same date showed a tendency 
to rise. It would thus appear that, in certain districts at least, the 
tendency for the number treated to decline, as exhibited during the 
earlier years, has not been maintained. 

The figures relating to mortality are shown opposite. 
The value of P for the combined table is less than one in a million, 

which shows that the statistical groups of those who had received 
the various forms of treatment di!Ter very markedly. 

The efficacies of the various methods have been examined by the 
method of limits used in the earlier portion of this review, and the 
results are given in the following table. 

Pasteur ...................•............ 
Fermi .....•........................•.. 
Hogyes-Philipps ....................••.. 
Remlinger ............................ . 
Pasteur + Fermi .................•..... 
Philipps + Fermi or Alivlsatos .....•.•... 
Remlinger + Hogyes .•.•............... 

Upper limit 

+ 0.0951 
+ 0.0131 
-0.0188 
+ 0.3379 
+ 0.5285 
+ 0.0380 
+ 0.1261 

Lower limit 

+ 0.0461 
-0.0419 
-0.0422 
+ 0.0905 
+ 0.2219 
-0.0890 
-0.0887 

In the eighth review, it was found that the method of Hogyes
Philipps appeared to be significantly superior to the aggregate, that 
the methods of Remlinger and Pasteur + Fermi were inferior, 
whilst the efficacies of the methods of Pasteur, Fermi and Philipps 
+ Fermi or Alivisatos were in agreement with the aggregate. The 
only diiTerence this year is that the method of Pasteur has shifted 
to the group of those inferior in efficacy. The new method
Remlinger + Hogyes-is of average efficacy. 

Three accidents only are reported as having occurred during the 
triennium. No statements are· made as to their morbidity. If 
these are added to those occurring during the earlier years treated 
by these reviews, the following table emerges : 

Pasteur ......•...•....•.....•. 
Fermi ....•...•.....•.......•. 
Hugyes-Philipps .............. . 
Remlinger ....•............... 
Pasteur + Fermi .......•...... 
Philipps + Fermi or Alivisatos .. 
Remlinger + Hogyes •.....•... 

Number treated 

115,075 
70,532 

244,676 
3,664 
3,239 

16,984 
3,895 

458,065 

Accidents 
22 

8 
30 

0 
0 
1 
0 

Gt 

Proportion 

l In 5,231 
1 in 8,817 
1 in 8,156 

1 In 16,98·1 

l In 7,509 



I 
1935 1936 1937 

:i\lor .. Mor-
Number Lnlity Number talily Numbrr 
billcn DonUts % bitten Deal11s % hill en Denlhs 

Pasteur ....•.•..........•.. 845 0 0 753 1 0.13 - -
Fermi ..................... 3,392 0 0 8,024 4 0.05 6,074 3 
Hiigycs-Philipps ............ 1,086 1 0.09 1,145 0 0 1,899 " Remlinger ................. 165 0 0 113 2 1.77 160 0 
Pasteur + Fermi ........... - - - - - - 739 3 
Philipps + Fermi or Alivisntos 948 0 0 671 0 0 1,273 2 
Remlinger + Hiigycs ....... 1,393 1 0.071 828 0 0 1,674 6 

--- - - -- ---- -
Total .. ~ ............. 7,829 2 0.03 11,534 7 0.06 11,819 18 

P < 1 in a million. 

Mor-
lalily Numbrr ., bitten /0 

- 81,189 
0,05 67,::09 
0.21 206,127 
0 3,998 
0.41 2,611 
0.16 14,761 
0.35 3,895 
-- ----
0.15 I 380,090 

1927-1937 
Deaths --------(tll~t'rH•I l::tkulatt'd 

188 131 
09 109 

2G9 332 
15 6 
14 4 
20 24 

7 6 
-- --
612 612 

Mor-
talily 

% 
0.23 
0.15 
0.23 
0.38 
0.54 
0.14 
0.18 --
0.16 

..... ..... 
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It will be noted that the above proportions are in general consider
ably lower than those given in Section XII of the main review, and 
this is particularly marked in the case of those treated by dilutions 
(Hogyes-Philipps). 

CONCLUSIONS 

1. The steady decline in the number of those presenting them
selves for treatment during the years 1927-1934 does not appear to 
have been maintained in the areas served by the institutes from 
which statistical returns have now been received. 

2. As regards .immunising properties, the statistics according 
to the dilTerent methods of treatment fall into three groups : 

(a) The live vaccine of Hogyes-Philipps, being apparently 
superior to the aggregate ; 

(b) The methods of Fermi, Philipps + Fermi or Alivisatos, 
and Remlinger + Hogyes, being nearly equal to the aggregate ; 
and 

(c) The methods of Pasteur, Remlinger and Pasteur + 
Fermi, being apparently inferior to the aggregate. 



ANTI .. RABIC IMMUNISATION: 
LIVING VACCINES AND KILLED VACCINES 

G. PROCA 

(former Director of the Babes 
Institute) ' 

By 

and S. BOBES 

(Chief of Department ;t the Canta
cuzene Institute, Rabies Service). 

Discoveries have been increas
ing and accumulating in regard to 
chemical vaccines. There can be no 
doubt that we shall soon have many 
others. That of rabies, for instance, 
must soon be known and used." 

L. PASTEUR, 

CEuures, Vol. VI, page 550. 

1. The first International Conference on Rabies, held in Paris 
in 1927, considered the whole range of problems connected with 
the disease : the nature of the rabies virus, treatment and accidents 
of treatment and the prevention of rabies in animals. It made a 
thorough examination of the problem of anti-rabic vaccination, and 
the debate, which was opened by the report of A. C. MARIE, led to 
two main conclusions : 

(1) There is unanimity of opinion regarding the efficiency 
of Pasteur treatment by the original dried cord method and 
by the glycerinated cord method of immunisation. 

(2) It is also agreed that living fixed virus injected under 
the skin is innocuous to man in the vast majority of cases ; in 
exceptional circumstances, however, it may be infective. For 
this reason, certain institutes have adopted the use of a dead· 
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or attenuated vaccine. Such vaccines, killed or attenuated 
either by carbolic acid or ether, produce a satisfactory immunity .1 

The latter conclusion appears, however, to have been adopted 
with some reservations, since the Conference recommends " that 
comparative tests on a large scale be carried out in certain selected 
institutes with vaccines killed by carbolic acid and ether". 

At the time when the Conference was being held, A. C. MARIE 

noted that the authors of various methods of anti-rabic vaccination 
were definitely tending to abandon the use of avirulent cords and 
to determine the dose of fixed virus which is necessary for the active 
immunisation of man. It was generally thought that, " in order 
to obtain complete immunisation, it was essential to employ virulent 
cords". 2 

For some years past, however, there has been a tendency to 
replace the living vaccines by avirulent, " chemical " (Pasteur) 
vaccines. Thus, in the year 1935, we find that the institutes using 
dried and glycerinated cords treated 21,851 persons, whilst 62,509 
were treated with killed phenol or avirulent vaccines. So far as 
results are concerned, only very slight differences were observed : 
in the former group, the general mortality rate is 0.32% with 2 cured 
paralytic accidents and, in the latter, it is 0.35% with 5 paralytic 
accidents, 2 of which were mortaJ.3 

During that same· year (1935), some thirty institutes were using 
more or less attenuated virulent cords, including fresh cords (0) in 
the institutes of Hanoi, Vientiane, Bucharest and Cluj. Seven 
institutes went to the length of using 1 day cords, whilst eighteen 
were content with 2 day cords as their most virulent vaccine. At 
the same time, an almost equal number of anti-rabic institutes used 
the avirulent carbolised vaccines, and were able to record no less 
satisfactory results. 

The problem which arises in these circumstances is to determine 
whether any special indications and contra-indications attach to the 
vaccines and whether the immunity which the avirulent" chemical " 
va~cines are able to confer is not established as speedily and as 
solidly as th~t obtained with live vaccines. 

: Report on the work or the International Rabies Conference. 
, Report~ to Lhe I!!te~nalional Rabies Conference, pages 61 and 52. 
_JilcK~" 0RICK : E1ghth Analytical Review or Reports on the Results or 

Ant1-Rab1c Treatment ", Bull. JJeal/11 Org., 1938, 7, 1. · 
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* * * 
2. The Pasteur treatment, as applied in the Paris Pasteur 

Institute, gives " results which approach perfection : there have 
been no paralytic accidents since 1911, and not a single case of 
death in the course of twelve consecutive years. . . . "1 

At Bucharest, the Roumanian method (6- to 0-day dried cords 
and heated emulsions) still registers failures. Comparison, over a 

. period of fifty years, of the results obtained in Paris and Bucharest 
discloses tl_1e difTerences shown by the following tables : 

I. Paris (Pasteur Institute). • 

Ten-year periods Persons treated Deaths % 
1886-1895 . . . . . . . . . . . . . . 17,337 86 0.49 
1896-1905 . . . . . • . . . . . . • . 11,872 36 0.30 
1906-1915 . . . . . . • . . . . . . . 5,0<14 8 0.15 
1916-1925 . . . . . . . . . . . . . . 11,698 21 0.17 
1926-1935 .. 0. 0 •• 0 0 0.... 5,616 0 0 

IL Bucharest (Babe~ Institute). • 

Then-year periods Persons treated Deaths 
1888-1897 .............. 4,238 73 
1898-1907 ·············· 10,469 44 
1908-1917 .............. 19,116 37 
1918-1927 ............... 35,671 77 
1928-1937 .............. 61,064 128 

% 
1.72 
0.42 
0.19 
0.21 
0._29 

During the last ten-year period, the number of persons bitten in 
Paris fell by 50% and mortality was nil ; at Bucharest, a gradual 
increase in the number of bitten persons is observable from 1908 
onwards, accompanied by a substantial rise of the mortality rate. 

The question therefore arises whether this should be ascribed to 
inadequacy of the Roumanian method. 

When the immunising power of anti~rabic treatments is considered, 
the total death rate is not necessarily a measure of their efficiency 
as general methods ; whatever the method of vaccination used, this 
is not the only determining factor in the results obtained. 

In the paper already referred to, P. LEPINE and V. SAUTTER 

judiciously observe that, " in most of the anti-rabic institutes of 

1 P. LEPINE and V. SAUTTER: Ann. Jnst. Pasteur, 1937,59, 39. 
• Ann. Jnsl. Pasteur, Numc!ro commc!m. de Ia rage, October 25th, 1935. 
• G. PnocA : Romdnia medica/a, 1935, 12, and Bull. du Service anlirabique, 

1935-1937. . 

6 



82 ANTI-R.<\BIC ]JIIl\IUNISATION 

the principal countries of Europe, the majority of the bitten persons 
taking anti-rabic treatment as a measure of precaution come 
under category C,-in which the real risk entailed is always difficult 
to gauge and, be it admitted, frequently. very small ". 

Among the factors likely to affect the efficiency of treatment one 
way or the other, the first to be considered is the rabies virus itself. 

3. In countries where rabies is widely prevalent-and this is 
true of Roumania-category C of animals suspected of rabies is 
bound to include a higher proportion of actually infected individuals. 
Moreover, the epizootic outbreaks of rabies which recur almost 
uninterruptedly in these areas appear to strengthen the pathogenic 
action of the street virus. A. C. MARIE has ·found, in fact, by 
experiment, that passage through the brain of the dog,· so far from 
weakening this virus, appears, on the contrary, to fix its virulence. 1 

With these considerations in mind, we ·have taken, as an index 
of virulence, the period of incubation of rabies among untreated 
subjects and have found that short incubation periods are, on the 
whole, frequent. The comparative statistics reproduced below will 
give a more accurate idea of that frequency. 

I. Dodero's Statistics (supplemented)': Period of Incubation of Rabies. 

Cases Up to 30 31 to 60 
observed days days 

Statistics <•t.olute li:m•J 01 % 10 

Babes ln.•titute (1888-1938) 290 25.2 38.5 
BAU,ER •·············•·· 423 21.5 39 HooYEs 210 28 38 
Health C~-~~~ . (18"62~ 

1872) .••••••••••••••.• 170 22 43 

II. Statistics of the Babes Institute. 

Cases Less than 21-40 
observed 21 days days 

Statistics !:tl-:iulule figurtll) % % 
NITSCH' •...... 100 2.0 21.0 
BUSSON' .•..... 35 5.7 
DODERO' .. ." ... 

34.2 
54 15.0 

Babe~ Institute 
·16.0 

(1888-1938) ••• 290 8.2 33.1. 
1 L't!tude e:r:perimenta/e de Ia rage, page 28. 
: Ann. de l'lnst. Pasteur, 1938, 61, 193. 

Zbl. f. Bakt. 0., 1906,42, 647. 
• Ibid., 1930,115, 294. . 
• Loc. cit. 

41-60 
days 
% 

26.0 
28.5 
26.0 

23.7 
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days. 90 days 
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13.0 
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It follows from this that, among untreated subjects, deaths from 
rabies having a short incubation period are more frequent at Bucharest 
than at Vienna (BussoN), or at Cracow (NITSCH), and are more 
infrequent among Europeans than among non-Europeans (DoDERo). 

Classification of the deaths from rabies recorded in our statistics 
according to the age of the untreated subjects and according to the 
position of the bite yields the following tables : 

III. Period of Incubation and Age (percentage). 

Children from 
0 to 15 years 

Days or age 
Less than 21 . . . . . . • . . . . . . . . . . . . . • . . . . . 18.7 
21 to ·10 . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 38.5 
41 to 60 . . • • . . . . . . • . • . . . . . . . . . . . . . . . . . 19.7 
61 to 90 . . . . . . . . . • • . . . . . . • . . • . . . . . . . . . 12.5 
l\Iore lhan 90 . . . . . . . . . . . .. . • . . . . . . . . . . . . 10.2 
Cases observed (absolute figures) . . . . . . • . . 96 

Persons over 
15 years 
or age 

3.0 
30.4 
25.7 
20.6 
20.1 

19-1 

IV. Incubation, PosWon of Biles ami 1lge {percentage). 

Children from 0-15 ye:trs Persons over 15 years 
or age of age 

Upper Lower Upper Lower 
Days Head limbs limbs Head limbs limbs· 

Less than 21 26.3 13.3 15.3 10.3 2.1 
21-40 ..••...... 52.6 31.1 23.0 -14.8 29.1 21.'1 
41-60 ..••...•.. 10.5 2•1A 30.7 2·1.1 27.0 21.4 
61-90 .....•.... 7.9 17.7 7.6 10.3 20.•1 . 32.1 
Over ...••..... 2.6 13.3 23.0 10.3 . 21.1 25.0 
Cases observed 38 45 13 29 137 28 
Per 100 deaths 39.5 46.8 13.•1 1-1.9 70.6 1•1.4 

Tables III and IV show that the frequency of cases of rabies 
having a short incubation period is greater in the case of head bites 
and in that of children of 0 to 15 years, and that it greatly exceeds 
the average for all other bites whatsoever (Tables I and II). · 

In the course of time, deaths from rabies having a longer 
incubation period become more and more frequent. Thus we have: 

·v. Periods of Incubation {percentage). 

11-30 31-60 61-90 Over 90 Cases 
Y cars days days days days observed 

1888-1897 .•..... ·..•..••. 14.2 51.4 28.5 5.7 35 
1898-1907 • . . . . . . . . . . . . . . 25.0 55.5 8.3 11.1 36 
1908-1917 . . . . . . . . . . . . . . . 29.6 37.0 18.li 14.8 27 
1918-1927 . . . . . . . . . . . . . . . 32.2 28.8 17.0 22.0 59 
1928-1937 . . . . . . . . . .. . . . . 22.0 35.7 21.1 21.1 109 
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J d . g by the duration of the period of incubation of rabies,. 
. u gmld · that despite fluctuations, the general tendency 
It wou appear ' . dimini h It . 
has been, since 1908, for the severity of the bites to . s . . IS 

. t estina to note that in the first two ten-year penods, wolf hltes 
mer o ' · "thlt 
are much more frequent among treated subjects than m e as 

three periods. 
* * * 

The pathogenic power of autochthonou~ street. virus has been 
experimentally studied in 389 cases of canme rabies. . 

Intra-cerebrally. inoculated rabbits died from rabies after varymg 

periods, viz : 

Less than 10 days after inoculation, in 23 cases (5.9%) ; 
From 10-16 days after inoculation, in 140 cases (35.9%) ; 
From 16-25 days after inoculation, in 178 cases (45.7%); 
l\fore than 25 days after inoculation, in 48 c;ases (12.3%). 

Among the cases having a short incubation period (less than 

10 days), we note a period of : 

5 days in 2 cases 
6 I 3 I 

7 • • 1 
8 • I 4 
9 >13 

In a new series of 30 cases of paralytic rabies (wolf, horse, cat 
and 27 dogs) that were examined in 1934, incubation periods of 
6 to 7 days were found in 3 cases (lO%), periods of 10 to 15 days 
in 15 cases (50%), periods within the limits of 16 and 30 days in 
10 cases (33%) and a period of 47 days in 2 !!ases. 

From these results, it will be seen that strains of " reinforced " 
street virus are comparatively infrequent in Roumania and amount 
at most to 10% of all strains examined. 

There is, moreover, no parallelism between the period of rabies 
incubation in untreated subjects and incubation in the rabbits intra
cerebrally inoculated with the brain of these subjects. Cases with 
a long incubation period among untreated subjects may correspond 
to Incubation periods of medium duration (13 to 15 days) in 
trepanned rabbits; more rarely, the reverse is observed (B. BussoN l). 

1 " Expcrim. Sludicn ilbcr das Lyssavirus ", Zbl.f. Bakl. 0., 1930,115, 294. 
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The .capacity of autochthonous street virus to produce Negri bodies 
cannot always be determined by the mict:oscopical examination of 
animals ; if the dogs are killed before the corpuscles have had time 
to appear, the examination will be negative so far as the dogs' brains 
are concerned, whilst it will frequently be positive at the first 
passage (rabbit). 

In dogs which have died as a result of the progressive course 
taken by the disease, an abundance of corpuscles is an almost 
constant and a characteristic feature. · 

The following table sums up a series of recent experiments on 
the capacity of Roumanian street virus to produce Negri bodies : 

(a) Canine Rabies with Negri Bodies. 

Trepanned rabbits 
50 C(\ses 

Corpuscles 
38 times 

Absence of corpuscles 
12 times 

(b) Dogs suspected of Rabies : Absence of Negri Bodies. 

41 cases 17 times 14 times 

It will be observed that 24% of rabbits inoculated with brains 
having an abundance of Negri bodies showed no sigq of these 
formations ; the explanation should perhaps be sought in the fact 
that, at Bucharest, use is made of small rabbits, which die of rabies 
more rapidly; 

The 10 strains of street virus which we have studied in regard 
to their plasticity-that is to say, power of adaptation to the rabbit's 
brain-although selected at random-2 in man and 8 in dogs
display the same characteristic nine times out of ten. The ·duration 
of the period of incubation, whatever it might have been in the 
first passage, fell, in the second passage, to 6 days in one case, to 
5 days in one case, and to 4 days in 7 cases. In subsequent passages, 
incubation lasted 4 or 5 days, as though the virus had become fixed 
after a single passage. . 

If we adopt the terminology proposed by LF:vADITI,1 among the 
10 strains examined, we found 1 strain that had undergone " span
timeous mutation "(No. 1412, incubation 5 days in the first passage 
and from 4 to 5 days in subsequent passages), and 8 strains that 
were" easily_mutable ", 2 of them from human cases. 

1 Ann. Inst. Pasteur, 1926, 40, 973. 
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we believe that the frequency of this plasticity or ready adapta
bility of strains of stre~t virus will require to be determined 
by examination of a larger number of cases, since the patho?enic 
power of street virus and its plasticity are probably associated 
characteristics. 

So far as the neuroprobasis of our street virus is concerned, 
e.",.periments on mice sometimes show that this virus, when inocu
lated under the skin, reaches the cerebro-spinal axis after an incuba
tion period of 25 to 36 days, whilst the fixed virus, Bucharest strain, 
regularly produces paralysis in mice after 7 to 11 days. 

After the intracaudal inoculation {PROCA) of street virus into 
mice, the incubation period of rabies is usually short. Of a total 
of 56 white mice thus inoculated, 3' were paralysed in less than 7 days, 
38 between the 8th and the 15th day and 10 between the 16th and 
the 28th day, whilst 5, or 8.9%, survived.1 

The existence " in nature of reinforced or attenuated street 
viruses " (A. C. li1ARIE) was known at the time of the first Rabies 
Conference, the Koritschoner viru& representing the reinforced type 
and the virus of the so-called " mad-dog " sickness (ulu-fato of 
West Africa and Sudan), the naturally attenuated type, of lesser 
virulence fuan that of the commonly found street virus. 

Since the Conference, several strains of reinforced virus have been 
described (STUART and KRIKORIAN, D. JONNESCO, PALAWANDOW 
and SEREBRENNAJA, and J. L. PAWAN), which are noteworthy for 
their pathogenic action, and produce rabies in rabbits after an 
incubation period of 1 to 3 days. 

Save for their extreme virulence, the reinforced viruses do not 
appear to present unusual properties. It is true that the antigenic 
power of the fixed virus derived from these strains of enhanced 
vir~ence has not been studied, and that there is no evidence, based 
on experiments in cross immunity, to show that any· fixed virus 
gives protection against the reinforced viruses as efTectively as a 
passage virus of the latter type. It would be well if the contention 
that all anti-rabic viruses are" antigenically identical " (REMLINGER 
and BAILLY 2) could be studied more closely. 

1 
D. ~?SSEsco : " ~ingnoslic de In rage au moyen de l'ineculntion intra

ca?dale , C.R. Snr. Btol., 193-1, 116, 545. 
- .Ann. lnst. Pasteur, 1930,45,376. 
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Attempts have been made to assign a value to street viruses in 
terms of the limiting brain dilutions which are virulent for the 
rabbit, NICOLAU, lVIATiiiS and Mme. CONSTANTINESCU isolated, 
from a child which died of street rabies at Dakar, an autoch
thonous virus which was only virulent in a dilution of 1:500 at the 
4th passage. Dilutions of 1:1,000, 1:2,000 and 1:5,000 had no 
pathogenic action. On the other hand, a reinforced virus, isolated 
at Odessa by PALAWANDOW and SEREBRENNAJA, killed rabbits in 
dilutions of 1:75,000 instead 1:25,000 {Odessa fixed virus). Another 
reinforced virus, found in a rat at Istanbul, by ZEHOI MuAM~tER, 
was still active in dilutions of 1:500,000. RE~ILINGER, from whom 
we have borrowed these details, adds the findings of his personal 
research on various street viruses isolated in Morocco.1 

Among 11 street viruses examined, the minimum ac.tive dilutions 
were. : 1 :2,000 once, 1 :5,000 twice, 1:10,000 three times, 1 :50,000 
once, and 1:100,000 four times. 

The author observes that, " if virulence is taken to mean the 
aggressive or pathogenic power, concordance between the figures 
of the dilutions at which the various rabies viruses are active and 
their harmfulness for man appears highly improbable". 

This concordance appears to us all the less probable, when it is 
sought to establish it as between the behaviour of the rabbit infected 
through the cerebral route and the behaviour of man infected by 
bite. 

The method of dilutions might, however, yield valuable informa
tion of the pathogenic power of_ the rabies virus, even though it 
should be for the rabbit alone, if available technical processes made 
it possible to produce completely homogeneous emulsions, which 
is not the case. 

LEPINE, CRUVEILI-IIER and SAuTTER found that the 1:10,000 
emulsion of fixed virus, Paris strain, was virulent in 1 case out of 2, 
and the 1:50,000 emulsion in 1 case out of 6, whilst the 1:100,000 
emulsion was always inactive. REMLINGER himself, experiment
ing with ti~e " Podenko " street virus found 1:500 and 1:2,000 
dilutions to be inactive, whilst the 1:1,000 and 1:5,000 emulsions 
were pathogenic. As this scientist points out,2 " the regularity 

1 A1111. Jnst. Pasteur, 1937, 58, 377. 
• Ibid,, 1931,47, 643. 
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f th ults leaves something to be desired, and, in the tables 
o eres "II" 
recording the activity of the various dilutions~ gaps, or 10 es 

as we call them, are seen to occur ". . . 
If however, the higher dilutions act no less vtgorously than the 

stro~gest doses ; if, for instance, a rabbit infected with a .1 :500,000 
emulsion of fixed virus shows the first symptoms of rabies on the 
6th day, at the same time as a rabbit which has been given 0.25 c. c. 
of the 1:50 emulsion, so paradoxical a result arouses doubts as to 
the homogeneity of the dilutions and the value of the method of 

titration employed. 

* * * 
4. Cultivated in vivo, in the rabbit's brain, the virus undergoes, 

in the long rup, modifications which are not spontaneously reversible 
and are durable, and which are maintained by inoculations from 
brain to brain. The new type thus created is the passage viru;> or 
fixed virus. 

The constancy of it,s essential characteristics is not absolute. 
The research of REMLINGER, LEPINE, NxcoLAU, etc., has shown 
that the virulence, in especial, of a strain of passage virus, as well 
as its resistance to the action of attenuating factors, may change 
in one particular direction in the course of successive passages.1 

We ourselves have studied 2 strains of attenuated fixed virus, 
characterised by the prolongation of the period of incubation in 
rabbits, guinea-pigs and mice, and by the appearance of a capacity 
to produce Negri bodies, which our passage virus appeared to have 
finally lost. These 2 strains were isolated from the brains of mice 
which had been infected with the fixed virus, Bucharest strain. 
These animals,2 which had been treated with anti-rabic serum, had 
died of rabies after an extended period of incubation (42 and 57 days). 
Although the modified virus studied lacked stability, its cultiva
tion was kept up for more than· 15 months, and even in the 
27th passage (rabbit) incubation was twice as long as with our 
normal fixed virus.2 

.' P. LEPINE : J!abies. Rabies virus in the treatise or c. LEVADITI and 
~PINE: Les u/travrrus des maladies humaines, 1938, pages 395-488 • 

. G. PRoCA and D. JoNNEsco : " Sur une modification durable du virus 
rab1que de passage ", C.R. Soc. Bioi., 1935, 120, 1274. 
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The gradual modification of the passage virus, which is slow but 
appears to be" inescapable ", makes it necessary to apply a control 
of live vaccines in respect of the virulence of the fixed virus. For, 
unles~ that virulence is accurately known, there is some risk, and 
treatment may be either too weak or else too drastic and dangerous. 

The fixed virus, Bucharest strain, that was isolated in 1887 from 
the brain of a rabid wolf, produced, before the 50th passage, para
lysis in rabbits after an incubation period of 6 to 7 days. Now 
that the cultivation of this virus has been continued for 52 years 
by means of 3,204 passages, it causes paralysis after 4 days, and 
death 2 days later. 

The Jassy virus (Paris strain, 1891), which has been cultivated 
for 38 years by means of 2,671 passages, causes rabies within the 
same period of incubation (4 days), and the duration of the disease 
(2 days) is the same. 

It will be remembered that, i~ Paris, the rabbits intracerebrally 
inoculated .with the fixed virus showed the first signs of infection 
on the 6th day ; paralysis appeared on the 7th or 8th day, and the 
animal qied on the 9th or 10th.1 

At Bucharest, the degree of virulence has been determined this 
year by a series of tests, the findings of which are summarised in 
the following table : 2 

Fixed Virus, Bucharest Strain. 

(a) Emulsions prepared by Hand-grinding. 

1. Brain, dilution 1: 10,000 ; Inoculated dose 0.5; rabies 10 times out ·or 10 
2. • • 1 : 10,000 ; • • 0.2 ; • 4 • • • 7 
3. 1 : 20,000 ; 0.2 ; 6 • • 9 
4. • • 1 : 50,000 ; 0.2 ; 2 • 5 
5. Fresh cord (0) 1 : 10,000 ; 0.2 ; 3 • 4 • 

(b) Emulsions prepared with the 1Vlarble Mill. 

6. Brain, dilution 1 : 10,000 ; Inoculated do~e 0,5 ; rabies 5 times out of 5 
7. 1 : 10,000; 0.2; 6 • 7 

The period of incubation varies according to the dilution titre 
and the dose injected. Thus, paralysis occurs after 120 hours in 
all 10 cases under 1 ; after 108, 120 and 144 hours (twice) in the 

1 P. LEPINE : Loc. cit., page 443. 
• S. BoDES : Communication to the Bucharest Biological Society, meeting 

of July 6th, 1939. 
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4 cases of-No. 2; in 96, 120 (4 times) and 144 hours in the 6 cases 
of No.3 ; and after 144 and 168 hours in the cases of No.4. With 
the fresh cord of No. 5, the period of incubation is 144 hours and 

192 (twice). . . 
The emulsions prepared by means of the marble emulsifier yield 

shorter incubation periods. In particular, in the 5 cases of No. 6, 
the incubation is 84 hours, 96 hours (3 times) and 120 hours. In 
the 6 cases of No. 7, the periods of incubation noted are 72 hours, 
96 hours (twice), 120 hours (twice) and 144 hours. The rabbits 
sub-durally inoculated with 0.2 c.c. of 1:100 emulsion went down 
with paralysis after 72 and 96 hours. 

Sheep (10), of 24 and 34 kilogrammes body-weight, intracere
brally inoculated with 0.5 c.c. of 1:100 emulsion were stricken with 
paralysis on the evening of the '1th day. Death ensued 24 hours 
later. 

It is interesting to observe that the degree of virulence of the 
Paris strain (1,540 passages) is slightly less than that of the Bucharest 
strain (3,204 passages). As has already been seen, the 1:10,000 
brain emulsion of the Paris strain is virulent in 1 case out of 2, 
whilst the 1:50,000 emulsion is virulent in 1 case out of 6. 

The capacity of the virus to travel along the nerve from the peri-· 
phery to the nerve centres {LEvADITI's 1 neuroprobasis) is not always 
on a par with its virulence. When the rabbit is chosen as an 
e.xperin1ental animal, and the subcutaneous route is taken for the · 
introduction of the virus, the absolute innocuity of certain strains 
of fixed virus is established. In the case of the Bucharest strain, 
the effect varies with the dose injected. Thus, the dose of 5 c.c. 
of 1:100 brain emulsion appears to be harmless for rabbits (10 out 
of 10 inoculated animals survived), whereas, of 8 rabbits inoculated 
with 5 c. c. of 1 :20 _thick emulsion, 2 were paralysed, 1 after 16 days 
and the other after 18 days. 

In the case of mice, a comparatively heavy dose of 0.5 c.c. of 
a 1:100 brain emulsion injected subcutaneously paralyses 14 out 
of 20 animals after incubation periods of 7 days (6 cases), 8 days 
(6 ~ases), 10 and 11 days. 

The simultaneous injection of 0.5 c.c. of a 1:100 fixed virus and 
an equally concentrated street virus produces rabies in 11 out of 

1 C.R. Soc. Bioi., 1928, 98, 186. 
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20 cases ; 2 mice died without exhibiting characteristic symptoms. 
The incubation period was 7 days (4 cases), 8 days (1 case), 9 days 
(2 cases), 10 days (3 cases) and 15 days (1 case). · 

Lastly, when we made a subcutaneous injection, first, of street 
virus emulsion (0.5 c.c.) and, 5 to 7 days later, of fixed virus (0.5 c.c. 
of a 1:100 emulsion), 12 out of the·2o mice inoculated became para
lysed after an incubation period of 6 days (6 cases), 7 days 
(3 cases), 9 days (2 cases) and 10 days (I case). Clearly, therefore, 
the neuroprobasis of original street virus (wolf) subsists in theBucha
rest strain after more than 3,000 passages from brain to brain 
(rabbit) as a constitutional characteristic which is attenuated, 
certainly, but irremovable ; adaptation to the rabbit's brain does 
not finally efT ace one of the essential and almost hereditary features 
of the old original strain. 

With the subcutaneous inoculation test, two kinds of fixed virus 
can apparently be distinguished : (1) strains of positive neuropro
basis-Sassari, Odessa, Bucharest, etc.-and (2) strains having no 
neuroprobasis-Paris, Vienna, Budapest, Riga, etc. It should 
be observed, however, that this is an artificial distinction, as the 
position, as regards neuroprobasis, may change according to cir
cumstances. In Paris, A. C. MARIE found that, subcutaneously 
injected in small quantities, the fixed virus produced rabies in mice 
20 or 30 times out of a hundreci.l The same author later found 
that, of 15 mice similarly inoculated with Pasteur fixed virus in 
a 1 :40 dilution, only one contracted rabies (6.6%) ; of 10 mice 
treated with Indian ink 48 hours before infection, none succumbed.2 

The Bucharest strain, showing a clearly positive neuroprobasis 
with a dosage of 5 c.c. of a 1:20 emulsion, protects all the rabbits 
inoculated (10) if they are given a subcutaneous injection of 5 c.c. 
of 1:100 brain emulsion. 

Consequently, the subcutaneous inoculation test, even if tried 
out on a large number of susceptible animals of a particular species 
(dog, rabbit), will not supply exact information as to the positivity 
or negativity and the extent of the neuroprobasis of a fixed virus 
utilised as a live vaccine. Only the cfTects ensuing on virulent 
injections in the subcutaneous cellular tissue of man will enable 

1 Reporls lo lhe Rabies Conference. 
' C. U. Soc. /Jio/., I 929, 101, page G. 
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an unequivocal answer to be given to a question, which is nowadays 
less harassing than in the past : Can a fixed virus used as a vaccine 
transmit rabies ? 

* * * 
5. At the first International" Rabies Conference, A. C. MARIE 

pointed out that it was difficult to say whether the fixed virus was 
innocuous or virulent for man. " The views of PASTEUR himself, 
PFEIFFER and J. KocH have been generally accepted, and fixed 
virus has always been regarded as possessing no pathogenicity for 
man." A. C. MARIE considered that" the injection of fixed virus 
into the cellular tissue of the abdominal region is unattended with 
risk ", but added" such considera~ions are only applicable to certain 
strains of fixed virus and not to others ". 

Nevertheless, the clearly established cases of laboratory rabies 
-1 observed by FRANc;:.\, the 8 cases of ascending paralysis, occur
ring during vaccinations and traced in the literature on the subject 
by KozEwALow, 1 case observed. by NEUFELD, and McKENDRicK's 
2 cases-left no doubt as to the pathogenic eiTects of fixed virus 
isolated from the brain in these cases. 

Similarly, the papers published as a result of KozEwALow's 
observations-MARIE mentions those of SmoN' PFEIFFER, LUBINSKI, 
GEIGER, LEvi, CUM)IING, PHILIPS, HARis and· PAPAMARKu-all 
agree as to " the preponderating part played by fixed virus in the 
etiology of post-vaccinal accidents". 

Ac{'ordingly; at the close of the discussion on the pathogenicity 
for man of the fixed virus, the Conference, while agreeing that, in 
most cases, " living fixed virus injected under the skin is inno
cuous ", adds that, " in exceptional circumstances, . . . it 
may be infective ". 

P. BASSOE and R. GRINKER have since published (1930) a report 
on the case of a woman who, though she had not been bitten, under
went anti-rabies treatment for 14 days ; symptoms of the Landry 
type of paralysis appeared and she died a month later. 

In 1935, REMLINGER reported his observations of 3 cases of fatal 
ascending paralysis after anti-rabies treatment by the dilution 
method ; in 2 cases, fixed virus was isolated from the brain ; in the 
3rd case, no autopsy was made, but the doctor in attendance had 
allowed himself to be prevailed upon to give treatment, although 
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no genuine infection had occurred. In this latter case, the symp
toms, the course of the paralysis and the very close analogy between 
this case and that of a patient simultaneously following the same 
treatment, and alYording a thoroughly reliable demonstration 
of the nature of the accidents, all pointed conclusively to a diagnosis 
of fixed-virus rabies.1 

At the Babe!i Institute, an opportunity alTered of isolating fixed 
virus from the brain of 2 cases treated at Cernaup. in 1933 by the 
Hggyes method. The Director of the Anti-rabies Station there had 
observed several cases of facial paralysis in the persons treated and 
attributed them to the fixed virus strain (Jassy) which he was 
using and which he then replaced by the Bucharest strain. Imme
diately after the change had been made, two cases of paralysis 
with a fatal issue occurred among the persons treated with the new 
vaccine. The investigations which the anti-rabies institutes of 
Bucharest and Jassy were asked to make proved the existence in 
these cases of a rabies virus having the essential characteristics of 
a fixed virus. 

Few cases are known of paralytic rabies followed by death B:nd 
positive inoculation in rabbits ; according to RE"-ILINGEn,, not more 
than 30 can be traced in medicalliterature.2 The same authority, 
however, believes that the term " laboratory rabies " should be 
given a considerably wider extension, so as to include cases of fatal 
post-vaccinal paralysis in which the inoculation is, however, nega
tive (auto-sterilisation), slight myelitis and mild neuritic paralysis 
usually aiTecting the facial and oculo-motor nerves, 

Though, as. REMLINGER points out, there is a great tendency 
nowadays to regard the fixed virus as responsible for such accidents, 
it has to be admitted that their pathology is rather obscure. To 
explain even the pathogenesis of fatal paralysis, references are 
made to" incautiousness in handling the fixed virus, certain cosmic 
influences capable of transforming a passage virus attenuated for 
man into a pathogenic virus", and lastly more factors more easily 
grasped, such as the injection ofvirulentcords too early orin excessive 
quantities. 

1 P. RE)ILINGER : " La rage dilc de laboratoirc ", ,tnn. Insl. Pasteur, 1935, 
Numcro conun<hn. de Ia rage. 

' Loc. cit., page 66. 
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RE~ILINGER also draws attention to the " brutal e!Tect of a sub
cutaneous injection which lacerates the peripheral nerve ramifica
tions and exposes a."tis cylinders to complete immersion in a virulent 
emulsion". In experiments on the intracaudal inoculation of mice, 
the number of positive cases was found to increase when thicker 
needles were used, probably because they caused q~ore extensive 
lesions and were oalculated to injure or lacerate the fine nerve 
network of the surrounding tissue. 

When the cause of the accidents has been traced.....:..fixed virus 
in the cases yielding positive inoculations into animals-their 
pathogenesis must be studied. My own observations lead me to 
believe that the body-defence reactions in the subjects which have 
had a subcutaneous injection of fixed virus may be a factor of 
primary importance in the causation of post-vaccinal accidents. 

The resistance of animals susceptible to rabies when infected 
through some other route than direct injection into the brain 
varies from one animal to another within limits' which depend on 
the species concerned. What might be termed the resistance rate 
of mice, for instance, is 70 or 80% in the case of the Paris strain 
subcutane.ously innoculated, but only 30% in that of the Bucharest 
strain. Using the same method of inoculation, a rabbit's resistance 
is 100% in Paris and 75% in Bucharest, if the test is made with 
strong doses of brain emulsion. 

The resistance of the human organism to street virus is estimated 
at more than 80%, taking all kinds of bite together. Its resistance 
to fixed virus introduced into the subcutaneous cellular tissue must 
be much greater, judging by the very few post-vaccinal accidents 
occurring in persons treated with virulent cords. 

Nevertheless, whatever its magnitude, the natural resistance of 
the organism may fail in some circumstances. A. C. MARIE has 
shown that the almost complete immunity of a guinea-pig inoculated 
through the peritoneal route is overcome if the blockage of the 
reticulo-endothelial system is brought about.l · 

I~ human beings, it has often been found that" among the predis
posmg causes " of post-vaccinal paralytic accidents " alcoholism, 
syphilis, neuropathic constitution, cold, fatigue ·and overwork 
are important " (MARIE).2 

' Ann. Inst. Pllllleur, 1934. 
1 Reports to the Conference, page 8. 
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Among the causes likely to weaken the resistance of the orga
nism, there are certainly unknown factors whose operation at any 
particular moment cannot be foreseen. So long as we known 
nothing of these causes and are unable to counteract their depressing 
influence, fixed virus will remain dangerous, whatever precautions 
may have been taken regarding the doses injected and the way 
in which the virus is administered. 

Fixed virus having been isolated from the human brain in cases 
of post-vaccinal paralytic accidents, experiments proving that this 
virus, when injected under the skin of animals, does not become 
generally disseminated in rabbits, dogs or baboons (REMLINGER, 
NrcoLAU, KoPCIOWSI<A, J. VAN GENDEREN} cease to have any valid 
bearing on the cases of inoculated persons. Moreover, in the 
experiments made by QuAsT, STUART and KRIKORIAN, R. SoLDATI 
and BussoN, the brain of animals inoculated under the skin some
times became virulent and was found to contain fixed virus. The 
di!Ierences in the neuroprobasis of the strains used might explain 
the discordance of the results, though other factors may also be of 
importance. 

This would seem to settle the question, which used to be keenly 
contested, of the pathogenic e!Iect of fixed virus and to suggest 
the following rule based on observation of the facts : To be quite 
sure of avoiding laboratory rabies, do not use virulent cords but 
replace them by " chemical " vaccines, the immunising power of 
which .is certain. 

Moreover, there is not necessarily any relation between the viru~ 
lence of rabies emulsions and their vaccinating properties. The 
virulent components can be killed by antiseptics (carbolic acid, 
ether, formalin) or neutralised by anti-rabic serum (l\'IARIE), without 
the emulsions being thereby deprived of their immunising power. 
Rabies antigen is more complex : it is the in vivo culture of the 
parasite with its infected neurones, its products of the metabolism 
of the infective germs and of the parasitised cells and its products 
of autolysis or of cell-disintegration. When this complex antigen 
is replaced by a fixed virus, freed from most of the above impurities, 
the organism undergoing vaccination behaves as though, for a time, 
it permitted a slow dysgonic growth of the vaccine virus. 

In the case of the Bucharest strain, the properties of the rabies 
antigen, ,vhether natural or modified by drying, heating or 
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antiseptics, have been studied in detail by BABE~, and his pupils1 both 
in the laboratory and in practical inoculations made onlmman beings. 
The rabies antigen of the Bucharest Institute confers complete 
immunity, and the blood of the animals inoculated quickly becomes 
rabicidal. The neutralising titre of the serum seldom exceeds 
1:20, but its effect in vivo is undeniable. 

Recent studies ~ade of the immunising power of the carbolised 
antigen led us to utilise for the preparation of anti-rabic serum 
this avirulent vaccine, which is more easily tolerated by animals 
(asses). The Institute also supplies the carbolised vaccine to a 
number of departmental anti-rabic treatment stations, as well as 
for the inoculation of dogs and domestic animals. 

* * * 
6. The possible general dissemination of the fixed virus in the 

organisms of vaccinated persons is not the only risk inherent in 
immunisation by live vaccine. 

It was denied that attenuated but still somewhat virulent cords 
could have a decisive influence on the course of the disease before 
2 or 3 weeks, reckoning from the beginning of the treatment. At 
the first Rabies Conference, A. C. MARIE declared that " all cases 
of death occurring within 15 or 20 d~ys after the beginning of the 
treatment must be attributed exclusively to the bite-that is, to 
street virus ".2 It would, however, be advancing a theory rather 
than a properly verified fact of observation to claim that, in such 
cases, street virus was the only cause. 

As far back as 1906, NITSCH showed that, in Paris (1897-1904), 
Warsaw (1895-1904) and Cracow (1893-1905), the incubation 
periods for rabies were shorter in the case of persons treated than 
those not treated.a 

The follo"l\ing table summarises NITSCH's statistics : 

Institutes 

I. Cracow . o 0 o o 0 0 0 0 0 0 0 0 0 

2o Paris o o o o o o 0 0 0 0 0 0 0 0 0 0 

3o Warsaw o o o 0 0 0 0 0 0 0 0 0 0 0 

4o Cracow, not treated 0 0 0 0 0 

Period or 
incubation 

Days 
23-47 
16-45 
21-45 
19-48 

1 Traile de Ia rage, Paris, 19120 ° 

: Report to the Conference, page 64o 
Zblo/o Bakto Oo, 1906, 42, 6·17. 

Deaths 

22 out of 37 
27 out of 42 
29 out or 40 
~6 out or 100 

Percentage 

60 treated 
64 treated 
72 treated 
36 not treated 
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The problem raised by NITSCH was of special interest to us ever 
since we had observed the exceptional frequency of deaths follow
ing short incubation periods among persons treated in the anti
rabies institutes of Cluj and Bucharest. 

According to documents published by the Cluj Instittite,1 the 
rabies il).CUbation period among patients in 1923~1927 was very 
often short-e.g. : 

Less than 30 days in 37 out of 50· cases, for which the 
incubation period was known, or 7'.1% ; 

31-60 days in 9 out or' 50 cases, for which the incubation 
period was known, or 18% ; 

More than 200 days in '1 out of 50 cases, for which the 
incubation period was known, or 8%. 

In the next five-year period (1928-1932), incubation lasted less 
than 40 days in 50 out of 58 cases, or 87%. 

The statistics of the Babes Institute on the rabies incubation 
period were published in two notes compiled in 1935 and 1936,2 

and in a general survey published in connection with the Institute's 
fiftieth anniversary.3 The chief data are summarised hereunder : 

I. Between 1925 and 1933, rabies in the persons treated developed 
in the firsl month, 13-30 days after the bite-viz. : 

In children (up to 15 years of age), in 34 out of ,16 fatal cases, 
or 73.9%; 

In persons over 15 years of age, in 28 out of 53 fatal cases, 
01; 52.9%; 

In persons of all ages, in 62 out. of 99 fatal cases, or 62.6%. 

II. Comparison of the incubation periods of treated and untreated 
persons in the age-groups 0-15 years and 16-25 years gives the data 
summarised in the following tables : 

A. Incubation Period from 11-30 Days (All Biles). 

Persons not treated 
Children (0-15 years) 33 out of 70 fatal cases, or 47% 
Persons from 16-25 

years . . . . . . . . . . . 3 out of 31 fatal cases, or 9.7% 

Total . . . . . . . . . 36 out of 101 fatal cases, or 35.6% 

Persons treated 
34 out of 46, or 73.9% 

11 out of 22, or 50% 

•15 out of 68, or 06.1% 

1 M. BoTEZ : Vaccinarea anlirabicil. /a Cluj and Ann. !Itsl. Pasteur, 1935, 
Numcro commcm. de In rage. 

' G. PnocA : Bulelinul Serviciului anlirabic. 
• Romdnia medica/a, Apri11938, page 93. 

7 
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B. Incubation from 11-30 Days and Site of Biles. 

1. Biles on the head. 
Persons not treated Age 

0-15 years . • . . . . . 19 out of 70 fatal cases, or 27.1% 
16-25 years . . . • . • . 3 out of 31 fatal cases, or 9.6% 

2. Bites on the upper limbs. 
0-15 years . . • • • . • 12 out of 70 fatal cases, or 17.1% 

16-25 years . . . . • . • 2 out of 31 fatal cases, or 6.4% 

3. Biles on the lo!Ver limbs. 
0-15 years 2 out of 70 fatal cases; or 2.5% 

16-25 years ..•.... 

Persons treated 
29 out of 46, or 63% 
11 out of 22, or 50% 

3 out of 46, or 6.5% 
2 out oC 22, or 9% 

1 out of 46, or 2.1% 

In cases of head bites, tl1e great differences between persons 
treated and those not treated was due to the severity of the original 
injuries and the fact that tl1e treatment is followed mainly by 
persons with very grave lesions. 

The note summarised concluded as follows : " Our comparative 
statistics, which di!Ier from- those of NITSCH in that they refer to 
cases picked out of the same population, do not confirm. the sus
picion that anti-rabies treatment might artificially shorten the 
incubation of the disease . . . . Treatment has never brought 
the incubation period for rabies below the shortest period observed 
in untreated cases. The special frequency of short incubation 
cases and cases where rabies developed in the first month after the 
bite, whether among treated or untreated persons, merely reflects 
the severity of the infectious bites and the virulence of the specific 
autochthonous agent." 

Notwithstanding this seemingly justifiable conclusion, it l1as to 
be admitted that the fixed virus might not impossibly accelerate 
the course of the rabies .infection either by producing blockage 
phenomena or by changes in the humoral fluids or tissues of the 
neural axis in particular. The hypothesis that the fixed virus 
inhibits the defensive reactions of the organism is worth putting 
to the test of experience, especially since our knowledge of the 
etiology of post-vaccinal paralytic accidents no longer a]Jows us 
to exonerate the virus a priori. 

In the first place, it may be~pointed out that, in Paris, deaths 
after a short period of incubation were very common ·between 
November 9th, 1885, and December 31st, 1886, a time when" ;.r;Lensive 
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treaiment " (3 inoc~lations daily and administration of virulent 
cord on the 1st, 3rd, 6th and 10th days) was given. Of 18 fatal 
cases, there were 9 in which incubation lasted less than 3 weel's 
(2 to 19 days after the end of the treatment).1 Later "we 
abandoned this somewhat drastic method of treatment, which 
was liable to entail certain dangers ".2 ·Deaths of treated 
patients during treatment and generally after less than 30 days' 
incubation then became the exception, but the Pasteur Institute 
in Paris no lo1iger uses 1-day and 0-day cords. 

The Buclmrest and Cluj Anti-Rabic Institutes have throughout 
applied intensive treatment in cases of head bites, always using 
the most virulent cords. At Cluj, 2-day cords are injected on the 
3rd day of treatment, 1-day cord on the 4th day, and fresh (0) cord 
associated with an unhealed brain emulsion on the 5th day. In the 
case of head bites, this treatment is repeated 4 times. Even in 
cases with no apparent lesions, fresh cord emulsion is injecte~ on 
the 5th and 9th clays. a 

At Bucharest, in cases of dangerous bites, the authorities have 
long been accustomed to use fresh (0) cord emulsions on the 3rd 
or 4th day, and sometimes on the 2nd day, of treatment. Students 
of BAnEs have loyally obeyed the master's teaching that" the most 
virulent cords most promptly induce the condition of greatest resistance 
to the disease " and that" the organism may be prepared in a single 
day by a single series of 6- to 0-day cords " (1'reatise on Rabies, 
Paris, 1912). 

The following statistics of the Babe~ Institute for 4 ten-year 
periods (1904-1933) show that, as a result of the intensive treat
ment above described, cases of short-incubation rabies are indeed 
exceptional : 

Deaths after Short Incubation. 

10-year periods 
1894-1903 •.••••..••..•....•... 
1904-1913 •.••......•.......... 
1914-1923 ...•................. 
1924-1933 ......••......••..... 

Per 100 deaths 
(treated) 

84.7 
81.1 
72.5 
70.3 

1 PASTEUR: (Euorcs, Vol. VI, page 863. 
• LEPINE and CnuvEILliiER : Ann. lnsl. Pasteur, 1935, Numero commt!m. 

de Ia rage, page 20. 
• JII. RoTEZ, Vaccinarea anlirabica Ia Cluj, page 8. 
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Since 1933, one of us, as Director of the Anti-Rabies Service, 
has introduced a few modifications in the system of treatment 
and · following the precedent set by the Pasteur Institute, has 
e.xciuded 1-day and 0-day cords ; these were no longer used in 
1936 and 1937. The results will be seen from the following table : 

Deaths after Short Incubation in the Case of Treated Persons. 

Per 100 deatl1s 
Year from rabies 

1934 ..........•.............. 
1935 ••............•.......... 
1936 ...•..................... 
1937 ........................ . 

46:1 
42.8 
27.7 
10.0 

The decline in recent years, connected as it is with the change in 
treatment, is so substantial and so abrupt that it cannot be attri
buted to any attenuation of the virulence of the pathogenic agent 
(street virus), or other fortuitous reasons.1 

The following comparative table clearly shows the eiTect of the 
modified treatment on the incubation period for rabi~s : 

Deaths of Treated Persons. 

Incubation period 1933 1934 1935 1936 . 1937 

13-30 days •.......•..... 15 deaths 6 6 5 2 
31-60 " ·············· 4 " 3 3 3 6 
61-90 ,, .............. 3 " 

1 1 4 7 
l\Iorc than 90 days .•..... 0 " 3 4 8 to• 

It is true that, in cases of serious bites, we have, since 193,1, 
applied anti-rabic serotherapy; but the serum was injected in 
sometimes inadequate quantities and the number of persons treated 
with serum was relatively small. The practice of using heated brain 
emulsions was continued, but with no eiTect on the period of 
incubation. 

It follows from all the above observations that there is some 
danger that the intensive treatment applied at Cluj and, before 1936, 
at Bucharest may unpredictably accelerate the progress of the 
rabies infection. The age of the persons bitten (0-15 years) and the 

1 <!· !'RoCA .: " !tevision of Anti-rabies Treatment Methods " (In Roumanian), 
Romama med1cala, April lst, 1938. 

• The incubation period in these cases was · 101 105 108 138 131 174 
205, 270, 330 and ;157 days. . · ' ' ' ' ' ' 
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fact that the bites were situated in the head would seem to facilitate 
the general dissemination of"the street virus under the action of Jive 
vaccines. 

A later paper by J. DoDERO 1 confirms my view of the influence 
of treatment on the incubation period. The death rate among 
treated natives after less than one month's incubation was 6<1%, 
while among untreated natives it was 40%. "Anti-rabies treatment 
would therefore seem to shorten the period of incubation." 

J. GENEVRAY and J. DoDERo concluded in 1934 that" the 
introduction of 1-day and 0-day cords into the treatment schemes 
and the more widespread application of drastic treatments greatly 
diminished the death rate in the case of persons who underwent 
anti-rabies treatment.2 A study of the authors' tables B and C 
shows, however, that, before the modifications shown were made, 
" stubborn " cases-that is, cases with long periods of incubation
represented 25% of the deaths, whereas, after the introduction of 
1-day and 0-day cords, the number of long incubation cases was 
more than halved (11.8%), which means that incubation was 

· shortened after this modification in 88.2% of the cases (formerly 
75%). 

7. The possible action of a fixed virus on the development of 
rabies in persons infected by bites is not an isolated fact for 
which there is no precedent. L:E:vADITI and NrcoLAU" have shown 
that, if one and the same rabbit is given an injection of 2 neurotropic 
viruses, such as the herpes virus and neurovaccine, these viruses 
may live together for a certain time. Nay more, one of them may 
cause a latent infection induced by the other virus to develop or it 
may facilitate the growth of the latter in an organism unreceptive 
to it.3 

Does not the evidence adduced indicate that, in some cases, the 
fixed virus, used as a vaccine, may facilitate the dissemination and 
growth of the street virus in the organisms of persons bitten ? 

Apart from this, the same authors have seen that, " if the fixed 
virus is administered during the incubation period to rabbits which 

1 •• Sur Ia durc!c d'incuballon de Ia rage au Tonkin", Ann. Jnst. Pasteur, 1938, 
61, 193. 

• ,lnn. Inst. Pasteur, 1934, 52, 352. , 
• LEVADlTI, NICOLAU and :Mlle. ScHCEN: "Recherches sur Ia rage , Ann. 

lnst, Pasteur, 1926,40, 937. 
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have first been inoculated with street ·virus {Negri 
bodies) are less frequent in proportion as the injection of the fixed 
virus is nearer in time to the beginning of the incubation period ". 

Though the interpretation of the phenomenon is not clear, it 
suggests that the fixed virus acts on the brain infected by the street 
virus and perhaps on the latter itself. 

DwiJKOFl' and BoaoLowsKI, GERLACH and ScHWEINBURG, 
quoted by BussoN, and the latter author himself,1 agree that an 
anti-rabies injection will prevent or stop the formation of Negri 
bodies in the brains of bitten animals or persons who have been 
treated. . 

Some recent experiments by LEPINE and SAUTTER 2 show that 
rabbits which have been vaccinated for 10 to 15 days with dried 
cords 4, 3 and 2 days old are sensitised towards street virus inoculated 
by the intra-cerebral method 10 days after the treatment is ended. 
The rabies incubation period is from 9 to 18 days in 7 cases out of 9 
among such animals, whereas, among rabbits treated only for 
5 days and given 4-day old cords and once a 3-day old cord, the 
incubation period was longer-i.e., 20 to 44 days-in 4 cases out of 5. · 

Whether it inhibits or weakens the defensive reactions of the 
organism, the influence of fixed virus on the development of rabies 
in vaccinated bitten patients is still hard to understand. It may 
be pointed out in this connection that what is mo:.t important 
in this connection is the actual fact of the phenomenon, and not its 
explanation. 

8. A counter-proof of our demonstration was soon forthcomiqg. 
In 1938, the interim-management of the Bah~ Institute reverted 
to 1-day and 0-day cords, but took the precaution, which the 
experience of the previous years had show~ to be absolutely essential, 
of only using such cords after longer preparation. In the case of 
serious bites, 1-day and 0-day cords were only given on the 5th day 
and repeated on the 11th, 16th and 21st or 25th days. At the 
same time, the injection of anti-rabic serum from the beginning 
of the treatment was continued in accordance with our former 
practice (1934-1937). 

~ "Ober den Einfluss der Schut~impfung auf die Ausbildung der Negri
Korperscben lm_menschllcben Gehirn ·•, Zbl. f. Bakt. 1 1929 115 135 

' C.R. Soc. B1ol., 1939, 130, 617. ' ' ' ' · 
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If we take as a basis of comparison the year 1933, when serum was 
not used and 1-day and 0-day cords were abused, it will be seen 
what effect intensive treatment may have on the course of rabic 
infection. For head bites, formerly treated with the most virulent 
cords, we find the following figures in the records of the Babe~ 
Institute : ' 

Period of incubation 1933 1937 1938 
12-30 days .......... 11 deaths 1 death 2 deaths 
31-60 .......... 0 1 2 
01-90 " ·········· 2 " 1 2 
More than 100 days .. 0 3 1 

Total .......... 13 out of 21 6 out of 25 7 out or 21 deaths 

In 1933, 1-day and 0-day cords were administered 7 times from 
the 2nd day of treatment and G times from the 3rd day ; in 1937, 
the use of these cords was abandoned, and, in 1938, they were 
injected on the 5th and 6th day, anti-rabic serum being associated 
with the live vaccines during these two years. The conclusion 
which emerges is that intensive treatment shortens the period of 
incubation of rabies, while the treatment with serum and no. 1-day 
or 0-day cords prevents this more effectively than the scheme of 
treatment used in 1938 (6-0 day cords and serum). 

The statistics of the Babe~ Institute for seven years (1932-1938) 
also show that the exclusion of 1-day and 0-day cords and the use of 
anti-rabic serum greatly decrease the number of deaths during 
treatme~t ; the figures are as follows : 

Year Live vaccine Serum Deaths during treatment 

1932 ..•...• 6-0 day 6 out or 13 vaccinated persons 
died of rabies 

1933 .....•. 6-0 
" 

9 21 
1934 ••..... 6-0 " 

40 cases treated 6 13 " 1935 6-0 " 179 4 14 
1936 6-2 " 197 1 

" " 18 
1937 6-2 " 314 1 " " 

25 
1938 6-0 " 241 1 " " 

21 

The decrease in the number of. deaths occurring during treatment 
in 1936 and 1937 is particularly significant, as these deaths are 
usually due to head bites, and it was in these particular cases that we 
used anti-rabic serum. 
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Encouraged by the results of previous experiments on the in vivo 
action of the specific serum (y. BABE~, A. C. MARIE, REMLINGER, 
FER~n, SPERANSKI, etc.), and by our own research,1 we began, in 
1934, to treat with anti-rabic serum persons bitten on the head and,· 
in more exceptional cases, those seriously bitten on the upper limbs ; 
the serum being injected from the 1st day of treatment. a . 

The preliminary trials from 1934 to 1937 led us to conclude that, 
· in cases of head bites, anti-rabic serum administered in sufficient 

doses from the beginning of treatment acts as an adjuvant of active 
Pasteur immunisation. Its in vivo action in human beings is 
reflected in the reduction of the death rate. The deaths which 
occur in spite of the serum treatment generally take place after an 
incubation of 3 to 4 months, even in the case of children bitten on 
the head. 

The prolongation of the period of incubation makes it possible t'J 
complete the treatment and, in the most severe cases, to attempt 
to strengthen the acquired immunity, which is occasionally feeble, 
by a new series of vaccination injections. 

We were compelled to introduce a method of mixed treatment
serotherapy associated with Pasteur vaccination-by the present 
prevalence of rabies in Roumania and by the frequently established 
fact that autochthonous street virus possesses enhanced pathogenic 
power. 

To the conclusions which we reached in 1937, we may now add 
that anti-rabic serum often prevents the harmful action of live 
vaccines, even in the case of 1-day and 0-day cords. 

In the course of five years, 971 persons who had been bitten were 
treated with serum at the Babe~ Institute : 

1934 
1935 
1936 
1937 
1938 

Year 

························· 
························· 
························· ························· 
························· 

5 years ..................... .. 

Treated with serum Deaths 

40 
179 
197 
314 
241 

971 

1 
4 
5 

13 
9 

32-i.e., 3.29% 

: C.R. Soc. Bioi., 1931,115, 1001 and 1313. 
I thG:noCA,.S. Boo£~ and D. Jos:o~Esco:" Serotherapy of Rabies" Bulletin 

o e oumaman Academy of Medicine, Vol. IV, No. 5. ' 
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In cases of head bites, the e!Tect of serotherapy on mortality is 
obviously definite; though inconsiderable. For instance, with the 
intensive treatment without serum, as applied from 1932 to 193,1, 
the Babe~ Institute recorded 24 deaths among 1,182 persons bitten 
on the head-i.e., 2.03%; the introduction of serotherapy associated 
with less drastic treatment brought the death rate down to 1.41% 
(17 deaths among 1,203 persons bitten on the head in the period 
1936-1938).1 

Serotherapy exerts a far greater influence on the period of 
incubation than on the death rate, as is shown by the following 
table: 

Head Bites. 

Period of incubalion 

12-30 days ....•..•...........• 
31-GO , ••.•••....••.•••••• 
61-90 " •........•......... 
:i\:lorc than 100 days .......... . 

Total ....•..........•••• 

Persons treated 
without serum 

(1932-1934) 

21 deaths 
0 
2 
1 

24 deaths 

Persons treated 
with serum 
(1936-1938) 

4 deaths 
3 
3 
7 

17 deaths 

It will be seen that, willzoul serum, the cases of rabies with a long 
period of incubation (above 60 days) represent 12.5% of the deaths ; 
the use of serotherapy increases this percentage to 58.82%. 

This increase in the period of incubation makes it possible to 
strengthen the immunity by supplementary injections. In these 
cases, revaccination is greatly facilitated by the use of carbolised 
vaccine. 

* * * 
9. The ill e!Tects produced by the fixed virus used as a vaccine 

may, in theory, be classified under three headings : (a) laboratory 
rabies with fixed virus ; (b) mixed rabies with atypical symptoms 
caused by the concurrent action of the fixed virus and the street 
virus; and (c) short-incubation rabies due to the diiTusion of street 
virus under the influence of the fixed virus. 

(a) The distinguishing characteristics of fixed virus rabies lie in 
its etiology rather than in its symptoms or in the course taken by 

1 See Annexes : Rabies afler Bites on the Head, l and II. 
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the disease, since street rabies sometimes assumes clinical forms 
which strangely resemble laboratory rabies. 

The etiological diagnosis of rabic paralyses is essential in all cases, 
but is at times difficult (J. KocH, H.EMLINGER, etc.). The case 
studied by G. MARINESCO and St. DRAGANESCO 1 may be mentioned 
as an example ; it relates to a person treated at the Babe? Institute 
for two scratches on the back of the thumb. After 13 days' treat
ment with 6-0 day cords and heated brain emulsions, the patient 
developed paraplegia, the subsequent course of which assumed the 
form of a serious syndrome, ending in death on the 6th day after the 
first ill effects and 19 days after the bite. The 1-0 day cords were 
used for the first time on the •lth day. 

The virus isolated from the brain acted after a shorter period of 
incubation-i.e., 5 to 6 days from the first subdural inoculation 
(instead of 7 days in the case of the Bucharest fixed virus) and 4 to 
5 days in the passage experiments. " Accordingly, the two viruses 
showed a certain difference and are not identical." Since there 
are, in nature, strains of street virus which are similar in character, 
and particularly in period of incubation, to the fixed virus, the 
authors conclude that this fact" makes it highly probable that, even 
in the case in question, the virus was a reinforced street virus which 
the preventive treatment was unable to influence ". 

The hypothesis has not been confirmed, but everything suggests 
that comparative tests on rabbits and dogs would have settled 
the question. · 

(b) Mixed rabies is not known or has not been recognised in human 
beings. The fixed virus isolated from the brains of vaccinated 
persons who died of paralytic rabies showed the characteristics of 
a pure virus ; it may be wondered whether it was really so from 
the beginning in the vaccinated persons' neural axes. This would 
seem to be doubtful. The inoculation of rabbits is not an infallible 
procedure for detecting the simultaneous presence of the two viruses. 
When a mixture of equal parts of the street virus and fixed virus 
is injected into rabbits, it is found, as in A. C. MARIE's experiments, 
that, " although they are animals which are used to obtain the 
fixed virus, 6 times out of 15 they contract street rabies after the 
injection of the mixture ".2 

1 Ann. lnst. Pasteur, 1935 M, 299. 
• "Scnsibllile du cobaye a' Ia ;age", C.R. Soc. Bioi., 1930,103, 868. 
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P. REMLINGER and J. BAILLY, who investigated the question 
whether it was " possible to detect the simultaneous existence of 
street virus and fixed virus in a rabic brain ", gave an affirmative 
answcr,l but recommended the inoculation of the suspected bulbar 
material: {1) under the dura mater of a rabbit, (2) in the anterior 
chamber of the eye of another rabbit and (3) in the anterior chamber 
of the eyes and neck muscles of two dogs. The authors spc~ify that 
the animals should be studied from the point of view of the period 

·of incubation, the date of death, the symptoms of paralysis or 
excitation shown and the existence of Negri bodies. The authors 
point out that" success is not inevitable. It was achieved several 
times at Vienna by BussoN. "2 

Other separation procedures must be tried, for, when live vaccines 
are used, the fixed virus is introduced into an organism already 
infected by street virus, and these viruses may not impossibly act 
together and cause mixed rabies. This double etiology, if confirmed 
by experience, may perhaps explain the atypical symptoms of rabies 
in certain cases. 

(c) Rabies with a short, or shortened, period of incubation is said 
to be due to the activating action (sensu LE:vADITr) of the fixed 
virus, which brings out the latent infection caused by the other 
virus, a But the question arises whether this malignant rabies is not 
in reality an unknown mixed rabies and whether the strains of 
reinforced virus isolated from the brain in such cases were pure 
and always belonged to the class of street virus. 

The etiology of this malignant form of rabies is obscure : the 
possible action of reinforced strains does not explain all cases. 
Moreover, we have laid great stress on the causal connection between 
the intensity of the treatment and the frequency of short-incubation 
cases. 

The explanation suggested by the investigations of LE:vADITI 
and his collaborators appears to us very probable, as a working 
hypothesis may help to guide research. 

1 C.R. Soc. Bioi., 1928, 98, 519. 
• Studies on Rabies, 1938, page 74. 
• L:EvADITI, NzcoLAU and l\IIle. SemEN: Ann. lnst. Pasteur, 1926,40, 937. 
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* * * 

10. The fixed virus deposited under the skin is an immunising 
factor while at the same time a contagium vivum and acts diiTerently 
according to the relation between its power to infect power and 
that of the organism to resist. When the local and general defensive 
reactions are comparatively weak, they are unable to stay the 
development of the virulent components or prevent their wide 
diffusion and the invasion of the neurones ; the disease then breal<s 
out in the form of rabies or a post-vaccinal accident. This contin
gency is quite exceptional in view of the natural_ resistance of the 
organism to the rabic virus. In the vast majority of cases, the 
unreceptive state, or immunity, is established under the action of 
the vaccine virus. In the condition of definitive immunity, the 
two viruses become harmless to the host (total autosterilisation ?). 
Immunity is, however, at times incomplete, fragile and transient; 
the virulent components, which are at first localised in one point 
of the organism, pass at a given moment from the latent state to 
active life and rabies breaks out after a period which may he very 
lengthy has elapsed since the end of the treatment. These cases 
·are known as" treatment failures " or real insuccesses, the frequency 
of which would indicate the value of the immunisation method 
employed. 

The cases of rabies with a prolonged period of incubation have 
become more numerous at Bucharest since we associated serotherapy 
with anti-rabic vaccination. According to the experience of 1936 
and 1937, the bites on the upper limbs furnish the highest percentage 
of rabies with a long period of incubation ; this fact appears to 
indicate that we are dealing, in these cases, with a condition of 
incomplete immunity or of" failure" of immunity (NICOLAu), since 
the period of treatment is always shorter than in the cases of bites on 
the head. A remedy which we have recommended and sometimes 
appli:d is revaccination at intervals not exceeding 2 months. This 
practice was suggested to us by the work of L. CRUVEILHIER and 
Ch._VIALA: who had observed" that one or two injections of anti
rabic. vaccme were sufficient to cause the reappearance in the blood 
of vrrus-neutralising properties which had disappeared ". The 
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same authors point out that they were able, by a single reactivating 
injection, to maintain the rabicidal power of the blood of 
experimental rabbits until their death (7 or 8 months).l 

We consider that, from the practical point of view, the most 
suitable vaccine for reactivating or " supplementary " injections 
(RA~ION) is killed carbolised vaccine. 

11. The value of a method of anti-rabic vaccination as determined 
by the frequency of success can only be established by statistical 
means ; but this does not always give comparable results. 

The statistics of the anti-rabies institutes are compiled from data 
that are frequently heterogeneous-for instance, in the group of 
persons treated, no distinction is made in respect of age, although 
children are more sensitive to street virus and may, in some cases, 
represent a comparatively large proportion of the bitten persons. 
Moreover, all the institutes have not equally accurate information on 
the after-history of their old patients ; lastly, a factor of greater 
heterogeneity· may ·perhaps reside in the proportion of really 
infecting bites, since the number of these varies in relation to the 
number of persons treated from one year to another in the same 
institute and within even wider limits as between di!Terent 
institutes. 

In spite of these causes of uncertainty, the results recorded in 
the 8 analytical reviews by McKENDRICK furnish highly valuable 
information regarding the comparative value of the diiTerent 
methods of anti-rabic vaccination. 

The results obtained at Bucharest from 1934 to 1938 (five years) 
have been compared, according to McKENDRicK's analytical 
reviews, with the results obtained by foreign institutes from 1928 
to 1935 (eight years). As a basis of comparison, we have taken, on 
the one hand, the group of deep bites (independently of their 
position), and, on the other, superficial and deep bites on the head, 
on the assumption that the statistical returns are probably less 
heterogeneous in these groups. 

1 L. CnuvEILHIER and Ch. VIALA : "Pouvoir rabicide et immunite antira
blquc", Ann. Inst. Pasteur, 1937,59, 207. 
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The following table shows the dilTerences noted : 

Deep bites Head bites 

)lethod Persons Persons 

(a) Europeans treated Deaths % treated Deaths % 

1. Roumanian method 1,982 48 2.42 1,985 29 1.46 

2. Dried eords .......••. 5,329 27 0.51 1,656 12 0.72 
3. Dilutions ••.•....•.... 10,459 78 0.75 4,137 61 1.47 
4. Killed earbolised 

0.82 3,146 41 1.30 vaccines 9,197 75 

(b) Non-Europeans 
1. Dried cords .......... 3,136 75 2.39 778 49 6.30 
2. Dilutions ............. 48 1 1.80 
3. Killed earbolised 

9,683 351 3.62 vaccines 112,307 881 0.78 

It will be seen that, at Bucharest, the death rate attendant upon 
the use of the Roumanian method is three to four times as large, 
in the group of deep bites, as that recorded by other methods 
applied to Europeans ; it will be seen in particular that the lowest 
rate is obtained with dried cords and that mortality among persons 
treated with killed carbolised vaccines is 0.82 %· · 

Among non-Europeans, the mortality in the case of treatment 
with dried cords is almost the same as in that of treatment by the 
Roumanian method, while treatment with the killed carbolised 
vaccines is attended by a mortality rate one-third of that recorded 
with the treatment practised at the Babe~ Institute (0. 78 as against 
2.42%). 

The dilTerences in the group Qf head bites are less marked among 
Europeans ; the death rate is the same for the Roumanian as for 
the HiiGYES method and twice as high as for dried cords. Among 
the non-Europeans treated with dried cords, the rate of mortality 
is very high (6.3%) and is markedly higher than among those 

-treated with killed carbolised vaccines. 
In the ten-year period from 1929 to 1938, the total mortality at 

the Bucharest Institute is higher than that observed for Europeans 
treated from 1928 to 1935 by various methods: 

.Method 

1. Roumanian method •........... 
2. Dried cords ....•...........••. 
3. Dilutions .•........•........... 
4. Killed earbolised vaccines ...... . 

Persons 
treated 

67,148 
53,773 
61,080 
55,644 

Deaths 

141 . 
77 

108 
82. 

% 
0.21 
0.14 
0.18 
0.15 
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The live vaccines used at Bucharest therefore do not improve the 
statistics of the Babe~ Institute, and their alleged superiority over 
killed avirulent carbolised vaccines docs not appear from the tables 
which we have prepared. 

On adopting :McKENDIHcK's abridged classification, we find, by 
the statistical method, that the killed avirulent vaccines are, on the 
whole, at least as e!Tcctivc as the live vaccines. The eight analytical 
reviews from 1928 to 1935 give the following results in this respect : 

Europeans 
Persons 
treated Deaths % 

(a) J{i)led .vaccines ...... 119,088 161 0.14 
{b) Live vaccines . . . . . . • . 170,64•1 258 0.15 

* * * 

Non-Europeans 
Persons 
treated 
280,696 
57,821 

Deaths % 
1,761 0.63 

357 0.62 

The power of immunisation of the killed vaccines wou.Id appear 
to be equal to that of the live vaccines. It should, however, be 
observed that the rate of mortality taken as a basis represents the. 
numerical ratio of deaths from rabies to the number of vaccinated 
persons, whether infected or not, who form a heterogeneous mass, 
variable, in the proportions of its constituent parts, according to 
the institute or the country considered. 

A more reliable indication of the value of anti-rabic treatment 
would be the fatality rate-that is to say, the ratio of deaths to 
really infected persons treated.1 It is true that this .ratio is but 
rarely defined with accuracy, but there is reason to believe that the 
fatality rate is equal to the death rate in the homogeneous group of 
bitten persons in category A, and probably in cases of head bites and 
deep bites. 

This necessary distinction between the fatality and mortality 
rates will help us to understand why, in the case of dried cords, the 
death rate is 0.65% in category A. and half that figure (0.33%) in 
category C ; in the latter category, there is a larger proportion of 
harmless bites and the rate is a death rate, whereas, in category A, 
we are dealing with the fatality rate. 

1 The persons really infected arc likened to patients whose inapparent disease 
develops towards cure or towards death. 
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At Bucharest, the fatality rate (A) usually exceeds the death rate 
of category C-for instance, we have the following figures : 

1933 1935 1936 1937 
% % % % 

1. Category A •....•. 0.40 0.60 0.58 1.03 
2. Category C .•....• 0.27 0.17 0.31 0.20 

McKENDRICK's eight analytical reviews, taken as a whole, show a 
still greater difierence between. the groups "deep bite" and "super
ficial " bite. The seriousness of the infection considered in relation 
to the nature of the wounds does not alone explain this difierence. 
It has also to be considered that the probability of real infection is 
not the same in the two groups, so that we know the fatality rate for 
the homogeneous " deep-bite " group, while in the case of the . 
heterogeneous "superficial-bite" group we are taldng the mortality 
rate as standard of measurement. 

The figures, for the correct interpretation of which tltis distinction 
was required, are as follows for .Europeans : 

1. Dried cords ................••...... 
2. Killed carbolised vaccines ..••.•.•••• 

Deep bite (%) Superficial 

0.51 
0.82 

bile (%) 

0.05 
0.05 

The efficacy of live and killed vaccines appears to be the same 
according to the·mortality rate {0.05%) of the 2nd group, but it is 
considerably lower for the ldlled carbolised vaccines if we take as an 
indication the fatality rate of the group in which the cases of real 
infection constitute almost the whole. 

At Bucharest, the average for five years {1934-1938) is 2.73% in 
one group and 0.13% in the other group. 

The conclusion, if we take the most reliable indication that could 
be chosen (i.e., the fatality rate), is that killed carbolised vaccines 
are more efficacious than the vaccines used at the Babe~ Institute 
but less efficacious than the dried cords. 

* * * 

" 12. Th~ dri~d-cord method is found to have great advantages : 
efficacy • m sp1te of weak concentration due to the presence of live 
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virus ; harmlessness, since the virus has, through desiccation, 
practically lost its capacity to travel along the nerves (LEPINE 

and CRUVEILHIER) ; mild vaccinal reactions, owing to the small 
quantity of foreign proteins injected during treatment ".1 

The innocuity of the rabic cords would undoubtedly constitute a 
great advantage, but we have already seen what the position is; 
it may be pointed out that paralytic accidents are three to four 
times as frequent when live vaccines are used. According to 
McKENDRICK, the frgures were as follows for eight years : 

Persons 
treated 

(a) Killed vaccines • • • • • • • • • . • • • • • . 417,181 
(b) Live vaccines • • • • • • . . . • • • • • • • • 232,888 

Paralytic 
accidents 

43 
82 

% 
0.010 
0.035 

These figures relate only to !mown accidents, and it must not be 
forgotten that the victims of live vaccines were sometimes persons 
who had not been bitten or otherwise infected by mad animals. 

From this point of view, the great advantage of innocuity attaches 
to killed vaccines, which completely lack infective power. But this 
undeniable superiority is not sufficient to determine the choice 
between killed and live vaccines ; effectiveness is the first 
consideration, harmlessness comes next. 

P. LEPINE and V. SAUTTER, preceded in this direction by STUART 

and KRIKORIAN, CUNNINGHAM and MALoNE, SHORTT, MALoNE and 
CRAIGHEAD (mentioned by LEPINE and SAUTTER), observe that, in 
the conditions specified in their papers, " the total figures obtained 
show a clear-cut superiority of carbolised vaccine over vaccine 
prepared from dried cords of 2, 3 and 4 days". Ev_en carbolised 
vaccines containing less than 5% of brain matter which showed 
considerably reduced effectiveness are usually superior to live 
vaccines (dried cords).2 

Practical routine vaccination with avirulent carbolised vaccines 
has not belied the conclusions of the laboratory experim~nts. We 
have already seen, however, that, in the case of deep bites among 
Europeans,. the death rate was higher amorig persons treated with 
killed vaccines ; a similar difference in favour of dried cords appears 

1 P. uEPINE and 1\IIle. SAUTTER : "Essais experim. sur Ia valeur pratique des 
vaccins anllrabiques phcniques", Ann.Insl. Pasteur, 1937,59,39. 

• Loc. cit., page 50. 
8 
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in the case of head bites. Is it possible that live vaccines are 
specially indicated in these two categories of bites ? . 

There are other questions to be solved before a chorce can be made 
between live vaccines and chemical vaccines. We think that the 
time necessacy for immunisation by means of these latter vaccines, 
together with the duration of the immunity conferred, call for 
additional investigations. The slowness of immunisation might be 
gauged from the frequency of cases of short-incubation rabies and 
the shorter duration of the unreceptive state from the percentage 
of long-incubation cases. The statistics give us no information 
on these points. 

13. . The future belongs to the chemical vaccines, as PASTEUR 
foresaw when he wrote :" Since the work to which I refer, discoveries 
have been increasing and accumulating in regard to chemical 
vaccines. There can be no doubt that we shall soon have many 
others. That of rabies, for instance, must soon be known and used." 

When relating the experiments which he had carried out in 
1887 and 1888, with the assistance of E. VrALA, PASTEUR concluded 
that " heated cords rendered non-virulent were vaccinal by the 
operation of a chemical vaccine ".1 

The best known and most widely used is FERMI's killed carbolised 
vaccine. It has been established by long practice and laboratory 
investigations have fully confirmed its efficacy. 

In Roumania, carbolised vaccine has been used since 1933 by 
the anti-rabies station of Cernau}i and, since 1936, by that of Gala}z. 
The Cernau}i statistics record over a period of five years (1934-
1938) 6,779 persons treated, with 17 deaths (0.25%). At Galajz, 
the death rate in 1937 was 0.2% (3 deaths among 1,449 persons 
treated) ; at Cernaup, the cases of short-incubation rabies (up to 
30 days) accounted for 5 out of 17 deaths-i.e., 29.4%. 

We may point out that the Galajz station uses a vaccine of higher 
concentration-i.e., 5%-while the other station used a 1o/c vaccine 
during the first years, and, since 1936, a 3% vaccine associ:tcd with 
brain emulsions heated to 60-65oc. There have been no. post-

• vaccinal accidents at Gala~ ; on the other hand, at Cernaufi a 
case of paraplegia with paralysis of the bladder, which was, however, 

1 CEuvres, Vol. VI, page 550. 
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cured, was observed in 1938. From 1931 to 1933, when the I-HiGYES 
process was used, 6 cases of paralytic accidents were recorded at the 
Cernau!i station, 4 of which were fatal (including the 2 cases of 
laboratory rabies already mentioned). 

At Budapest1, the HoGYES method was abandoned in 1936 in 
favour of vaccine carbolised with 1% of phenol associated, in serious 
cases, with live vaccine carbolised with 0.5% ot phenol. The 
statistics for recent years (1!J36-1938) show that, among 9,222 

. persons treated, the mortality was 0.08% and that there were no 
post-vaccinal accidents. 

In 1934, with the method of dilutions, 6 cases of acute transverse 
myelitis were observed, all of which were cured, and, in 1935, 1 case 
of inferior bulbar paralysis and 1 case of ascending paralysis of the 
Landry type, both of which ended fatally. 

It is interesting to compare these figures with the rabies statistics 
in Bulgaria,1 where the !-IOGYES method is still used combined 
with the ALIYISATOS process (anti-rabies institutes of Sofia, Varna 
and Tirnova), or the HoG YES-PHILIPS process modified by BoEcrmR 
(11 stations). Over a period of five years (1934-1938), the total 
mortality was 0.11% (30 deaths among 26,168 persons treated), 
with 7 paralytic accident~. which were cured. 

The period of incubation in the 30 cases of rabies occurring 
among the vaccinated persons was as follows : 

17-30 days in 13 cases-i.e., 43.3% 
31-60 " 12 " 40.0%. 
61-90 " 2 " 6.6% 

i\!ore than 90 , 3 , 10.0% 

Rabies with a long period of incubation (over two months) is there
fore rarely observed (16.6%). while rabies with a short period of 
incubation is much more frequent (•13.3%). 

The Jussy Anti-rabies Institute1 uses 3% FERMI vaccine asso
ciated with heated emulsions (60-65oC.). During a period of five 
years (1934-1938), 20,914 patients were treated and 14 failures 
were recorded-i.e., a reduced mortality rate of 0.06%. In 1938, 
the total mortality was 0.25% (i'l deaths out of 5,535 persons 
treated), and the reduced mortality 0.09%; the period of incubation 

1 See Annexes, reply t9 the questionnaire. 
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in the 5 cases where the treatment failed was 28, 29, 38, 60 and 
145 days, while it was below 30 days in 11 out of 14 fatal cases 

(78.5%). 

* * * 

The question has arisen whether vaccines" killed " by phenol are 
really sterilised, avirulent and merely chemical. FER)II observes 
that carbolised vaccine immediately loses its virulence for the animal 
if it is injected subcutaneously, but still remains virulent in intra
cerebral injections for 6 to 10 days after its preparation.· 

P. LEPINE and V. SAuTTERl show that, by inoculating rabbits 
intracerebrally with high doses of carbolised vaccine, rabies can 
often still be determined after a very long time-as much as 90 days; 
according to these authors, " the carbolised vaccines contain living 
fixed virus (though practically harmless), so that the fixed virus 
treated with phenol immediately loses its neuroprobasis and, in a 
few days, its virulence for the intracerebral route, without the virus 
being really kiJled ". 

What is certain is that FER)U's carbolised vaccine behaves like 
an avirulent chemical vaccine which is perfectly harmless when 
injected under the skin. The avirulence" of the carbolised vaccine, 
on the one hand, and its undeniable efficacy, on the other, have 
caused it to be adopted by a large number of anti-rabies institutes. 

The time has now come to ask, and to secure an answer to, the 
question whether there is any valid reason for having recourse to 
live vaccines and accepting the risks which they involve. 

At the time when the Pasteur treatment with more or less 
attenuated cords constituted the only means of averting rabies, 
this treatment had to be advised and applied as such ; there was no 
alternative. 

At present, the matter is one which requires discussion. The 
harmlessness of live vaccines is not a rule with no exceptions, and 
the existence of an ideal live vaccine without neuroprobasis in every 
case is very improbable, since the properties of vaccine viruses are 
contingent and dependent on circumstances ; it is impossible to be 

,;,:·l~~~t du virus fixe dans Ies vacclns pheniques", C.R. Soc. Bioi., 1938, 
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sure that certain individual conditions will not modify the resistance 
of the organism to the action of these viruses. 

Moreover, it should be borne in mind that the anti-rabies institutes 
do not treat only patients who are in all cases necessarily doomed 
to develop rabies. Immunisation by means of live vaccines exposes 
indiscriminately the persons infected and those who, although 
bitten, are not infected to accidents which are at times fa~al ; it 
involves serious risks both for patients who would die of rabies and 
those who would remain unaffected if they were not treated. The 
risks and dangers due to live vaccines would be avoided if they were 
replaced by chemical vaccines. 

In these circumstances, should live vaccines be abandoned and 
chemical vaccines used exclusively ? Or would it be sufficient to 
define more exactly the indications and c"ontra-indications of live 
vaccines ? 

An International Rabies Conference could alone decide this 
point with the necessary authority and competence. 
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ANNEX 1 

QUESTIONNAIRE ON RABIES AND ANTIRABIC 
VACCINATION IN THE COUNTRIES OF CENTRAL 

AND SOUTH-EASTERN EUROPE 

I. Present Slate of Rabies in the Country (or the area covered by the 
lnstitute). 

(a) Incidence of canine rabies, epizootic foci, during the past five 
years (1934-1938). 

(b) Number of persons bitten and of deaths from rabies among 
human beings recorded for each of these years (including deaths of 
persons not treated). 

(c) Antirabic vaccination of dogs : methods applied and results 
obtained. 

U. Street Virus, Strains isolated by the Institute. 

(a) 'Virulence or fresh virus in rabbits ; its capacity to produce Negri 
bodies. 

(b) Frequency oi noa-Negri-bod~-producing strains nnd" reinforced " 
strains with a short period of incubation, not exceeding 10 days. 

(c) Number of passages necessary to transform the street virus into 
fixed virus. 

Ill. Period of Incubation of Rabies. 

(a) Among bitten persons not treatjld and among persons who have 
undergone treatment. 

(b) Frequency of cases with a short period of incubation, up to 
30 days after the bile, for the two categories. 

IV. Fixed Virus used by the Institute. 

(a) Origin and number of passages up to January 1st, 1939 ; interval 
between passages. · 

(b) Etrects of inoculation by trepamling in rabbits; period of incubation 
and duration of the disease. Symptomatology and course taken by 
the disease in exceptional cases ; percentage of such cases. 

(c) Degree of neuroprobasis according to the etrect of subcutaneous 
and intra-ocular inoculations ; Incidence of rabies and period or 
incubation in animals thus inoculated, especially rabbits and dogs. 
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(d) Limit of virulence for dilutions of the rabic cord (fresh fixed 
virus) ; concentration required to obtain rabies constantly In 
trepanned rabbits. 

V. Variations of Fixed Virus. 

(a) Nature or variations observed and conditions under which they 
occurred. 

(b) Is the attenuation or the fixed virus under given conditions always 
identical? 

VI. 1lnligenic \'alue of Live Fixed Virus. 

(a) Description or type of vaccination adopted and results obtaine<l in 
rabbits or dogs. 

(b) Use or very virulent 0- and l·day cords ; indications and 
contra-Indications. 

VII. Chemical Anlirabic Vaccine (Killed). 

(a) Preparation ; control or its virulence. 
(b) Antigenic power : time necessary to establish immunity; degree 

and duration of specific resistance conferred by the vaccine on 
animals (dogs and rabbits). · 

VIII. A_nlirabic Vaccina/ion of Human Beings. 

(a) Treatment scheme explained in detail. 
(b) Statistics fo·r 1938 according to the Geneva form, supplemented by 

separate beadings for children of 0-15 years. 
(c) Total number of deaths due to rabies among vaccinated persons, 

including those which occurred during treatment, with summary or 
observations and information as to the period of Incubation. 

(d) Post-vaccinal accidents ; their nature and frequency. 

IX. Various Obserualions and bibliography of the works published by the 
Institute from 1928 until the present time. 

N.B.-Kindly reply before July 1st, 1939, to the following address : Institut 
Dr. J. CANTACUZINO, Secllon de la Rage, Bucharest . 

• • 
The qucslionnnirc was sent to the anti-rabies institutes or \'{arsaw, I<o~ice, 

Cracow, Pt·ague, Vienna, Budapest, Zagreb, Sofia, Istanbul, Athens, Odessa. 
Kiev and l\Ioscow, as well as to Roumanian institutes. 
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ANNEX 2 

REPLY FROM THE BUDAPEST PASTEUR INSTITUTE 

I. (a} Rabid animals : 

1934 ············· 362 
1935 ············· 405 
1936 ············· 369 
1937 ············· 237 
1938 ············· 90 

(b) Persons receiving complete vaccine treatment : 

1934 ············· 
1935 ············· 
1936 ............. 
1937 ............. 
1938 ............. 

3,456 
.3.897 
3,762 
3,508 
1,952 

Deaths % 
4 
1 
4 
3 

0.11 
0.02 
0.10 
0.08 
0.05 

Persons not presenting themselves for vaccination : 
DenU1s % 

1934-1938 • . . . . . . • • 5 5 100 

(c) The prophylactic vaccination of dogs is carried out with sheep vaccine by 
tbe Kerblcr method according to U>rBNO and Doi. In the period 1934-1938, the 
number of dogs vaccinated per year ranged from 38,000 to 400,000, making a 
total of 1,107,000. 

The result is excellent in the centre and western part of the country ; . in the 
eastern· districts, the Improvement will only make ltseH felt later, since the 
disease is imported from across the frontier. 

II. (a) The street virus injected subdurally made rabbits Ill at the cild· of 
about 21 days (rather less than more). The animals died after an Illness of 
3 to 5 days. The examination for Negri bodies gave a positive result In most 
cases. 

(b) In recent years, we have not observed any virus witb a period of incuba
tion as short as 10 days. 

(c) The street virus is transformed into fixed virus after a series or 24 to 
26 passages through tbe rabbit. 

III. (a) Appearance or rabies In vaccinated persons : 

In 4 cases, within 20 days 
In 4 ·cases, within 40 days 
In 3 cases, wi~I_J.in 70 days 13 cases 
In 1 case, on the 237th day 
In 1 case, on the 363rd day 
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(b) Among persons not vaccinated : 

In 4 cases, -ivi thin 20 days 
In 2 cases, wl thin 70 days 
In 1 case, on the 114th day 
In 1 case, on the 130th day 

8 cases 

121 

IV. (a) I-IiioYES used a virus (February 1886) obtained from a dog's brain, 
and fixed It by means of 26 passages. The number of passages up to the present 
is 18,459. At present, a passage is eiTeclcd every three days. 

(b) The period of incubation is three days ; on the fourth day, fever appears ; 
on the fiflh day, the animal is restless ; on the sixllt clay, paralysis sets in, and 
death usually occurs about the seventh day. 

In exceptional cases, the incubation period is shorter and the disease begins· 
wilh extreme apathy, but it has been proved that, in almost all cases, the cause 
was sought in concomitant diseases. 

(c) Our fixed virus is not infectious when introduced subcutaneously ; when 
injected intra.ocularly the result is not certain ; no recent experiments have been 
made on litis point. 

(d) When injected lntracerebrally, our fixed virus produces infection some· 
times in a clilullon of 1 : 500,000, and regularly in a dilution of 1 : 50,000 ; for 
vaccinations we use a dilution of ·1 : 100. 

V. (a) As a rule, we observed no variations, although the season, the breed 
of rabbit and the diet may all have their infiuence. 

(b) It would seem that the attenuation is maintained continuously. 

Vt.· (a) Vacdnation ·or rabbits or dogs is no longer carried out for 
experimental purposes, the experience gained being regarded as sufficient. 

(b) We do not use cords more virulent than the customary ones. 

VII.· (a) The vaccine is used after two days; a complete brain is crushed and 
subjected to 1% and i% carbolisation. From time to time, it is bacteriologically 
examined, so far with an invariably negative result. The 1% carbolised emul
sion never kills the rabbit ; the ~% carboliscd emulsion kills it 8 to 10 days 
later than the fixed virus. -

(b) We have observed that, at the end or 21 to 25 days, a serum is obtained 
which neutralises the fixed virus in vitro. It may be reckoned that immunity 
begins to develop between the 18th and 21st days. · 

H6oYL:s observed an immunity lasting two years In dogs. 

VIII. (a) Slight and superficial cases are given the vaccine for 5 or 6 days ; 
for deeper bites aiTectlng the dermis, vaccination lasts 8-9 days; in lhe case or 
multiple bites affecting the tissues under the skin, vaccination is continued for 
10 days. For all bites on the face, vaccination is extended to 10 days. 

The dose depends on the physical condition and age of the patient. Small 
children arc given a quarter or the adult dose and bigger children half the dose. 
Feeble adu\Ls and persons over 60 years of age arc also given a half dose. 
Adolescents are given two-thirds of the total dose. Persons over 18 years or 
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age and robust adults are given an initial dose of fixed virus in the form of 
3.5 c.c. of a 1% emulsion of brain, to which 1% of carbolic acid has been added. 

(b) See appendix. 
(c) One fatal case was recorded-that of a weakly, undernourished person 

who, however, had no organic defect according to the post-mortem findings. The 
period of incubation (22 days) was in accordance with the fact that the bites 
were on the face. 

(d) Since carbolised brain emulsions have been used, no post-vaccinal 
complications have occurred. 

In 1934, there were 6 cases of post-vaccinal paralysis-i.e., 0.17% of the total 
number of vaccinated persons. 

In 1935, there were 2 cases of post-vaccinal paralysis-i.e., 0.05% of the total 
number of vaccinated persons. 

Six cases of acute transversal myelitis developed and were cured after varying 
periods of time. 

There was one case of acute inferior bulbar paralysis and one typical case of 
Landry's paralysis, both fatal. 

Statistics regarding Rabbits used for the Preparation of Vaccine. 

Number of animals : 882. 
Number of animals infected with fresh brain: 377-i.e., 42.74%. 

or these: 

28 were killed at the end or the 5Ul day ............... . 
284 were killed at the end orthe 6th day ...•........•.... 

47 were killed at the end of the 7th-8th day .•........... 
18 died-i.e ............•.•...•....................... 

% 
7.43 

75.33 
12.47 
4.77 

Number infected with glycerinated brain subs lance : 505-i.e., 57.26%. 

or these : 

59 were killed at the end of the 5th day ............... . 
356 were killed at the end of the 6th day •..•.•..••.....• 

60 were killed at the end of the 7th-8th day ............ . 
30 died ............................................ . 

• 
Appendix 

RESULTS OF ANTI-RABIES TREATMENT 
AT THE PASTEUR INSTITUTE, BUDAPEST, IN 1938 

1. lllethod of treatment : Phenol dilution of vaccine, 1% and 0.5%. 
(a) Dosage for cases : 

Mild 5-6 days' treatment according to age 
Ordinary 8 days' treatment according to age 
Severe 10 days' treatment according to age. 

(b) The dilution retains its efficacy for 2 months in the ice chest. 

% 
11.69 
70.49 
11.89 
5.94 
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2. Total number of persons 

All 1-1·l 
ngcli years 

All 
ng:cs 

treated ............... 1,952 506 100 

4. Species of biting animal : 

Dog ............... l,•l!H !139 
Cat . • • . . . • . . . . . . . . • 246 !16 
Ruminants . . . . . • . . . 6·1 10 
ouier animals • . . . . . 148 11 

5. Evidence of rabies in the 
biting animal : 

Category A......... 200 78 
Category B . • • • . .. . . 182 27 
Category C •••...... 1,5i0 </.01 

6. Severity of bile : 

Deep ............. . 
Superficial, .•••..•.•. 
No visible lesion •.•• 

7. Intervention or clothing : 

576 13!1 
971 275 
405 97 

On bare skin ...•••• 1,312 !146 
Through cloUting 6•10 60 

8. Position or bile : 

Head . . . .. . ........ 73 !18 
Arm ............... 1,185 265 
Trunk . . . . • . . . . . . . . 25 12 
Leg................ 669 181 

9. Delay in commencement 
or treatment : 

0 to 4 days ...... 1,362 364 
5 to 7 days '247 69 
8 to 14 days 280 56 

15 to 21 days 33 9 
l\!ore than 21 days . . 30 8 

76.50 
12.60 
3.32 
7.58 

10.25 
9.32 

80.•13 

29.51 
·19.74 
20.75 

6i.21 
32.79 

3.74 
60.71 

1.28 
3•1.27 

69.78 
12.65 
14.34 

1.69 
1.54 

Dculhs ---..-....-----1-14 All 1-14 All 1-14 
years o.gcs years ngcs years 

100 

86.76 
9.09. 
1.98 
2.11 

15.42 
5.34 

79.24 

26.28 
M.35 
19.37 

88.14 
11.86 

9.49 
52.37 

2.37 
35.77 

1 

71.93 1 
13.64 
11.07 
1.78 
I.li8 

1 0.05 0.19 

1 0.06 0.2-3 

1 0.50 1.28 

1 0.17 0.75 

1 0.07 0.22 

1 1.36 2.08 

1 0.07 0.27 

10. 1\Ieasures taken to keep cases treated under observation for 6 or 12 months : Ditten 
persons sent !or treatment by the authorities remain under medical supervision 
after they return home. After periods or 6 months and 1 year, the Institute receives 
a report by a doctor on the health of each person treated. A detailed medical 
report is also made on persons who die during this period. 
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12. Information concerning each death due to rabies. 
Method : Phenol dilution or vaccine, 1% and 0.5%. 
Dosage : Severe case. 
Length of treatment : Ten days. 
Biting animal : Dog. 
Category : A. 
Severity or bite : Deep. 
Intervention or clothing : On the bare skin. 
Position or bite : Head. 
Number or days between bile and arrival : 2. 
Number of days between bite and death : 22. 
Post-mortem : Positive. Negri corpuscles. 

ANNEX 3 

REPLY BY THE ANTI-RABIES SECTION OF THE SOFIA 
INSTITUTE OF PUBLIC HEALTH 

I. Present Stale of Rabies in Bulgaria.-(a) Rabid animals (dogs, cats, etc.) 
during the past 4 years in the whole country. 

Rnbid 
Year animals 

1935 ············· 1,513 
1936 ............. 1,280 
1937 ············· 1,479 
1938 ............. 1,319 

1935 to 1938 • . • 5,591 

(b) No information is available concerning dealbs amongst persons not 
treated. 

Year 
Persons 
bitten DenUIS 

1934 ······················ 6,621 10 
1935 ······················ 4,665 9 
1936 ······················ 4,798 7 
1937 ······················ 5,196 2 
1938 ····.·················· 4,888 2 

1934 to 1938 ············ 26,168 30 

(c) The vaccination of dogs is elieeted in most cases by the Doi and Umeno 
n:'ethod. It is performed by the veterinary surgeons, and they have informa
tion as to the results. obtained. 
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II. For the moment, the Institute is not working on street virus. 

III. (a) We have no information as to the period of incub~tion of rabies in 
the case of bitten persons not treated. 

Incubation period in the case of vaccinated persons : 

Year Days 

1934 ············· 17-72 
1935 ············· 19-114 
1936 ············· 19-116 
1937 ············· 18-25 
1938 ............. 20-201 

(b) Cases with an incubation period not exceeding 30 days amongst persons 
vnccinatecl were as follows : 

Num-
ber ol Incubation 

Year cnses period (days) 

193<1 ................... 5 17, 23, 24, 27, 29 
1935 ................... 1 19 
1936 ................... 3 19, 20, 29 
1937 ................... 2 18 and 20 
1938 ................... 20 

IV. (a) The fixed virus used by the Institute comes from the Pasteur Insti
tute in Paris. It has undergone about 1,500 passages at intervals of from 3 to 
8 days. 

(b) The first symptoms of rabies appear on the 4th day in rabbits inoculated 
with the fixed virus. The disease lasts from 2 to 3 days.. Usually, the animal 
Is quiet until the 4th or 5th day, when paralysis of the extremities appears, 
accompanied sometimes by convulsions and cries. On the 6th or 7th day, total 
paralysis supervenes, and is followed by death. 

(c) There has been no research into this question. 
(d) 1 : 5,000 to 1 : 10,000. 

V. No variations have ))ecn observed. 

VI. There bas been no research into this point. 

VII. ~one is prepared. 

Vlll. (a) In the Sofia, Varna and Tirnovo Inslilutes, the method. used for 
the vaccination of human beings is that of Hogyes-Alivisatos, wherens, in the 
11 other anti-rabies stations, the Htlgyes-Philips method, ns modified by 
Boecker, is prnctised. Severe biles (head, nrm or deep and multiple lesions) 
by animals thnt arc certainly rabid arc treated exclusively at Sofia, Varna and 
Tlrnovo by the combined Hogycs-Aiivisatos method . 

. (b) In 1938, 1,742 children from 0 to 15 years were vaccinated. 
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(c) Deaths amongst vaccinated persons : 

Persons ~umber of days between beginning 
Year vaccinated Deaths o! treatment and death 

1934 . . • . . . . . . . • • • • • . . • 6,621 10 17, 23, 24, 27, 29, 32, 46, 53, 57, 72 
1935 • • • • • • . . • • . . . • . . • • 4,665 9 19, 33, 36, 45, 49, 49, 50, 77, 114 
1936 . . • . . . • • • • . . . • • • . • 4,798 7 19, 20, 29, 45, 52, 100, 116 
1937 . . . . . . . . . . . . . . . . . . 5,196 2 18, 25 
1938 . . • • . • • . • • . • . • . . . . 4,888 2 20, 20 

1934 to 1938 • • • • • . 26,168 30 

(d) The post-vaccinal accidents observed in the past 5 years were as follows : 

Number 
Year or cases Nature or accidents 

1934 . • . . • • • • . . . . . . • • • . 5 3 cases of paresis (oculomotor nerve, facial 

1935 • • • • . . . • • . . • . . • . • • 0 
1936 . . • . . • . . . . . . . . . . . . 0 
1937 • • . • • . • • • • . . • . • . • . 0 

nerve, bladder) and 2 cases of paralysis 
of the lower extremities. 

1938 .....•..••..•••... 2 2 cases of paralysis ofthe lower extremities. 

1934 to 1938 . • . • . . 7 

ANNEX 4 

REPLY BY THE JASSY ANTI-RABIES INSTITUTE 

I. Present State of Rabies in the District cover~d by !he Inslitute. 

(a) In 1934, there were 3,567 cases of canine rabies of categories A, B 
and C. 

" 1935 
., 1936 

" 2,754 
" 1,668 

" 1937 " 2,570 
" 1938 " 4,021 

(b) In 1934, the number of persons treated was 4,630, of whom 1 died 

and 2 arrived 
witlt · sym
toms of rabies 

" 1935 
(not treated). 

, 3,887, or whom 3 died 
and 3 arrived 
with symp
toms of rabies 
(not treated). 
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In 1936, the number of persons treated was 3,079, or whom I died 

and I arrived 
wilh symp
toms or rabies 

" 1937 

" 1938 

(not treated). 
, 3,783, or whom 4 died 

and 2 arrived 
with symp
toms of rabies 
(not treated). 

, 5,553, or whom 5 died 
and 9 arrived 
with symp
toms or rabies 
(not treated). 

(c) The vaccination or dogs is carried out by the Jassy Laboratory or 
Veterinary Bacteriology. 

II. Auloclllhonous Slrcel Virus. 

(a) For 67 inoculations (trepanations) carried out on rabbits with 
fresh street virus from rabid dogs, the incubation period varied 
between 18 and 25 days ; histopathological examination disclosed 
Negri corpuscles. 

(b) No information. 
(c) No information. 

III. Period of Incub~lion of Rabies amongst Human Beings. 

(a) The incubation period was short in 2 out or 17 cases that were not 
treated. 

(b) The incubalion period was short in 8 out o[ 14 cases that were 
treated. 

IV. Fixed l'irus used by the Inslilule. 

(a) The fixed virus comes from Paris (1891) ; the number or passages 
is 2,671 and the interval betw~en passages is 7 days. 

(b) The period of incubation Is 4 days and the duration of the disease 
is 2 days. 

(c) No information. 
(d) The limit of virulence for dilutions of rabic cord was 1 : 200. 

V. Variations in Fixed Virus. 

· (a) Until 1931, the preservation in glycerine of the brain substance 
extracted from rabbits which died of rabies induced by fixed virus 
was eiTccted In rc[rigerators at an inconstant temperature (above 
+ 10°G.}. 

Under these conditions, the shortening of the Incubation period 
was freqnenlly note~, and the disease ran its course In from 8 to 



128 ANTI-RABIC Thll\IUNISATION 

10 days. It was accordingly necessary to make successive pas
sages through guinea-pigs, so as to raise the incubation period 
once more to 6 days for guinea-pigs and 7 days for rabbits. 

From 1931 onwards, the preservation was eiiected in electric 
refrigerators at a constant temperature or + 3•C., and the fixed 
virus retained its virulence intact. It would seem, however, that 
the incubation period and the duration of the disease were both 
stabilised at 6 days. 

VI. Antigenic Value of Live Fixed Virus amongst Animals. 

(a) No information. . 

VII. Chemical Anlirabic Vaccine (Killed). 

(a) 5% emulsion of fi."<ed virus with phenol. Preparation : a 10% 
emulsion of brain and cord is made in distilled water with 1% of 
phenol. This is well shaken up and kept at 37•C. for 3 days, being 
shaken up 4 times a day. An equal quantity of distilled water is 
then added, this giving a ·5% emulsion or nerve substance in a 
0.5% solution of phenol. Bacteriological control is carried out 
and the control of the virulence is eiiectcd by intracerebral inocula
tions Into a group of 6 rabbits. The vaccine is kept in the electric 
refrigerator, and is considered to remain eiicctivc for 3 months 
after Its preparation. · 

(b) The following experiments were carried out : 
(1) 12 rabbits, given a subcutaneous inocull!tion with 0.4 c.c. 

of street virus, received for 15 days 1 c.c. of 1% Semple vaccine. 
9 rabbits died between the 3rd and 9th days after the termination 
or the vaccination, with symptoms of rabies. 3 survived. The 
same experiment was repeated, with the same result, using 1% 
Puscariu vaccine, attenuated by heating to GO• and G5•C. 

(2) 12 rabbits, vaccinated for 15 days with 1 c.c. of 1% Semple 
vaccine, were inoculated after 5 injections of vaccine with 0.4 c.c. 
or 1 : 50 street virus. 9 rabbits survived and 3 died between the 
3rd and 9th days after the termination of the vaccination. The 
same experiment was carried out with attenuated 1% Puscariu 
vaccine and all the rabbits survived. 

(3) 12 rabbits, vaccinated for 15 days with 1 c.c. of. Semple 
vaccine, and then given a subcutaneous Inoculation with 0.4 c.c. 
of street virus 10 days after the vaccination, all survived. The 
same result was obtained with attenuated Puscariu vaccine. 

VIII. Anlirabic Vaccination of Human Beings. 

(a) Mixed method : daily Inoculations with Puscariu vaccine and 
Fermi's vaccine. 

1. Puscariu vaccine : emulsion or 9 to 10 grammes of fixed 
virus (cerebrum, cerebellum and cord or rabbit) in 1,000 c.c. of 
distilled water ; attenuation by healing to 65• and GO•C. 
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2. Fermi's vaccine : 3% phenol vaccine. 
Persons under treatment are given, on alternate days, 2 c.c. or 

Puscariu vaccine attenuat.ed by heating to 65• and 60•C. in one side 
of the abdomen and 4 c.c. or Fermi's vaccine In the other side. 

STATISTICS FOR 1938 

Children .Q-15 years 
~ 

Number Number Number Number 
of cases or deaths of cases or deaths 

Total number or persons treated 

Species or biting animal : 

Dog .••......•.••.••••••.••.• 
Cat ••...•..•••.•....••••.... 

5,535 

4,373 
385 

Ruminants • . . . • • . . . . . . • • • • • • • 531 
Other. animals . . . . . . • • . . . • • • • • 7 
Human •.•..... .•••. .. . . . . . . . 39 

Evidence of rabies in the biting ani-
mal: 

Category A ..•..•..•......... 
Category B .....•••..•...•... 
Category C ....•.•.•.•••••••. 
Category D ................•. 

Severity or bite : 

Deep ....•.••..••.•..••..••.. 
Superficial .....•.•..•..•..... 
No visible lesion .....••...... 

Intervention of clothing : 

Through clothing .•••••••.•••• 
On bare skin ...........•..... 

Position of bite : 

1,462 
2,007 

947 
602 

1,748 
2,469 
1,379 

1,771 
3,764 

Head . • . . . . . . . • . • . • . • • . • • • . • . 199 
Upper limbs .......••........ 
Body ...••.•.......•••••••••• 

1,933 
153 

Lower limbs . . • . . . . • • . • . . . . . . 1,871 

Delay In commencement of treatment : 

0-4 days •...•..•••.•....... 
5-7 days •.......•.••.. · · · · • 
7-14 days ••.••.•.•...•. · · · · • 

15-21 days .....••..••..... · •. 
More than 21 days ...•••....• 

3,007 
1,536 

747 

1 245 

0 

5 

4 
1 

5 

4 

5 

4 
1 

1,679 0 
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Length or 
treatment 

1. 16 days 
2. 18 days 
3. 16 days 
4. 18 days 
5. 16 days 

Length of treatment. 

~o visible lesion : 6 t.o 8 days 
12 Slight lesions 

:Medium ,. 
Se\"ere 

14 to 16 
: 18 

Information regarding fatal cases observed in 1938 • 
. . .. Number Number 

of days • or days 
between between 

~~!\ Cate- Severity bile and bite and 
gory or bite Position or bile treatment death 

dog B. deep hand 1 day 60 days 
dog B. deep hand 3 days 28 days 
dog B. deep hand 4 days· 38 days 
dog B. deep forearm and hand 6 days 29 days 
dog c. deep hand and thigh 3. day~:? 145 days 

·"· ... 
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Report on Terminology in Malaria 

INTRODUCTION 

During its meeting in Geneva on October 27th-30th, 1937, the 
Reporting Committee of the Malaria Commission considered a 
communication from Dr. EmacrTo, the member of the l'r:Ialaria 
Commission representing the Philippines, asking whether the 
Malaria Commission could usefully endeavour to standardise the 
terminology most commonly employed : 

(a) In the epidemiology of malaria, and 
(b) In questions relating to tlie species, sub-species, varieties 

and races of anopheles. 

The Committee .examined a memorandum drawn up on this 
subject by Dr. E. PAliiPANA1 the Secretary of the Commission, and 
decided to entrust the further work for the standardisation of 
the nomenclature employed in malariology to a Sub-Committee 
consisting of Sir Rickard CmusTOPBERS1 Dr. L. W. HACKETT, 
Professor Edmond SERGENT, P1•ofessor W. SCHiiFFNER and the Secre
tary of the Commission. With regard to the second question 
raised in Dr. Ejercito's proposal, the Committee considered that 
this was a matter of zoological systematics and is therefore not 
within its province. 

The Health Committee, at its twenty-sixth session in Novem
ber 1937, approved the constitution of the Sub-Committee for the 
preparation of a draft report on the subject. 

The members of the Sub-Committee, with Professor M. CrocA 
representing the Secretary of the Commission, met in London 
on June 20th-22nd, 1938, at the London School of Hygiene and 
Tropical Medicine and subsequently in .Amsterdam at the Third 
International Congress on Malaria. The present l'eport gives the 
results of their discussions as approved at the last-mentioned 
meeting and in subsequent correspondence. 

Certain pouits regarding the forln and content of the report 
require mention. 
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Langua.ge. 

The official language in which the reports of the _League are 
normally published are French and English. Terms in these languages 
will be found in as nearly as possible equivalent form in the 
respective French and English texts, a reference in one of the texts 
to. terms in the other being made only when there is some special 
reason for this. Thus " pallidisme " in the French text replaces 
" malaria " in the English text and, except in an explanatory 
paragraph, these names will be found only in the respective texts. 

Zoological Systematics and Methods. 

Questions relating to the purely zoological nomenclature of 
species and varieties of anopheles, as decided by the Reporting 
Committee, are not part of the Sub-Committee's task. The reasons 
on which this decision is based would appear· to hold good also 
regarding the zoological nomenclature of the different forms of 
malaria parasites. Nevertheless, there are some points connected 
with' zoological nomenclature which are distinctly reievant to 
terminology in malaria and such points have been dealt with in 
the report. Questions of technique and methods are dealt with 
only. where this is considered necessary to explain or defiJ;Je 
terminology. 

Principles underlying the Use of !?~dex Values. 

Froin the number of rates, indices, etc., which have been de
scribed in the literature and which it is desirable to mention and 
sometimes explain, it might appear that research in malaria epidemi
ology largely consists in determining a multiplicity of such rates, 
indices,. etc. Actually, of course, this is not so. Information of 
very varied character is obtained by the worker, who may, how
ever, wish to express some portion of this in a simple form for 
purposes of presentation or comparison. He therefore makes use 
of this or that rate or index as the case may be, often for a qu1te 
specific and restricted purpose- e.g., in malaria control to obtain 
some _definite measure of results achieved. The really important 
rates and indices, as should be apparent from this report, are 
relatively few and, in regard to these, the chief consideration is 
that their na~ure, limitations and applications should be generally 
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appreciated, rather than that terminology should be ma(le so precise 
as to cover all possible·contingencies in their use. 

It is scarcely possible, for example, that the term "spleen rate " 
should be so defined that exactly the same significance attaches 
to values obtained by every observer in every country in the .world. 
So long as an. author's methocls in. obtaining this rate are sufficiently 
indicated, the term spleen rate should still apply whether taken 
by palpation standing. or lying down or by whatever method it 
may have peen found 'most desirable to employ. If it is desired 
to map '\ith the accuracy of a physical constant the intensity of 
malaria as shown by the spleen rate all over. the word, then v.ery 
special methods to co-ordinate results obtained in different countries 
would be ncc~ssary and in this case a· degree of precision would. 
be introduced which it is neither practical nor even desirable at 
present to read into the term. lieanwhile, such uniformity as 
is really helpful is desirable and the Sub-Committee haa concerned 
itself chiefly in clarifying the issues from this point of view. 

Form and Scope of the Rep01·t. 

. The report has been drawn up in two parts : (1) a systematically 
arranged Commentary (Part I) in which terms will be. found in 
proper perspective and context, with such description or explanation 
as seems necessary ; (2) an alphabetically arranged Glossary (Part TI) 
giving brief definitions or descriptions of terms used . 
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Part I 

COMMENTARY 

~ Terms given in the Commentary in italics are those considered as 
desirable for use or not unsuitable. Terms left in roman type are to a 
large extent unnecessary as specific terms or unsuitable for use. This does 
not apply to specific or generic names, etc., given in italics. 
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SECiJTION I 

1'HE 1\I.ALARI.A P .AR.ASITES .AND THE INFECTIONS 
TO WHICH THEY GIVE RISE 

Sub-section 1.---, The Name l\lalal'ia. 

Two names only are now in general use in scientific writings 
to designate the condition of infection or disease in man 2 brought 
about by parasites of the genus Plasmodium -viz., Malaria a in 

2 The term malaria is also now c<;~mmonly applied to infection by 
parasites of the genera Plasmoclium or Haemoprote1u in birds (bird malaria, 
avian malaria) and in monkeys· and apes (monkey malaria, ape -malaria). 
Infections of dogs, cattle or other animals with Babesia, Theileria, etc., 
are usually termed piroplasmoses, tick fever, etc., but are occasionally 
referred to, though undesirably, as dog or cattle malaria. 

3 The conception of malaria ~s ·a single morbid process or disease, and 
certainly the use of the term " malaria ", is of relatively late origin. Torti 
(1658-1741), wl!o first definitely distinguished malarial from other fevers 
through the former's property of being cured by cinchona bark, does not 
employ the term malaria, or indeed any single term synonymous with this, 
in his famous work." Therapeutice specialis ", of which the first edition was 
published in 1712. A reference to the word malaria in general literature 
is quoted by the Oxford Dictionary as made in regar<l. to the fevers in 
Rome by Hugh Walpole in 1740 (information kindly supplied by the 
Librarian, Royal Society of :Medicine). 

~Iaculloch (1827) was the first English medical writer, in his book 
"Malaria", to use this name, which he states he borrowed from Italy. 

From remarks by Twining (1832) ("Clinical Illustrations of the ~[ore 
Important Diseases of Bengal", etc., Baptist l\Iission Press, Calcutta) 
it wonld seem that the name malaria was first used more in the sense of 
the condition or conditions responsible fo! the causation of the miasmatic 
fevers than as indicating the disease as such (private communication from 
Colonel Sinton). Later, a clinical and eventually a parasitological designa
tion seems to have been the natural course of evolution of the terin. 
Epidemiologically, there is often some return to its use in a general sense 
as designating a condition not wholly confined to human infection- i.e., 
as carrying the idea of prevalence of the parasite in man and mosquito 
in an area. 
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use by English, German and Italian writers, and paludismo 4 in 
use by French and (a.s paludismo) by Spanish writers. 

Though these names are indicative of more or less mistaken 
conceptions of the true causation of. the disease, no question of any 
more appropriate name appears to arise.5 

It is usual to apply the word malaria for "malaria parasite ", 
"malari~ mosquito ",but to use malarial for" malarial conditions ", 
"malarial infection", "malarial fever". 

Certain derivations from the name are commonly used- e.g., 
malariology, mala.riologist, malat"iomot?·y, as also similar deriva· 
tions from paludisme in the French. 0 

Sub-section 2. -The llalaria Parasites. 

The organisms causing malaria are commonly referred to 
collectively as the malaria pamsito or as malaria parasites. 
· The zoological nomenclature of the parasites is very confused 
and has been the subject of a great deal of discussion in the literature. 
In regard to the generic name, it is now most generally held that 
only one genus should be us·ed to include all the human species 
and that, except for the parasite of birds formerly known as 
"Halteridium" now placed in the genus Haemoproteus, all the 
pigmented red cell parasites in man, bats and birds should be 
included in the same genus, which genus by priority of naming 
is Plasmodium l\Iarchiafava and Celli, 1885. It is therefore undesirable 
in the face of such opinion to use the generic name Lavemnia as 

• The name • paludisme » is referred to by Laveran in his « Traite des· 
fievres palustres, 1884 • as having been used by the French Surgeon Verneuil 
(1823-1895) to designate all the morbid processes produced by the microbes 
of paludal fevers and maladies derived therefrom. 

1 !\Ialaria, even in fairly recent medical literature, is sometimes termed 
"intermittent fever", "fievre intermittente" and "Wechselfieber ". 
It was also. popularly known as " agne ", " Kaltes Fieber ", etc., or by names 
indicating its supposed origin from swamps, such as" marsh fever"," swamp 
fever", "Sumpffieber ", "fievre paludeenne ", ".fievre palustre ", or from 
regions where it occurred, as "coast fever", "jungle fever", etc. Such 
names are, however, now practically obsolete in scientific writings. 

o See French text. 
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applied to the malignant tertian parasite or similar forms. in the 
· higher apes. 7 

In regard to the specific names, there. is not even this degree 
of unanimity and the position, especially in respect of the naming 
of the malignant tertian parasite, is ext1:emely complicated. Up 
to recently, controversy has been concerned chiefly with the ques
tion whether praecox, immaculata or falcipamm was the correct 
name to use. Grassi and Feletti, since they believed th,at certain 
parasites (proteosoma) seen by them in bii-ds from a malarious 
locality were identical with the parasite of " quotidian fever With 
short intermissions " - that is, with what is now known as the 
malignant tertia-n parasite- gave to both of these parasites the 
name pmecox. Those who hold that- though at the time two species 
were given the same name- the authors, later, indicated the human 
parasite as praecox consider this name the correct one for tho 
malignant tertian parasite. But others hold that the bird parasite 
was clearly indicated at the first naming so that pmecox eanriot 
be valid for the human parasite and that the correct name for this 
must be dependent on subsequent naming. Those who consider that, 
as a. result. of such subsequent naming, the first valid name was 
immaculata Grassi and Faletti, 1892, use this designation. But 
others, for various reasons, do not consider immaculata to be valid 
and employ faleiparum Welch, 1897, which they consider to be the 
first name for which validity can be claimed. 8 

.Actually, the position has been shown to be even more difficult 
than this, since Lavera.n's name malariae is undoubtedly valid as 
applied to the malignant tertian parasite, which he clearly described, 
and the name malariae given by Grassi and Feletti to the· quartan 
parasite was J;tot, as assumed by many later writers,· intended to 
misplace Laveran's name, but was their own name given to a species 
in another genus (Hae.ma.moeba.). In other words, there were two 
species with the same specific name, but in two different genera 

7 Some authors, however, consider it desirable to use La·verania for 
the reason that the crescentic shape of the gametocytes is a good differentiat
ing character. It seems, however, better to accept the more common opinion 
at least for the present. For discussion of validity of the name Plasmodiunt, 
see paper referred to in footnote 0• 

8 For a full account of the position in respect to these names, see 
Ed. and Et. Sergent. and Catanei, Arch. Inst. Pasteur d'Algerie, 1929, 7, 233, 
as also remarks upon immaculata in references given in note 0

• 
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-i.e., Lave1·ania mala1-iae Laveran i881, the malignant tertian 
parasite, and Haema.nweba mala1-iae Grassi and Feletti 1890, the 
quartan parasite. Both names are perfectly valid so long as the 
two genera were maintained. The latter (not the former) specific 
name, however, becomes invalid when only one genus (Plasmodium) 
is employed, since Laverania malariae has priority of naming. Such 
a view, if accepted, makes praecox, immaculatum and jalcipa1·um 
as well as malariae applied to the quartan parasite all invalid. 0 

In regard, therefore, to the specific· names o.f the. parasites, 
the Sub-Committee, in view of the great difficulty in deciding 
upon the correct name by right, or of using such name if decided 
upon without now causing intolerable confusion, and for the sake 
o.f the practical advantages to be gained by uniformity, advises 
the adoption of the names as given in the decision (Opinion 104) 
of the International Commission on Zoological Nomenclature 
(1928).10 Such procedure would in no sense be arbitrary, or 

8 For a. complete summary of the position, see Christopher& aud Sinton, 
Brit • .Med. Jour., December 3rd, 1938, page 1130 {with correction ibid., 
January 21st, 1939, page 1!6). Also Sergent, Ed. and Et., Parrot and 
Catanei, ibid., April 8th, 1939, page 747. 

1o The relevant parts of the Opinion are as follows : 
" Opinion 104.- The following fifty-seven generic names with type 

species cited are hereby placed on the official lisl; of generic names : 

"Laverania Grassi and Feletti, 1890a, 60, mt. malariae {homonym) 
so falcipara Welch, 1897, 36, 47, type host Honto. {For authors who 
eonsider the parasite of restivo-autumnal malaria generically distinct 
from that of quartan malaria.) Not Laverania Labbe, 1899a, 82, type 
ranarunt, type host Ra·na escu!enta. 

"PlcuntOdiunt Marchiafava. and Celli, 1885d, 791, mt. tsd. malariae 
{as restricted to quartan fever), type host Ho;,o. · 

That Laverania is not employed as a genus {on zoological grounds) 
would not appear to alter at all the citation of the specific name of the 
malignant tertian parasite as falciparum, which, further, is the name at 
present most widely used. The only possible cause of uncertainty would 
appear to be whether the Opinion can be regarded as concerned only with 
the generic names, the eorrectness of the genotypes not being raised. The 
answer tl? such an objection would be to make application for a. new decision 
of the Commission to fix names as at present in general use. The difficulty 
is not so much to determine the correct name by the laws of priority, )vhich 
is a. matter of careful research, as the impossibility of applying such when 
found without now causing confusion. . · 
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unscientific, since zoologists have agreed to abide by such decisions 
of the International. Commission in cases of this kind.10 n This 
nomenclature is also that now in most common usc. 

Accepting the above considerations as to the use of generic 
and specific names and excluding au· ~orms the status of which 
P,as not been fully established, the following are the zoological 
names of the known human mala1·ia parasites : · 

. Full zoological 
designation 

Plas11iodimn 11iala1'iae (Laveran), 1881 . 
, vivax (Grassi and Fclctti), 1890 
, faleipa1'um Welch, 1897 
, ovale Stepl1ens, 1922 . . 

Abbreviated 
form in text 

P. mala1'iae. 
P. vivax. 
P. falcipai'U11t. 
P. ovule. 

P. tenue Stephens, 191•1, is also accepted by many as very 
probably a distinct species. The name tenue may, however, be 
invalid as preoccupied by P. tenuis, a parasite of birds.10 b 

Both the generic and specific names, in accordance with usual 
zoological procedure, should invariably be given in italics or, if 
the ·context demands, in some other distinctive· type. The genus 
should be given with a. capitallctter, the species with a small initial 
letter' e-yen though the name be one designating a person or place.10 c 

A specific name with a capital may, however, be used for a name 
designating a person or place in botanical nomenclature- e.g., 
Vinchotta Ledgcl'iana. 

,.. See Proo. of tlte Nintl~ Internat. Oongr •. of Zoology, held at Monaco 
in 1913. For a useful reprinting of the rules, s~e Wenyon's ProtozoolC?gy, 
Vol. 2, page 1336. 

••b See Wenyon, Trop. Dis. Bull., 1916, 7, 25. P. tenuis was described 
by Laveran and Marullaz, BuZZ. Soc. Path. E:x:ot., 1914, 'i', 20 (January) 
from a specimen of" rossignol du Japon" bopght in Paris. The description 
of P. tcnue by Stephep.s was published in .Ann. Trop. Mea .. ana Parasit., 
1914, 8, 119 (April). It is to be noted, however, that ·the terminations of 
the names tenuc and ttmuis do not actually come within the list of endings 
given in Article 35 of the Rules of Nomenclature as insufficiently distinguish-
ing specific names. . 

10 
• This is the usual, if not universal, procedure in zoology, but use of 

l' capital for a specific n!!-me designating the name of a person does not 
seem ·actually to be forbidden in the rules (see Article 13 of Rules of 
N omenciature). 



144 TERMINOLOGY IN UALARlA 

The describer's name and year of description is also usually 
set out when giving the formal name of a species, to avoid all 
ambiguity due to possible synonymy. The describer's name should 
follow without comma after the specific name, and then, after a 
comma, the year of description. :Brackets 11 around the describer's 
name are used only where zoological procedure requires this -viz., 
to indicate that the species was originally described under another 
generic name. The brackets (parentheses) are therefore correctly 
given in the case of P. viva$ (Grassi and .l<,eletti), since this species 
was originally described as Haemamoeba vivax, but not with P. falci
parum Welch, originally named Plasmodi1tm falcipamm. The 
describer's name and year are not, however, usually ·repeated except 
where necessary to avoid ambiguity and the abbreviated name 
is all that is usually necessary when the full name has once been 
given in the context. The abbreviated name should not, however, 
be used in the title of a communication. 

The use of Pl. for Plasmodium is unnecessary, as there is no 
zoological significance attached to the contracted. form, which 
is merely a convenience. The only requirement is that there should 
be no ambiguity as to what genus is meant. Pl. might be used, 
therefore, if it was thought desirable to avoid confusion with another 
generic name beginning with P also dealt '~th in the communica
tion, though such a consideration is not likely often to arise. 

If the form is a named variety, the species name (without 
describer's name or date) is either followed directly (without comma) 
by the varietal name with its describer's name and date, or with 
the interpolation of sub-sp. or var. Varietal names (as distinct 
from specific names) are, however, little used at present in connection 
with the parasites and all that it is necessary to say in regard to 
customary procedure in dealing with varietal names will be found 
in the sub-section dealing with species and varieties of the vector 
anopheles (Section m, 2) . 

.A. shortened or colloquial name for the parasite may in many 
cases be useful for the sake of brevity, and it is also very neces
sa:ry to have some suitable abbreviate~ or colloquial name to indicate 
infections caused by the different parasites. Names of this character, 

11 
Actually "parentheses". In typographical usage, [ ] are termed 

" square brackets" (formerly crotchets) and round brackets ( ) "paren-
theses". · 
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referring both to the parasite and its infection, as in common usage 
among English writers, are given below. In each case, the first 
·name given is that most frequently employed. 

Zoological name 

P. vivaa.: .. 

P. malm·icte. . 
P. falcipal"urn. · 

Colloquial names 

. . . . . Benign tertian (B.T.). 
· Simple tertian. 
Tertian. 
Quartan. 
Malignant tertian (M.T.). 
Allstivo-autumnal. 
Subtertian. 
Malignant. 
Tropical. 
Pernicious. 

The French names of this type ·are in general similar to the 
above (tierce benigne, tierce maligne; etc.). For the malignant 
tertian parasite and its infections, pemiciosa · (Plehn, Ziemann, 
Maurer) and tropica (Koch) are names also often used by German 
writers. 

T~ough benign tertian and malignant tertian are the names 
now used by most English writers and restivo-autumnal by many 
American authors, such terms are. not only inappropriate and archaic, · 
but· also very long and cumbrous. Simple tertian is objectionable 
for the same reason and also because the contraction (S.T.) would 
be liable to be confused with (S.T.) used as an abbreviated form 
of subtertian, a name still used by some. Ross, 1914, makes use 
of the names tertian, quartan and malignant for these pa.rasites 
respectively, and some authors use tertian, quartan and tropical. 
Whilst such usage has the advantage of greater brevity, it is not 
free from objection. .The names pemiciosa and tropica .imply 
zoological names for the parasite which do not exist as valid designa· 
tions and a.re on this account undesirable. The na.me pernicious 
is apt to carry in English an erroneous implication and to be con
fused with pernicious manifestations of ma.laria. 

In view of the above considerations and the fact that there 
are now other recognised forms of the parasite and infections than 
those mentioned, the Sub-Committee considers that it would be 
desirable, when an abbreviated name is used, to employ, in place 
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of such colloquial names as those given, the italicised spe~ific name 
of the parasite referred to. Thus an infection· by P. viv~ would 
be a 'Viv~W infection, and one by P. ovale an ovale infection, or one 
respectively by the vivax or ovale parasite. The corresponding 
symbols (e.g., (V) for 'Vivax, (M) for malariae, etc.) might be'a little 
difficult to use at first, but once they became familiar would be as 
convenient as the present (B.T.), (M.T.) and (Q) often employed . 

.Any such symbols, or abbreviated colloquial names, should 
invariably be explained on the first occasion of their use in any 
communication, as otherwise they may be meaningless or a source 
of error to a reader unfamiliar with the particular convention made 
use of. 

Sub-section 3. - Terms relating to Form,s of the Parasite 
seen in the Blood. 

The forms of parasite seen in the blood include all known stages 
of the asexual.cycle (schizogony 12

) and certain early stages of the 
sexual cycle (sporogony), which is completed only in the mosquito. 

In strict protozoological terminology, all multiplicative asexual 
forms are schizonts/2 and such forms as are growing asexual parasites 
are trophozoites. In the case of the malaria· parasites, however, 
where it is important to distinguish many of the stages in a detailed 
way, common usage· has now given to these terms a some
what specialised significance. Such usage is convenient in that it 
avoids the necessity for coining still other names, and the Sub
Committee suggests the following application of terms as reasonably 
devoid of objection. 

Merozoite. 

Young forms the immediate product of segmentation, as they 
appear still clustered around the residual pigment mass, or free, 
or attached to a red cell where they are as yet little changed and 
have not taken a definite ring form. · 

12 Webster pronounces the root sklzo., but strangely enough prefers 
skizont to skizont. Dorland (Medical' Dictionary) gives skizont, but 
sklzogony. The adjectival form in most common colloquial use is schizo· 
gonous, but sebizogonie is perhaps more eorreet. 
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Trophozoite. 

Asexual forms in (a) ring stage, (b) late~ early ammboid or 
solid stages with chromatin mass as yet undivided in the process 
of schizogonyP · 

Schizont. 

Large asexual forms in which the chromatin shows evidence 
of schizogonic divisionP There may be such forms.with two, four 
or more chromatin masses, but the merozoites have not yet been .. 
differentiated. 

Mature schizont. 

A fully developed schizont in the merozoite stage, commonly 
known as sporulation forms, · segmentation forms, « rosettes • or 
« formes en rosaces ». 

Since the :process here concerned is not that of spore forma
tion, the terms "sporulation forms·~ and "sporont" are objectionable. 
The term " segmenting bodies " formerly much used is also now· 
less often . employed, though the maturing of a generation and 
liberation of the·merozoites is still commonly referred to as " segmen
tation"- e.g., when indicating the relation of stage of the :parasite 

· to the fever attack. Probably the most suitable term in the last· 
connection is " schizogony ". 

Gamctocytcs. 

Sexual forms in all stages as seen in the blood within the body. 
These are the male and female gametocytes (microgametocytc and 
macrogametocyte respectively). Further changes (eJJ;flagellation · 
and maturation respectively) :producing the microgametes (flagella) 
and macrogametes do not occur, so far as is known, except outSide 
the body of the vertebrate host. The word gametocytes is therefore 
the correct name (not gametes) for such sexual forms in the body. 

The gametocytes of P. falcipa1"1'm from their characteristic 
appearance are commonly called crescents. It is not uncommon 
to find the term gametocytes ( e:g., in reference to the action of 
certain drugs) used as if the terms gametocytes and crescents were 

11
• The presence in some young ring forms of two or more chromatin 

granules bears no relation to the schizogonic process. In practice, in a 
microscopical examination of malarial blood, the very young !gametocytes 
which can hardly, if at nll, be distinguished from t.rue trophozoites are 
counted as trophozoites. 
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synonymous. .Actually, where crescents are intended, it is better 
to use this term or falciparum gametocytes. 

Trophozoites usually grow and mature so that the majority 
or large number are always at about the same stage of develop
ment. Such forms constitute generations, one or more of which 
in different stages of growth may be present in any given time 
in the host. Commonly, the stages of growth present represent 
generations maturing at approximately the same time on successive 
days. Such regular development of the generations with correspond
ing manifestations. gives rise to the characteristic periodicity dis
played by many plasmodial infections. The characteristic period 
which a given species of parasite takes for the completion of tlJC 
growth of a generation -i.e., from any given stage to the same 
stage in the succeeding generation - constitutes the duration of the 
schizogonic cycle or schizogonic period of the parasite. 

Sub-section 4. - Terms relating to the Structure of the Parasite 
·and the Changes produced in the Red Cell. 

Terms relating to the morphology of the parasites are cytoplasm, 
chromatin (gramtles or masses) and pigment (grains, gramtles or 
clumps). The nature of the "vacuole" seen in the ring forms is 
still uncertain (i.e., whether nuclear or nutritive), so that pro
visionally the best term would appear to be vacuole. ~Ialarial pig
ment is frequently referred to as haemozoin, the word melanin 
formerly used being incorrect, since the pigment is now known 
to be a form of, or related to, haematin . 

.Abnormal appearances brought about by the parasites in the 
host red cell are referred to collectively as alterations or modifi
cations (of the red cell) or cell changes, and more specifically 
by names indicating the actual changes produced. .Among such 
cha.nges, the most important are enlargement, decolo1·isation and 
certain forms of granulation seen in the stained cell. Of such 
granulations the most important are the fine even granulations 
brought out by Leishman or Giemsa stain in vivax, Schuffp,er's 
stippling (Tiipfelung), and the coarse, more irregular markings 
seen in falciparum infected cells, Stephens' and Ohristophers' spots or 
Maurer's spots (Flecken). Stippling very similar to that in vivax is 
seen with 011ale, and a form of stippling brought out only by special 
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staining in quartan is termed by James Ziemann's stippling. Maurer's 
spots are seen in a marked form in tenue.14 

.Among other changes described are the ''brassy corpuscles " 
of early literature seen in fresh preparations with falcipamm, darker 
staining of the cell in mala?"iac, decrease in the size of the cell seen 
with the same parasite and an oval shape of the cell associated with 
a wavy edge at one or both ends ( cremdation or fimbriation) in 
ovale infection . 

.Among hrematologieal changes other than those connected with 
change in the red cell due to the presence of the parasite in this 
structure ~re a 1·etieulocyte increase (seen in Leishman or Giemsa 
stained prepar~ttions as polychromasia, heterogeneity of the red 
cells, etc.), increase in tl1e number of polymorphonuclear leucocytes, 
leucocytosis, increase in the relative proportion of large mononuclear 
cells, mononuelea1" increase, presence of large cells of endothelial 
type, maeropl!ages, and of cells containing malarial pigment, pig
mented le1tcocytes. A discussion of the nomenclature of the cells 
concerned is beyond .the function of the Sub-Committee. 

Sub-section 5. -Terms used .in the Description of the Natme 
and Course o.f Infections. 

Terms used to describe the nature and course of infection may 
relat~ to one or other of several different aspects of such infection, 
vi<".: (1) the clinical (e.g., malarial fever, malarial attack, malarial 
cachexia, latent malaria, etc.); (2) the parasitological or immuno
logical (e.g., malarial infection, primary attack, relapse, reinfection, 
superinfection, etc.); (3) that connected with treatment, prophylaxis 
or control. 

Clinically, there is an inmtbatio1~ period, usually in vivax or 
falcipa1'U1n infection, of about ten to fourteen days duration, followed 
by onset of the first attack due to such infection, fresl& infection.15 

,. Gater has observed that " fleck " is a good English word and l\Iaurer's 
flecking, or even stippling and flecl&i11g without the appended author's 
names might be a usage which would probably serve all that is required 
in practice to describe the respective conditions. It may be noted that, 
though it is usua.l to use the term Maurer's spots for the flecked type of 
granulation, both types of granulation were originally described by 
Schiiffner and the second by Stephens and Christophers 'previous to Maurer. 

11 Primary attack of parasitological terminology. Initial fever (in part) 
of Korteweg. · 
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Even in the absence of any further contraction of infection, this 
first attack is frequently followed at intervals by others due to 
the same _original infection. Such subsequent attacks have been 
variously designated by different authors in relation to their time 
of occurrence as recrudescences, recurrences or relapses.16 These 
terms are, however, so similar in meaning and have been employed 
with such different significance by different authorities that it 
requires a mental effort now to adhere to any agreed-upon· con
vention in their usage and, in the Sub-Committee's opinion, all 
such attacks should be termed relapses. It is desirable, however, 
to reserve the name long-term relapse for the peculiar relapse occur
ring in viva$ infection after a very long interval (i.e.; commonly 
about nine months subsequent to infection). Attacks not due to 
the original infection, but resulting from subsequent fresh infection. 
are reinjection$_. 17 (See also parasitological and immunological 
application of terms.) 

:By attack in the above sense is meant a whole period of acute 
illness, which, however, frequently consists of II' number of separate 
" attacks " in the se.nse of short manifestations of malaria (ague 
fits). It is very desirable that terminology should distinguish these 
two meanings of " attack " and, in default of ~ better term, it would 
seem advisable to use paroxysm 17 a where the second of these 

11 James's classification of relapses in vivaa; infection, which has been 
very generally followed, as given. by this author (Trans. R. Soc. Trop. 
Jied. and Hyg., 1931, 24, 501, is as follows : 

Recrudescence. - A return of fever and parasites at any. time 
within eight weeks after recovery from the primary attack. 

Relapse. - A return of fever and parasites later than eight weeks,. 
but earlier than twenty.four weeks after recovery from the primary 
attack. 

Recurrence.- A return of fever and parasites later than twenty
four weeks after recovery from the primary attack. This means, as 
a rule, later than twenty-six weeks from date of primary infection. 
It is desirable, however, to have a term signifying any return of " acute " 

infection after an interval from the primary attack greater than that due 
merely to periodicity and the term " relapse " seems best to serve this 
purpose. 

17 
The French terms " rechute " and "recidive " correspond respectivelY. 

to " relapse " and " reinfection " as distinguished above. · 
17

• Corresponding to the French "acces ",whereas "atteinte" would 
be the equivalent French word for attack in the above sense. 
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meanings is int~nded. Thus an attack may consist of several or 
many paroxysms or of a single paroxysm only. But an attack may 
also consist of a period of iiTegular high temperature extending 
over a number of days where the paroxysms are confused or indis
tinguishable (as often in jalcipa1·um malaria or at the first onset 
of vivax infection 18

), or of such a period followed by a succession 
of paroxysms. 

Where tho paroxysms are distinct with an interval of normal 
temperature and follow regularly, the fever may be described as of 
intermittent type, a.nd where the temperature remains high for some 
days without definite intermissions, it may be described as of 
1·emittent type. It is undesirable, l10wever, to ·use the terms inter
mittent and remittent in such a way as might be taken to hnply 
that these are distinct forms or types of malaria (as in the older 
literature). 

The occurrence of a paroxysm normally depends upon the matura
tion (schizogony) of a generation of parasites. Thus the number. of 
generations present at the time in the blood and the schizogonic 
period or cycle of the particular parasite give rise to clinical 
periodicity. Such periodicity may take the form of paroxysms on 
alternate days, tertian petioclicity, or on every third day, g_ua1·tan 
periodicity, or of paroxysms (due in man to interpolated genera
tions) occurring daily, g_uotidia1~ periodicity. Or paroxysms may 
occur on two successive days with one day interval (clouble g_ua?"tan 
periodicity). _ 

.Associated with infection may be effects due· to localisation 
of the parasites (of falciparum) causing blocking of the capillaries 
of different organs, pel"?~icious manifestations, the clinical characters 
of which are distinct from those of the normal malaria attack.10 

Such manifestations are variously named according to -the organ 
affected or the symptomatology. 

Following upon infection may be various seg_uelce, such as 
anremia, psychoses, etc. The term malaria cachexia !las been much 

11 Primary attack {in part) of parasitological termin?logy ; initial 
fever of Korteweg. 

10 The use of the word perniciou~ as applied to ordinary 9r severe 
malignant tertian infections or to the parasite causing these is undesirable, 
though fakiparun~ is the only parasite in which pernicious manifestations 
are known. 
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used to indicate a condition where the patient exhibits intense 
anremia and other consequences of prolonged infection. :M:uch of 
the malaria ca~hexia of older .clinical writings, especially in India, 
was, however, kala azar, and the term is less commonly used than 
formerly. Various minor manifestations in malarial subjects, assumed 
to be the result of latent infection, and especially when these exhibited 
periodicity or were modified by quinine administration, are sometimes 
described as latent or larval malaria. Latent is a term, however, 
best reserved for the parasitological conception of an infected person 
during a period of latency and its use in the clinical sense best 
avoided. The latter term is also now little used. H~moglobinuria 

occurring as a result of malarial infection, whether· following quinine 
administration or not, constitutes the condition usually referred 
to in English writings as blackwate1· fcvel' (hremoglobinuric fever of 
authors). 

Parasitologically, infection 20 is characterised by a period of 
invasion without·· clinical symptoms or without parasites being 
demonstrable in the blood (inc"bation pm'iod),21 followed by more 
or less marked parasitic and clinical manifestations (primary/ 
attack).22 This sequence is usually followed (except when parasites 
have been eradicated by a sterilising treatment) by a more or less 
prolonged period in which the evidences of infection depend upon 
the interacting processes of multiplication of the parasites and 
immunity reactions of the host (see infection immunity or pre-

•• " Infection " is US!ld both in the sense of introduction of infective 
material- i.e., inoculation (by natural or artificial means)- and as indicating 
the resulting condition of infection. The two usages are, however, only 
very occasionally likely to be confusing, Infection is used in connection 
with micro-organisms (bacteria or protozoa), infestation in connection with 
ecto- or endo-metazoan parasites. 

"' Incubation latency, procritical ph~se, or procriticallatency of Sergent 
and Parrot, 1935; prepatent period of Hegner, 1926. 

" Crisis of Sergent and Parrot, 1935. Crisis of Taliaferro et aZ. is used, 
however, in the usual clinieal sense to indicate the sudden fall in numbers 
of parasites due to development of specific immunity in the host. 

Korteweg uses the term initiaZ fever for the irregular fever which may 
herald a fresh infection. 

The term " primary attack " as used above appears to be the most 
generally suitable for the whole first attack of a fresh in[ection. 
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muuition).23 Infection may in this state at different times be unas~ 
sociated with parasitological or clinical manifestations, latent,23 • 

or displayed as attack conditions, actit•e. Each such active period, 
other than the primary attack, constitutes a relapse. In this con
nection, a distinction may require to be made as between a relapse 
indicated by clinical symptoms (usually associated with parasites 
in the blood), clinical relapse, and one indicated only by the reap
pearance or increase in the number of parasites as shown by 
microscopic examination, patasitic ?"elapse. 

In certain cases, an immediate primary attack may not occur, 
or may have been so mild as to have escaped attention. 24 It frequently 
happens in such a case that the first attack occurs only after a 
long period (commonly about nine months in the case of viva$ 
infection)- i.e., it resembles a long-term relapse. 

Certain terms are used in connection with the study of infection 
and immunity. Those forms of parasite which are capable of dis
tinction on morphological cha1·acters constitute species or va1·ieties 
(see remarks under Section ill, 2). Parasites of the same species 
or variety may, however, show differences in immunological and 
other characters. Where parasites giving rise to infection have been 
derived from some single source and have been maintained without 
intermixture with parasites from other sources through a number 
of generations, they constitute strains (of a species). The word 
strain is also used in a slightly different sense as implying the 
occurrence of forms of the parasite which behave immunologically· 
as though distinct from other forms of the same species- i.e., the 
several species include an unknown) number of stra.ins which a.re 

. immunologica-lly distinct. When parasites of a. given stra.in ha.ve 
esta.blished themselves in a host, the host is said to be infected with 
such strain. When such stra.in has been elimina.ted through na.tura.l 
process of recovery or through sterilising trea.tment and the host 

"' Hegner (1926) gives the name patent period to that in which parasites 
can be demonstrated, these undergoing a rise, peak and fall in numbers. 
Following this is the subpatent period when parasites cease to be demon
strable microscopically. There may be a second patent period (relapse). 

•• • The whole period following clinical recovery from the primary 
attack in bird malaria is sometimes termed the chronic lftage. .Also termed 
infection latency and metaoritioallatency. 

•• "Latence d'emblc!e " (Sergent) ; incubation latency continued into 
infection latency. 
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is later infected with the same or another strain, it is said to have 
been reinfected (reinfection). A super-added infection brought about 
in the host whilst the original infection is still present constitutes a 
superinfection. 

So long, however, as the original infection is present, inocula
tion of a host with the same strain usually leads only to a very 
slight and transient increase in the number of parasites or to no 
observable increase, the host being in a state of infection i11~munity 
or premunition.25 

Any strain of parasite which fails to bring about a definite 
exacerbation of infection in a host in a state of infection immunity 
to a strain of parasite A, or which itself will bring about a state 
of infection immunity to A- i.e., which behaves in a similar manner 
immunologically- is said to be an homologous strain (of a species) 
to A. When, however, a strain on inoculation brings about a definite 
superinfection 26 in an animal infected with the original strain, 
or fails to protect against such original. strain- i.e., which behaves 
in a dissimilar manner immunologically - it is said to be lteterologous 
to the original strain. In the case of a superinfection, there may 
then be a primary attack due to such heterologous strain (i.e., a 
new infection) in an already infected host. 

Where microscopic examination fails to detect infection, the 
blood of an infected animal inoculated into another susceptible 

:a Concomitant immunity of Sinton ; also relative tolerance of Kelsch 
and Kiener, 1889, relative immunity of certain authors, immunity tolerance 
of Mesnil, immune infestation of Christophers, infection tolerance of Y orkc, 
labile immunity of C. Schilling. C' 

•• Before the recognition of immunologically distinct strains of the 
same species, the term superinfection was used to indicate a super-added 
infection with another species or an infection resulting from reinoculation 
with the same species. The former case ted to a mi:ud infection of speciCB 
(recognisable o~en by microscopic examination), the latter to a mi:r:ed 
infection of strains (unrecognisable by microscopic examination). 

A definite superinfection as defined in the text is obviously only pos
sible in the case of a separate species or heterologous strain. A strain which 
on inoculation gave rise to a definite superinfection would by the definition 
be excluded from being considered an homologous strain. 

It might be asked what a very small increase in the number of parasites 
following inoculation of a strain would be termed. Unless such an effect 
was sufficiently definite, the strain giving rise to it would be considered in 
practice as homologous and the operation in this ease has been termed 
an homologt>UB superinfection (Sinton and Mulligan). 
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anin}al may m;ke manifest such infection, isodiagnosis (Sergent), 
or the refractoriness of the original h_ost to superinfection may 
also indicate its state of infectedness. Latent infection may also be 
made manifest by removal of the spleen, relapse following splenectomy. 
Or latent infection not evident to microscopic examination may be 
demonstrated by utilising a vector in which development of the 
parasite is demonstrable, or through which subsequent infection 
of ·another host is brought about, xenocliagnosis (Brumpt). 

Immunity in malaria which may persist for a varying period; 
even after parasites have disappeared (i.e., which may be present 
when infection immunity in a strict sense has ended through dis
appearance of the parasite from the body), has been termed residual 
immunity (Sinton)P 
. So-called "hereditary", "inherited"~ or "congenital" immunity 
-i.e., immunity from mother to child, better, inherited immunity
might conceivably be : (1) transmitted innate immunity (i.e., merely 
l1ereditary insusceptibility); (2) passive immunity by transplacental 
passage of protective bodies produced by the mother, tmnsmitted 
passive immunity 28 ; or (3) infection immunity (premunition) the 
result of infection transmitted through the placenta, imm1mity 
through transplacental infectio?J,. 

A person infected with a species or strain of parasite may also 
be infective, but in nature only when gametocytes are present in 

" Immunity in a genE>ral sense involves a refractory state which prevents 
or hinders infection, reinfection or superinfection, or which reduces the 
number of parasites in, or their efl'ect upon, the host. It may be innate 
(natural or species immunity, "resi.;.tance innce ") where the host is simply 
not susceptible, or acquired as the result of infection, or passive due to 
protective substances produced by another host. In contradistinction to 
infection immunity is the so·called specific or true immunity of Sergent 
(residual immunity of Sinton) due to the formation of antibody substance~ 
and persisting, often for a long time, after disappearance of infection. 
It was formerly thought that immunity of the last-mentioned type did 
not occur in malaria, but recent work supports the view tlmt this type 
of immunity may also be present (residual immunity of Sinton). 

•• Also there is suggested an active immunity through infection pro
duced by the transplacental passage of tho " toxins " of the maternal 
parasites (Sinton). Whilst the immunity of certain aboriginal races is 
clearly due to infection suffered in childhood, one or more of the above 
might modify the severity of infection in the early stages of such immunisa· 
tion. 
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the blood capable of undergoing further development in the v~ctor 
(see Section m, 6) and when the necessary circumstances are present 
leading to transmission. The blood of an infected person is, how
ever, infective to a susceptible host by reason of the asexual stages 
of parenterally introduced parasites, infective inoculation. 

Certain terms in connection with treatment and prophylaxis 
have special meanings or implications. Treatment of the attack, 
aims, clinically, at temporary or permanent cure of the clinical 
attaek whether this be a primary attack or a relapse, and, para
sitologically, at destruction of the asexual phases of the parasites to 
which the fever and other symptoms are due. .Ajte1·-treatment is 
(a) treatment to assure or hasten convalescence, (b) treatment 
specially directed to reduce liability to subsequent relapses, tl·eat
ment to prevent relapses or (c) treatment aimed at destruction of 
the infective forms of the parasite, gametocyte therapy. Clinical 
cure indicates that immediate symptoms due to an attack have been 
relieved and the patient apparently recovered. Radical cw·e implies 
elimination of the parasite from the body due to natural recovery 
or to treatment.29 Spontaneous recove1·y is clinical or radical cure 
brought about by nature. 

By prophylaxis is commonly meant the use of drugs to prevent 
infection or minimise its effects. This term, however, bas a more 
general meaning in that it includes such mea.'!ures as the use of the 
mosquito net, personal precautions against infection, use of screened 
quarters, etc. It seems ·desirable, therefore, to employ drug pro
phylaxis when the first meaning is intended, reserving prophylaxis 
for its more extended meaning as covering any action of a pre
cautionary character.29 

• Such action by an individual constitutes 
individual prophylaxis and when applied to a community collective 
prophylaxis. 

When the effect is merely to prevent occurrence of attacks 
during such time al! the drug is being administered, it is clinical 

•• The French use of the term is somewhat different in that it implies 
only that recovery is complete in the clinical sense. 

21 
• The Greek meaning of the term is " a watching, guarding, after " 

and the general meaning "That defends from or tends to prevent disease ; 
also transf. preservative, precautionary" (O:cfora Dictionary). Dorland 
(A111.er. IUU8t. Mea. Diet.) gives "The prevention of disease; preventive 
trea:~ent ". It seems doubtful if it covers the whole idea of preventive 
medicme - e.g., mosquito control measures - but it certainly seems to 
cover a personal precaution such as the use of a mosquito net. 
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(dmg) prophylaxis. True causal p1·ophylaxis (or, better, tr·u~ causative 
prophylaxis) has been defined by James 2911 as treatment which des
troys the sporozoitcs (or any intermediate stage between sporozoites 
and trophozoites), thus actually preventing inf~ction. 

l\Ieasm-es directed to the prevention of malaria in communities 
are commonly spoken of as cont1·oz measu1·es 30 or p1·eventive measures. 
Control measm-es catTied out against the vector are mosquito control 
measu1·es as dealt with in Section III. Control measures directed 
to protection of the community from the bites of' anopheles imle
pendent of destruction or prevention of breeding of these insects 
-e.g., by screening or other devices to this end- constitute 
1n·otection or protective cont1·ol measures. When directed to achieve 
this end by attracting anopheles to feed on cattle in place of man, 
such measures constitute zooprophylaxis (sec Section IT!). 

Measures directed to providing hospital and other facilities 
for cases of sickness independent of any fm-ther intention to control 
malaria constitute treatment of the sick. When treatment, however, 
is calTied out with the intention of reducing infection in an area, 
it constitutes p1·eventive treatment~ e.g., when patients, parasite 
calTiers or cases known to have had malaria are treated so that 
they may not infect others. General drug ailininistration to a com
munity or population is mass drug prophylaxis. Where the aim is 
definitely destruction of gamctocytes (usually by plasmoqnin 
administration), it is gametocidal prophylaxis. Efforts to eliminate 
all infection in a community are described as eradication meas1tres. 
When drugs are given by the mouth, the method is spoken of as 
oml administ1·ation and when by injection as submttaneous, intm
musculal" or int1·avenous administration as the case may be, or as 
applying to all the latter-mentioned methods as parente1·al admi
nistration. 

•• • See Third and Fourth General Reports of the Malaria Commission, 
League of Nations, on Treatment and Prophylaxis of Malaria. The word 
"causative" is preferred by James (private communication) since it is 
less likely to be. confused by the printer with "casual". 

•• Such usage is to be distinguished from "control" used in the scientific 
sense as a check to deductions from e::..-periments. In case of ambiguity, 
" control " groups or areas in the latter sense may be referred to as "com. 
parison " groups or areas. 
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SECTION II 

l\IALARIA IN THE HUl\fAN COMMUNITY 

Sub-section 1. - Terms applied to Types of Prevalence and 
Intensity of l\lalaria in the Human Community; 

Certain terms are used to describe various kinds of mani
festations of malaria. Malaria is autochtonous when contracted 
locally, and in~ported when infection takes place outside the 
specified area. Autochtonous malaria natural to an area or country 
may be termed indigenous, ·and autochtonous malaria contracted 
from imported cases (as in post-war malaria in areas from which 
the disease had normally disappeared) as introduced malaria. 
Malaria resulting from infection artificially produced in malaria 
therapy is known as induced malaria. When malaria is the direct . 
outcome of human operations, especially those giving rise to increase 
in breeding-places- e.g., borrow-pits on railways, etc. -it is 
often referred to as man-made malaria. 

Malaria may be described as spo1·adic when cases (infection) 
are .too few and scattered to cause any appreciable effect on the com
munity. It is described all endemic when constantly present in 
a degree to give some measurable amount of morbidity or spleno
megaly. It is described as hyperendemic when few in the community 
escape infect.ion, so that infection and immunity are in balance 
at a high level and the spleen rate is permanently over 50%
Hypoendemic is a term applied to those conditions where malaria 
is constantly present, but is sca.rcely measurable in the inter-epidemic 
period. 

Epidemic malaria is a periodical or occasional sharp increase 
in the morbidity or mortality due to malaria. Epidemic conditions 
may be classed as outbreaks .when occurring in small communities 
independent of conditions relative to the general area or community, 
as seasonal epidemics when due to the normal spring or autumn 
prevalence, as regional epidemics when large areas are affected 
with an unusually high degree of the normal seasonal epidemic. 
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Epidemics due to large-scale engineering or planting activities 
bringing about importation of non-immune labour into malarious 
conditions where mixture of susceptible and infected individuals 
and various other factors increase the malarial incidence constitute 
the malm'ia of (tropical) aggregation of labou1· (Christophers and 
Bentley). A condition of high endemicity following upon a 
regional epidemic is known as post-epidemic hype1·endemicity . 

. Infection in a minority community dependent on the endemic 
malaria in a surrounding indigenous community has been termed 
incidental malaria (« paludisme accidentel »)31 , The indigenous com
munity in such. circumstances forms the reservoir of injection. 

Where conditions are such that large numbers of anophe.lcs 
are present without malaria in man, there is said to be a state of 
anophelism, without .mala1'ia. Recession is a term that has been 
applied to. disappearance of malaria due to natural causes in tem
perate countries where it can be regarded as indicating a retreat 
from the normal limits of the disease. 

Terms commonly used to designate the amount or degree of 
malaria are incidence, prevalence and intensity. Incidence is 
commonly used in statistical, epidemiological or medical usage as 
referring to the number of cases, or to the percentage of infected 
persons, in an area. Prevalence is a loosely applied term indicating 
the frequency of, or liability to, infection from malaria in an area, 
or t],J.e degree of splenomegaly, or the percentage of persons with 
parasites in the blood, etc. Intensity may be used in the sense of 
severity of infections - i.e., parasite density - or of likelihood 
of an individual in the area to contract the disease. All these 
terms are preferably replaced by more precise conceptions indica
ting the particular manifestation of infection which is referred to. 
Thus-

31 The word "·fortuitous" has been suggested, but is in English perhaps 
less appropriate, as the meaning intended is not so much mere chance as 
unimportant in relation to the great body of indigenous infe~tion. 
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; (General, clinical or 
' statistical) 

I Frequency •...... \ 

Number of cases- e.g., 
morbidity = incidence 
(in usual medical sense). 

\ (a) Proportion infected-

I l (Parasitological or 

~=c;=~ I f, epidemiological) 

. . ' (General, clinical or 
statistical) 

~ \ 

) e.g. parasite rate, true 
infection rate. 

J (b) Proportion with splcuo- · 
I megaly = spleen rate. 

Severity of cases- e.g., case 
mortality, incidence of 
blackwater fever. 

I (a) :Mean numerical value 
l of infections = parasite 
} . density. 

g Intensity ........ ~ 

~ 
> 

£ 
(Parasitological or 

epidemiological) 

( 

(b) :i\Iean size of enlarged 
spleens = average . en
larged spleen. 

'\ l (General, clinical or 
) stati~tical) 

· Likelihood . . . . . . . (Parasitological or I epidemiological) 

Reputation of unhealthiness. 

Number of infections inocu
lated = 'transmission 
rate, or infective density. 

Even so, such different measures of malaria are not only unlike 
in kind and therefore often with difficulty comparable, but their 
results may be opposed. Thus, in the adult community in a 
hyperendemic area, the infection rate may be 100%, but the mor
bidity and even the parasite density may be very low. Under 
these conditions, some mea11ure of malaria which will indicate what 
appears to be the intensity of the disease in some general fashion 
has a useful r6le, even though it may be difficult to assign a precise 
significance to it. Such a measure is given by the spleen rate as 
the measure of endemicity.32 

The word endemicity is useful as giving a general mea11ure of 
the endemic prevalence of malaria. It was in early researches 
commonly mea11ured by the parasite rate (endemic index of Stephens 

oz In this connection, a useful analogy is found in an attempt to measure 
" fineness " of the weather. One may use rainfall, hours of sunshine, 
light intensity or other measures, but for practical purposes " hours of 
sunshine " gives a precisely determinable measure which coincides for 
the most part with what is meant as fineness of the day. 
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and Christophers). However, for various reasons, the degree of spleno
megaly has more and more come to be used as the standard by 
which ·malaria in an indigenous community is measured. Hence 
the great importance of the spleen indices, such as the spleei1 rate, 
average enlarged spleen, splenomet-ric index, etc. 

· l\Iethods which aim at recording and measwing endemicity and 
the prevalence of mala.ria in communities in a munerical fashion 
form the subject of mala.,·iomct1"y. From the point of view of malario
metry, malaria is regarded as static when the conditions are such 
as to produce an equilibrium state in regard to malaria, and as 
non-static when they are such that malaria prevalence is unstable. 
The terms are in la.rge degree the malariometric equivalents of 
endemic and epidemic malaria (or more correctly of hyperendemic 
and epidemic malaria, since communities in a state of moderate 
endemicity are most usually liable to seasonal fluctuations in the 
disease- i.e., mildly epidemic rather than static in character). 
In non-tropical endemic a.reas, "stable" malaria is usually con
sidered to include normal seasonal variations as part of the picture. 

SulJ-seetion 2. - Rate, Index and Ratio. 

A good deal of uncertainty exists as to the use of rate and 
index in certain terms connected with the measurement of malaria. 
Thus some writers have replaced the old-established splce1~ mte by 
spleen index on the assumption that this usage is more correct. Others 
have either followed such a change in the belief th~t it was desirable 
as being more correct or have been left with the feeling of uncertainty 
as to what the cmTect usage should be. There is even the doubt 
whether both rate and index should not be used under circumstances 
demanding one or the other. It appears to the Sub-Committee that 
such feeling of uncertainty is sufficiently general to make a review 
of the situation desirable. 

In the :first place, it is desirable to make it clear that the usc 
of index in French is not necessarily based on any decision as to 
whether on technological grounds the English usage should be 
rate or index, but to the fact that in the French language there 
is no term other than index which can be suitably used.33 

•• The word taux has not an identical significance with rate and is 
not suitable in the present connection. 
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In English there are two words, rate and index. The former, 
which usually carries the idea of some simple form of proportion, 
is that mostly used in medical statistics - e.g., death rate, birth 

· rate, still-birth rate, etc. The latter is mostly used where the pro
portion in question is not. the direct measurement required but 
only indicates this- e.g., the refractive index is the ·size of au 
angle, but it indicates measurement of a property, viz., refractivity. 

Ross, however, in his "Prevention of Malaria", when seeking 
for terms to indicate new ideas in the mensuration of malaria, laid 
considerable emphasis on the use of the w<_>rd rate only when some 
specified ratio (a) had been actually ascertained for the whole 
community (i.e., was not merely derived from a sample), and 
(b) was the absolute value in nature (i.e., was not merely an observed 
value subject to error). In the absence of such completeness or 
accuracy, the term, it was maintained, should be index. In practice, 
however, if both terms be used in the above senses, there would 
be a complete reduplication, depending on accuracy or com
pleteness of the observations of every stated proportion. The death 
rate, if subject to inaccuracy, would become an index, and the 
still-birth rate would not be a rate, because it requires an arbitrary 
decision as to the time in pregnancy when the fretus is considered 
as viable. · · 

The Sub-Committee believes, therefore, that, whilst the dis
tinction drawn by R.oss is important, there is a more important 
distinction better worth preserving in the use of the terms rate 
and index - viz., that the former implies a ·simple and direct 
observed proportion, the latter a measurement of one type of value 
used to indicate measurement of another kind of value. Thus the 
percentage of palpably enlarged spleens in a group would be the 
spleen rate of the group, but is an index of the endemicity of malaria 
in the population. The amount of quinine sold in.a village might 
similarly be an index of the malaria morbidity. 

There is, however, a further complication in that to biometricians 
(as kindly noted by Dr. Muench and Dr. Putman, of the Rockefeller 
Foundation, through Dr. Hackett) "rate" is a simple proportion 
" usually applied to events occurring within a given period of time ". 
Thus the marriage rate is the proportion married within a given 
time, not the proportion of married persons in the ·com
munity. To express a continuing characteristic of a population 
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(such as splenomegaly) which is not an event, the term" frequency " 
is preferred .. .As, however, "frequency" has been widely used in a 
different connotation in malaria, it. would be difficult now to apply 
it in the present case. 

The choice, taking into account general usage and practical 
suitability, therefore appears to lie between spleen rate and spleen 
index. The Sub-Committee believes that, on the whole, "rate" 
is here most suitable, especially as it· has· the claim of long usage 
and custom. Where necessary, index has been used- e.g., spleno
metric index or Macdonald's index, which are not rates. Ratio 
has been used where the proportion of one measured specified value 
to another is expressed as a figure, relating to unity, and not as a 
percentage. Whilst such definitions are naturally not always capable 
of precise application, they appear to constitute in general a useful 
and rea,sonable guide to procedure in malariometric terminology. 

Sub-section 3. - Terms used in the Statistical Measurement 
of 1\lalaria. 

The nwl·bidity rate (or morbidity) from malaria would be (theo
retically) the number of persons sick from malaria in a given unit 
of time. Such a rate is rarely possible of measurement, and morbi
dity rates as actually employed are usually based on admissions 
to, or attendances at, .hospitals or dispensaries. These are very 
dependent on the circumstances controlling admission or. attendance 
and frequently, also, the actual population to which such figures 
relate is unknown. 

The true mortality rate (or death rate) from malaria is in practice 
as unascertainable as the true morbidity rate, but for different 
reasons. In this case,- the recording agency may be effective as 
regards the record of deaths, but may often give little information 
of real value because so many of the deaths recorded as due to malaria 
are in reality due to other conditions and, on the contrary, deaths 
directly or indirectly due to malaria are often not recorded as such. 
This is especially likely to happen since mortality from malada in a 
general community is preponderantly infantile, an.d even with medi
cal supervision diagnosis in such cases is difficult. Data of this type 
may, however, be of use in indicating seasonal and other variations 
in mala~ia even though, as absolute values, they cannot be relied on. 

~ 
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For the above rea.sons, the totaZ deaths (i.e., deaths from all causes) 
in an area may, in some circumstances, be even more valuable as 
material for statistical .study than the returns of malarial mortality. 
This applies particularly to conditions where malaria occurs in epi
demic form in native populations and there is good general registra
tion of deaths, independently of any question of correct diagnosis 
of the cause of. death. This is because the temporary effects of the 
disease here cause considerable or even enormous variation in the 
total deaths, such effects being evidenced by characteristic peaks 
in the graph of total (weekly) deaths, epidemic rises of Indian 
observers. The measure of an epidemic rise is the epiden~ic figm·e, 
or number of deaths in a selected epidemic month divided by the 
normal monthly deaths for the area. By plotting such epidemic 
figures for numerous small registration circles, the intensity and 
distribution of regional epidemics can be mapped.34 

It is often required to use data, not for the whole community, 
but for a particular a.ge group or groups. In specifying such age 
groups there is some difficulty in avoiding ambiguity as to the exact 
age group referred to, especially in the endeavour to do so briefly 
as in compiling tables.35 Age is most commonly taken as that on 
the last birthday (method A). In this method of stating age, a 
child of 2 may be any age from 2 to just short of 3. In malaria 
field work, especially in the tropics, where the age of children has 
to be guessed or given approximately, the age figure is more nearly 
that of the nearest birthday -i.e., a child of 2 may be any age 
from lYz to 2Yz (method B).36 To describe a child as 2 and over 
but under 3 (a.s in method A) and, especially when defining age groups 
to avoid ambiguity in such fashion, is both troublesome and clumsy, 
and the best way to avoid such redundant description and to retain 
accuracy of expression would appear to be. to adopt a convention 
by which it is understood that any given age figure includes children 

. •• For description of the method, see "How to do a :\falaria Survey ", 
. Go,v.t: of)ndia, Health BuUetin, 1936, No. 14, 3rd Ed. 

•• Thus the age group 0-2 of some authors is identical with a.ge group 
0-1 of others employing a different method of statement. 

" The accurate method would be to record a.ges in years with the neces
sary fractions (method C), but this in practice, unless very small groups 
are used, would come down to one of the above methods. 
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of that age to just under the next year of age.37 If children in the 
first year of life are given as 0, then quinquennial age groups would 
work out as below : 

0-1 
2-4 

5-9 

Children under 2 ~ 
Children in third, fourth Children in the 

and fifth year of life years of life. 
I 

ChildJ:en in the second five years of life. 
10-14 Third quinquennium. 
15-19 Fourth quinquennium. 

first five 

·where ages are recorded by method B, these groups woUld not 
be strictly accurate, but, as method B is admittedly used in circum
stances where the age given is approximate, such inaccuracy a~ is 
involved would usually not be important and the age groups given 
would indicate sufficiently well what is intended. It will be 
evident that in all cases it is desirable that a clear statement should 
be given as to any convention used and the method of determining 
age stated. 

Terms used to describe age groups are liable to differ in different 
countries, but in tropical countries for the most part the periods 
may be distinguished as: infants {0-1), children {2-9), adolescents 
{10-14), young adults {15-19) and adults {20-). Strictly, in statistical 
work, "infant " applies only to age group 0- e.g., infantile morta
lity. There are some advantages in so restricting the term, since 
this group is especially important in relation to the frequency of 
infection a.nd season of transinission. It ha~ been suggested that 

37 According to Dr. H. l\[uench, Biometrician to the Rockefeller Founda
tion (private communication to Dr. Haclmtt), the above-noted convention 

· has been very generally adopted by biometricians in the United States. 
Some other conventions are also in use to facilitate <lesignation of age 
groups in adults, but, as detail in this respect is rarely required in malaria 
work, it is unnecessary to refer to them here. The above convention is 
that adopted in the present report, so that children in the first two years 
of life are given always as age group 0.1 and those in the third to the tenth 
years of life as age group 2-0. The importance o"f group 2-9 is that, as more 
fully explained in Section II, _4 and 5, both the parasite. rate (tl).ough not 
the parasite density) and the spleen rate are very constant throughout 
this period, but may alter considerably in the next quinquennial group. 
Since, however, in malaria work, ages have often to be given very 
approximately, such groups as a rule in practice are to be regarded more 
as a general guide to procedure than as a matter of strict a<lhorence. 
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age group 1 might if necessary be. designated " babies " and that 
age. group 2-9, on which most of the determinations in connection 
with malaria are made, might suitably be referred to as the "index 
group". Group 10-14, whilst often showing well-developed indi
viduals, may also contain many who might be described as children. 
In French usage (e.g., Algeria) are nourrissons (0~1) and enfants 
(2-14, with sub-groups 2 to 5, 5 to 10 and 10 to 15), then, above 15, 
adolescents and adultes. 

Sub-section 4. - Terms used in the l\'lcasurement of l\lalaria 
by Examination of the Blood. 

(a) General considerations on parasite rates and indices. 

A measure of the incidence or frequency of malaria- i.e., 
the infection rate38 - would be the percentage of persons in a given 
community who have the parasites of malaria in their blood. The 
difficulty in regard to such a value is due to the fact that not all 
the infected persons in the community are detected by a blood 
examination. Hence the number found positive- i.e., the parasite 
rate- is not exactly equal to, and may be widely different from, 
the true infection rate. Before discussing the terminology and the 
definition of such terms as parasite rate, parasite density, infection 
rate, etc., it is therefore desirable to refer briefly to the question 
of the relation between results obtained by examination of the 
blood and the actual blood condition present. This will be most 
readily done by considering the results obtained from a more and 

· more prolonged examination given to a s.eries of blood filins from 
an infected community, preferably a child community under more 
or less static malaria conditions. 

In any such community, many of the infections are likely to 
be of a relatively high order, say 1,000 parasite~ per c.mm. or over. 

•• Infection rate has been: used not only as the percentage of actually 
infected persons, but has a~o been applied (Swellengrebel, 1920, see under 
specia infection Tate) to indicate the number of "infections "~.e., counting 
infections by different species of parasites per 100 persons. Like " endemic 
index", the term "infection rate" has now been used in so many senses that 
it has ceased to serve a usefnl function. It is better, therefore, to use parasite 
rate to indicate the number of infected persons found by examination, and 
truB infection Tate if the hypothetical number of actually infected persons 
is to be indicated (see also parasite asymptote and Macdonald's index). 
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:All such infections will be detected by·a moderate degree of examina
tion, say one or two fields of a thick film. There would ~emain, 
however, undetected a number of infections of a smaller order, say 
100 parasites per c.mm. or less. Further, more ·and more of such 
infections "'ould be brought to light as more and more time is given 
to the examination - i.e., as more a.ncl more blood is examined. 
On the average, it is clear that to find one parasite when these 
nmnber 1,000 per c.mm. one-thousandth of a c.mm. of blood must 
be examined- i.e., approximately 5,000 r.b.c. To detect an infection 
of 100 parasites per c.mm. on the average, it would, however, be 

·necessary to (:IXamine 50,000 r.b.c., or about 0.01 c.mm. blood 
-i.e., about 100 microscopic fields each containing 500 r.b.c. in 
a thin film, or an equivalent nmnber of fields in a thick film.39 

Two important points here arise : viz., (1) that without some 
indication of the infection intensity (i.e., the value of the infections 
which different positive results represent), a very imperfect idea 
of the real degree of parasitism is given by the parasite rate (e.g., 
this may be made up entire!~ or mainly of very small infections, or 
of quite large infections, obviously indicating a different state of 
affairs in the two cases), and, (2) that 1ihe rate itself is actually 
largely dependent on the .number of light or heavy infections pte
sent, since the larger the infection the greater the likelihood that 
this will be detected in any given degree of examination. 

It will be clear, therefore, that it is desirable when specifying 
infection in a community to give, not only the pamsite rate, but also 
an indication of the parasite density. These two values are required 
to cover the two separate conceptions of the frequency or incidence 
of infections and of the intensity or number of parasites which 
these infections represent. An even more complete specification of 
the characters of infection in a community is to be obtained from a 
study of the frequency distribution of the values of infections. The 
fact that infections may be those with different species· of parasite 
has also to be considered (see (e) of this sub-section; species 
prevalence). 

(b) Parasite rate. . 
The parasite rate 40 may be defined as the percentage of childre~ 

(age group 2-9) showing parasites in a short examination at some 

•• See remarks on thick ftlms in Section II, 4, c). 
•• Blood index of some American authors. 
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specified time.41 The percentage of adults similarly showing parasites 
is the adult para$ite rate, and that of children 0-1 the infantile parasite 
rate. Similarly, the parasite rate at any age group may be specified 
as the parasite rate of that age group- e.g., parasite rate 2-4.42 

The expression " in a short examination " is intended to indicate 
that the value ascertained is to some extent dependent on the time 
devoted to the examination of each slide. With very little increase 
of labour, however, both the parasite rate and the approximative 
parasite density can be simultaneously obtained by using one of the 
simple routine counting methods of examining slides described 
in the section on parasite density. The parasite rate can then be 
given as relating to a definite minimum infection limit as there 
explained.43 

The age group 2-9 is that selected to cover the period of maximum 
infection and reaction, and thus most suitably to indicate the degree 
of premunition in the community. It also has the advantage that, 
though the numerical value of the infections may show a reduction 
with increasing age in the group, the actual percentage of children 
infected remains usually very constant. The same age group is 
also that used for the spleen rate, which also remains very constant 
within these age limits. Babies (age group 0-1) are sometimes 
included for 'convenience, but children under 2, as in the definition, 
are best treated as a separate group, since they are liable to show 
difierent conditions in respect to infection depending upon whether 

41 Schiift'ner prefers to apply the term parasite rate without reference 
to any age group. The parasite rate in children would then be parasite 
rate 2.9. Since, however, it is the rate in children which is almost entirely 
used to compare malaria in different communities and sinco it is this which 
is usually meant when the term parasite rate is used, it is perhaps simplest 
to adopt the convention as given above. The important thing to realise 
is that for comparison the child rate is in general use. If all in the com
munity be included, the results would often depend very largely on the 
proportion of adults. 

" See method of specifying age groups (Section II, 3). 
" Thus, for example, if 100 fields of a thin film be always examined 

before returning a slide as negative, approximately 50,000 r.b.c., or about 
0.01 c.mm. of blood, will have been passed in review. Hence, on the average, 
infectious of 100 parasites per c.mm. and over will be detected (see 
Section II, 4 (b)). The parasite rate as determined will then be on this 
basis, viz.; percentage showing infections of 100 parasites per c.mm. or 
over. 
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they have passed through a fever season or have not been born · 
sufficiently long to have acquired infection. As a group, however, 
these have an importance of their own (see average new-born 
infection period and infantile parasite rate). The adult para-site 
rate is also very important, especially in relation to the parasite 
rate in children. 

The same considerations hold good for the parasite rate as are 
given under the spleen rate in regard to the source of the children 
examined and, if school-children are utilised, this should always 
be stated.44 Any possibility that the children have been subject 
to quinine medication has especially to be carefully excluded or 
taken note or. 

(c) Parasite density. 

The parasite rate takes no cognisance of the fact that the infections 
encountered may vary very greatly in intensity- i.e., in the 
number of parasites characterising them. The number of parasites 
per c.mm. in any given individual is the pamsite count. The mean 
or average parasite count for a community or age group constitutes 
the parasite density, which thus is a measure of intensity of infection 
in a community as judged by the. numerical value of infections. 
The parasite density can be expressed either as the mean pamsite 
count (mean number of para.sifes per c.mm. taking negative observa
tions into count in arriving at the mean), or as the mean positive 
parasite count 45 (where negative observations are excluded and 
only the value of actual infections is taken). 

Unfortunately, the enormous variation in the numerical value 
of the infections usually encountered makes these means less 
satisfactory data than they might otherwise have been. Thus, if 
one infection is of very great magnitude, it may grossly swamp 
the effect of a majority of much smaller counts. Nevertheless, 
when infections are reasonably graded and where a suflicient number 
of children are utilised, the mean positive parasite count may be 

u See remarks on tho use of school-children given in Section II, 5 (a). 
•• Tho mean positive parasite count expressed as the mean of the number 

of parasites found in 200 fields of a thin film multiplied by 10 bas been 
termed by Gill, 1928, the infestation index and used by this author to 
indicate intensity as contrasted with frequency of malarial infections in 
a community. The word infestation, though it expresses well the idea of 
intensity, bas been generally applied to ecto- or endo-metazoa.n parasites. 
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a very valuable figure. In practice, it may be desirable to omit 
from the mean any grossly outlying .values, or better, some other 
measure than the mean may be used- e.g. the mode or the quartiles 
obtained from an array (see parasite frequency distribution).~6 

The geometric mean -i.e., the square root of the produc~ of the 
values -is another method of minimising extreme deviations in 
the upper range. 

For accurate enumeration of parasites, a suitable technique 
must be used- e.g., small measured quantities of blood spread 
over a known area, ·or Sinton's fowl-corpuscle method. The 
following, however, are methods in use to obtain approximate 
results: 

(1) Counting the parasites seen in a thick or thin film respec
tively in a given time of examination. 

(2) Counting the parasites in a given number of.microscopic 
fields· in a thin film or an equivalent number in a thick film ~7 , 

" Enumerative studies, whilst almost essential to advance in the 
investigation of malaria, are beset with difficulties and much remains to 
be done before entirely satisfactory methods of dealing with tl1e dep-ee 
of parasitism can be put forward. Meantime it seems desirable to set out . 
as far as possible the general principles which up to the present have guided 
enumerative work. 

" In the case of thick films, the spread-out drop is not fixed but covered 
in the unfixed condition with diluted Giemsa stain (one drop of stain to 
a cc. of water or even more dilute). The drop should be spread so that 
the film is of such a thickness only that it does not flake off in parts when 
wetted and preferably so that it dries homogeneously- i.e., before« rouleau • 
formation has had time to form and give it a markedly granular appearance. 
For enumerative work, a standard thickness should be· aimed at. 'l'bis is 
facilitated by taking drops as nearly as possible of a size and spreading to 
the same extent. 

In a method recently described by Korteweg, a drop .of blood placed 
on the slide towards one end is allowed to run along by sloping the slide. 
When the other end is reached, the slide is tilted in the opposite direction 
and the drop nllowed to continue its flow as far as it will go. This gives 
an optimum thickness for staining and examination and one relatively 
constant for rough enumerative work. · 

Since identification may sometimes require a thin film, especially 
when parasites are very scanty, 'it is usual to make at the same time a 
thick and a ~hin film of each individual, which may conveniently be made 
on the same slide. In this case the thin film, but not the thick, is fixed. 

!!'hin films should be of such a thickness that, in the part counted, cells 
should neither overlap .nor be sparsely scattered. · 
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using a square ocular aperture of known area relationship to 
the whole field when necessary. 

(3) Counting the parasites in relation to .the number of red 
cells or to leucocytes simultaneously encountered, using a 
square ocular aperture of suitable area. · The first method is 
applicable only to thin films where alone the red cells are left 
intact and the second to thick films where alone the leucocytes 
are sufficiently uniformly distributed for such a method to 'be 
used. 

Use of a direct time limit is generally agreed to be· unsatis
factory.48 Perhaps the meth"od of counting the parasites in 100 
fields of a thin film is the simplcl!t routine method, the same 
objective and eyepiece being employed or any necessary adjustment 
in this respect made. .As the rough average number of red cells in 
the field for a given objective and eyepiece can be ascertained, 
results can, if desired, be expressed as parasites per c.mm.49 If thick 
films be made of a roughly standardised thickness, counts obtained 
by e;amining so many fields can ·also be roughly expressed in 
parasites per c.mm. Counting the leucocytes similarly enables 
a rough quantitative result to be given. 

The question arises as to the value of such very approximate 
determinations. The natural reaction is to dismiss. such methods 
as too unreliable. to serve any useful purpose. Further consi
deration will show, however, that the enorp1ous range in the value 
of the infections (lying between 100 or less and 100,000· or more 
parasites per c.mm.) is an asset in one's favour, since the order 
of infections becomes of greater significance than the exact accuracy 
of the results. The value of such rough methods is also evidenced 
by their obvious utility in practice. Thus a record of + or - gives 
no indication whatever of the numerical value of a recorded result, 

•• To avoid the monotony of counting ·fields .as the examination goes 
on, some observers ascertain in the first place by trial the time they take 
to examine 100 fields and use this as the limit where a negative result 
is to be returned. In this case the fields should not be streamed past the 
eye, but critical).y examined for a brief period before they are passed on 
for the next. It is not necessary that the fields should b11 contiguous. 

•• Thus, if the mieroscoplc field in use contains about 500 r.b.e., the 
number of parasites per 100 fields multiplied .by 100 gives approximately 
the number of parasites per c.mm. 
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nor is it found by experience that such entries as scanty, numerous, 
etc., give much more. On the other hand, entries such as 100/3, 
25/10, 12 per field, etc., roughly indicating respectively 3, 40 and 
1,200 pa;rasites per 100 fields, or 300, 4,000 and 120,000 pa;rasites 
per c.mm. a;re at least a useful indication sufficient for many 
purposes. 5° 

Of age groups in communities subject to static malaria, the 
parasite density may be considerably higher in age group 2-4 than 
in that of 5-91 and this may make separation of these two groups 
important. 51 

(d) Parasite frequency distribution. 

From the data giving the numerical value of infections in a com
munity it may be useful to study the parasite frequcnC]f distribution. 
The usual method of setting out the frequency distribution (i.e., 
numbers in any given class as ordinates and the measm·ement specify
ing the classes as abscissre) is often less useful in this case than 
an array (infections arranged in order of magnitude spaced at 
regular intervals along the base line). From an array can be 
ascertained at once by inspection the median (i.e., the middle infection 
by count along the base line). Or it may be advantageous to utilise 
for certain purposes the upper, or upper and lower, quartile (the 
infection occurring halfway along the base line between the median 
and the upper and lower limits of the array respectively). Or a 
frequency distribution with density scale in logarithms may be 
the best form. 

•• It is perhaps desirable to note that the determination of density 
as the average value of the parasite count is itself only a means of com
paring what is by its very nature a complex and mixed phenomenon. For 
example, a child may show a small infection, (aJ.because it is really suffer
ing from a small infection, or (b) because at the height of a heavy infection 
parasites at the time may not be numerous in the peripheral blood. Never
theless, such a figure may indicate average differences at different age 
periods or enable one community to be compared with another. The actual 
interpretation of the data elicited must remain with the research worker. 
See also remarks in the Introduction as to principles underlying use of 
index values. · 

11 The rapidity with which the parasite density falls constitutes, 
according to Bagster Wilson, the best index we have of malaria intensity 
in the community. 
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An interesting and informative study of infection values can 
also be made by plotting the infections detected at successive 
numbers of fields examined. This can be done by noting in the 
case of each slide the number of fields before a parasite is first 
encountered and plotting a curve on the basis of the results 
obtained. Such a curve at first rises very rapidly, but after, 
say, 500 fields, .much more slowly and is eventually seen to be 
approaching an asymptotic value which can be roughly gauged 
by inspection. Such a value is a form of expression of the true 
infection rate {absolute parasite mte) and may be termed the 
pamsite asymptote. Its determination has the property of 
bringing more and more intensive examination to bear on the 
negative films and thus exploring the frequency of the lower-grade 
infections. 

{e) Species p1·evalence. 

So far, infections have been dealt with without reference to 
the fact that these are .sometimes infections by one species of 
parasite and sometimes by another, or, as often happens, two or 
more species may be present in the same individual, so that the 
number of infected persons is not the same as the number of infections 
considering each species separately. Commonly, infections of one 
species are predominant in certain areas (e.g., falciparum in the 
tropics, vivaa; in Europe), so that in general the parasite rate and 
parasite density refer in practice more or less satisfactorily to 
such species. The question of a plw·ality of infections has, however, 
to be given consideration in relation to terms employed. Such 
terms are rather apt to be ambiguous and the following is perhaps 
the· usage to be recommended where it is necessary to employ 
them. 

The percentage of individuals found infected with any given 
species is the species infection rate for that species -e.g., the viva:c, 
mala1'iae or falcipai'Um infection t·ate. The percentage which infec
tions with any given species forms of the total infections found 
is the relative prevalence of that species. .A. statement giving in 
some recognised order the relative prevalences of the species found 
is the parasite fOI·mula (the figures given totalling 100). The 
percentage of infections, couri.ting each species separately, in a 



li4 TERMINOLOGY IN l\IALARIA 

community is the all-species infection rate,52 \Vhich may be greater 
than the pa.rasite rate and may exceed 100. 

Sub-section 5. -Terms applied to the l\leasurt>ment of l\lalaria 
by Enlargement of the. Spleen. 

(a) General considerations relating to measurement of splenomegaly. 

Just as in the measurement of infection there are two clistinct 
phenomena being measured- viz., (1) the proportion of a community 
infected and (2) the number of parasites represented by such 
infections - so in the measurement of splenomegaly there is the 
proportion of a community showing splenomegaly and the degree 
of splenomegaly shown. 

The first to use, as a measure of malaria, the proportion of 
persons in a community showing splenomegaly- i.e., the spleen 
rate- appears to have been Dempster, 1846. Ross (in his report 
on Mauritius, 1908) was the first to make systematic use of the size 
of the enlarged spleen in a malarious community to measure malaria. 53 

Very many observers have subsequently utilised these methods 
in studying malaria prevalence and mapping malaria, and the 
subject has become somewhat complex, largely due to the different 
ways of obtaining and studying the data. It. is desirable as far as 
possible to bring these varying methods and usages under a com
mon terminology and to simplify the issues by a clear statement 
of underlying principles. 

Whilst the spleen rate would most simply be regarded as the 
percentage of persons in any community showing splenomegaly, 
it has been. found that the rate is often very di:fferent in ·the children 
fro~ what it is in the adults of a colilmunity and that the· rate in 
children for various reasons is the more representative as a measure 

•• The term "infection rate" used by Swellengrebel,. 1920, to indicate 
the percentage of infections as distinct from the percentage of infected 
individuals, whilst very suitable in one sense, is likely to be ambiguous 
from the number of ways in which this term has been used, or might be used 
as seen above. See also footnote ••. 

53 The measurement of the organ in a clinical case by fingerbreadths 
probably dates a good deal further back- e.g., Twining, 1832, in some 
of his cases, records that the spleen could be felt two finger breadths below 
the cartilsges of the left false ribs (Twining · " Clinical Illustrations of the 
::\lore Important Diseases of Bengal", Baptist :Mission Press, Calcutta, 1832) 
{private communication from Colonel Sinton). 
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of malaria. The " spleen rate " as ordinarily understood and used 
by malariologists has therefore come to be the spleen rate in the 
children of a community, the spleen rate in adults being dis-. 
tinguished as the adult spleen rate (see definition of terms in 
Section II, 5 (b)).54 

The age group usually selected is that which includes children 
in their third to tenth year of life- i.e., age group 2-9, or the same 
group as was recommended for determination of the parasite rate. 
Roughly, this includes children n·om those who have begun to 
.run about (" toddlers ") to any who are still obviously children and 
not adoleseents.55 Young babies (age group 0-1) are commonly 
carried in their mothers' a.rms and cannot be examined under 
the same conditions as children who have begun to run about . 
.Also many babies, especially those who have not passed through 
a fever season, may not yet have had time to develop splenomegaly. 
In· the later age group (10-14), the spleen rate has often become 
considerably reduced and, without knowledge on this point, cannot 
be assumed to be the same as in age group 2-9, in which period it 
is generally very constant.56 In adults, the spleen rate may even 

•• As with the parasite rate, Schiift'ner prefers to use " spleen rate " 
as applicable to whatever age group has been examined. The same con
siderations apply here as have been noted under parasite rate, and it seems 
perhaps desirable that by spleen rate should be meant the child spleen 
rate, the spleen rate in any other group being referred to as the spleen rate 
for that group. Otherwise, when referring to the spleen rate as ordinarily 
understood, it would be necessary .to term it " spleen rate 2-9 " or " child 
spleen rate". This is not the same thing as recommending that the spleen 
rate be taken 'by including both children and adults in the result. If this 
be done, a. much less useful value is obtained and it is not the " spleen 
rate " as understood by most malariologists. 

•• In some countries, a somewhat different grouping may be selected 
in accordance with conditions prevailing. In Algeria, for example, the 
age group 0-15 (enfants) is in common use. Actually in practice, the age 
group limits given are to be taken more as a general guide than as a matter 
of strict observance. Importance is chiefly to be given to excluding obvious 
disturbing causes, such as would result if babies or adolescents were 
included in the cjilldren group. 

•• Within the age group 2-9, the spleen rate usually remains very 
constant. There is not therefore the same desirability to split up this grou11 
into ages 2·4 and 5-9 as there is when dealing with parasite density. The 
indices relating to spleen size are also little liable to change during the 
age period in question. 
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be in reverse relation to that in children- i.e., a very intense 
malaria with a high spleen rate in children is not infrequently 
associated with a greatly lowered adult spleen rate. In other 
circumstances, both the child spleen rate and the adult spleen 
rate may be high. 

Splenomegaly may be regarded as giving an indication of the 
amount of infection immunity or premunition in a community. 
The value of the spleen rate as taken in children lies in the fact 
that, in this case, the incidence and degree of splenomegaly are 
always those in a community not previously affected by malaria, 
and so these conditions are more comparable from one community 
t.o another than would be the case in later age groups, where the 
incidence and degree of splenomegaly are largely influenced by pre
vious infection in childhood. There are also other advantages in 
using the child spleen rate. Thus, in adults, development of the abdo
minal muscles, the likelihood of there being old standing adhesions 
and fibroid changes in the organ, as well as greater variation in the 
shape and position of the spleen, are all unfavourable to accurate 
observation. In children, on the other hand, the thin abdominal 
wall, the usually more recently turgid condition of the enlarged 
organ and the highly characteristic shape of the spleen in the different 
degrees of enlargement are all favourable to examination. .A not 
unimportant point is that, in children of the age group used, pro
bably but few spleens pathologically enlarged even in the smallest 
degree escape detection, since the organ, as well as being enlarged, 
hal! an increased consistency which favours detection of the patho
logically enlarged as against the normal organ. Thus the spleen 
rate in children probably. closely indicates the actual proportion 
of those in whom there is actual enlargement of this organ. It 
is not therefore merely an index, but probably very close to a true 
rate, using the terms index and rate in the sense of Ross (see 
Section II, 2). .Again, the children of a village are much more likely 
to have been born and to have grown up in the same locality than 
are the adults, who also are more likely to have 'been exposed to 
contracting infection outside the area as a result of their occupa
tions, etc. 

, Both in relation to parasite determinations and observations 
on splenomegaly, the question of the source of the children examined 
has some importance. The parasite rate and also the incidence of 
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splenomegaly is liable to be greater the lower the social status of 
the children examined. For this and other reasons, 56 a school
children are apt to show lower rates than children collected in villages 
or in the streets of a town. It is not always practicable or desirable 
to exclude the use of school-children, but it should always be stated 
that results relate to them if this be the case. 

In general,. as described in a later sub-section, there are two 
main methods of procedure among malariologists in regard to 
palpation of the spleen when determining the spleen rate, viz. : 
that employed in .Algeria, India and some other countries in which 
the child is examined standing,57 and that used notably by the 
Rockefeller Foundation in their recent work in Europe and elsewhere 
in which t.he child is examined lying down and in which stress is 
laid on the use of deep inspiration in this position to assist palpation. 58 

•• • The following are reasons which may lead to a reduced rate in 
school-children, ·11i::.: (I) social status is often relatively high, (2) children 
below the age of 5 .are but little represented, (3) sick children a1·e likely 
to be absent, ( 4) school quininisation may influence results or the taking 
of quinine may be more frequent due to education and social status. Also 
the children are often drawn from a wider area- e.g., from villages to a 
school in town - and may not reflect the actual local conditions so well. 
(See" How to do a Malaria Survey", Zoe. cit., page 75.) 

On the other hand, the much larger samples obtainable in schools, 
the possibility of examining .the same group at different times, the greater 
hlformation available about the child are distinct advantages. 

Much would depend upon the circumstances in di.IIerent countries, 
areas, etc., so that it is impossible to lay down a strict rule, but on the 
whole some allowance must be made for a lower rate in school-children 
where comparison is being made with rates obtained on village or street 
children, and it is therefore desirable, as noted in the text, that it should 
be so stated when school-children are being utilised in determining rates. 

07 A modification of this method consists in examination of the child 
sitting as employed by Schiiffner. For determination of the spleen rate, 
it is not very material what exact technique is employed except as noted 
in the text for the question of so-called P. I. spleens. 

•• Schiiffner does not agree that the deep inspiration is a special method 
relating to the "recumbent " method of palpating the spleen, but one 
to be ordinarily employed with the child sitting or standing also. Actually, 
personal experience of observers so largely determines their technique 
that it would be unjustifiable to assume that an examination in the standing 
or sitting position is necessarily less effective than one made in the recumbent 
position. 
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The chief difference in the results of. these two procedures relates 
to the greater prominence given in the second of. the methods to 
spleens so slightly enlarged that they are described as " palpable 
on deep inspiration only" or "P.I. spleens". Until more com
parison ha8 been made of the two methods in the field by those 
familiar with both, it is not possible to give any exact indication 
of the extent to which the two methods actually differ iu respect 
to the class of enlarged spleen noted. In the meantime, comparison 
of spleen rates as taken in different countries by different observers 
is greatly facilitated by a record of the size of the spleen as dealt 
with later, this being one of the reasons why it is important to 
indicate the proportion of different-sized spleens as well as merely 
to determine the spleen rate. 

The methods employed by different malariologists in measuring 
and recording the size of the spleen are dealt with in sub
section 2 (c). In general, it may be said that measurement of the 
size of the enlarged spleen in a community involves the recog
nition of certain definable classes of size, the numerical prevalence 
of which in a given community can be ascertained and recorded. 
From such records, certain average values- e.g. the average 
spleen, average enlarged spleen, etc. -can be arrived at which are 
intended to serve as an indication of the degree of splenomegaly 
present. Since such information may be useful, not only as a matter 
of theoretical interest, but also as a means of comparing different 
observers' results, it is greatly to be recommended that data obtained 
regarding- splenomegaly be recorded in some such form as below. 
By giving the data in this way, both the spleen rate and any other 
index desired can be readily calculated at any time. 

Class of Age group 
spleen 0-1 2-4 5-9 10-14 adults 

0 

1 
. 2 

3 

4 
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In practice, the age and class of spleen are recorded at the time 
the examination is made by an assistant. From such field notes, 
the data are classified at leisure and !J.ny necessary calculations 
made. 

The actual classes used and the form of average figure employed 
are a matter for choice by the observer from those given in detail 
1[\>ter. Here it is necessary only to refer to certain considerations 
which may influence such choice. 

First, the object which the observer has in mind is important. 
If the object is scientific research upon the.splenomegaly of indigenous 
communities, then a precise and accurate technique is not only 
desirable but necessary. But if the object is only one of practical 
utility in control or other malaria work, less elaborate methods 
may serve. Even then it should be remembered that, whilst simpli
fication is very desirable, reducing the number of classes (for example) 
may carry the simplification to a point at which the results cease 
tO- have any real value. In particular, in this subject it is necessary 
to guard against a fictitious appearance of usefulness in results due 
to not clearly recognising the nature or implications of the processes 
to which the data have been submitted. This may be perhaps 
most clearly illustrated by an analogy, bearing in mind what has 
been demonstrated by observations in the field- viz., that in 
conditions of static malaria (i.e., in most malarious indigenous 
communities) the average amount of enlargement in those affected 
with splenomegaly is not greatly different whatever the intensity 
of the malaria may be. Let it be supposed that we Wish to compare 
the average adult stature in two communities. If we class men 
as short, medium and tall, giving these as classes 1, 2 and 3, and 
take an average of our observations based on this numerical valua
tion, we should not expect to arrive at a.ny useful result, the method 
being insufficiently delicate for the purpose intended- i.e., the 
classes used, whilst very simply determined, are too few and 
approximate. We may expect the same comparative lac}r of value 
and certainty if we attempt to determine the average enlarged 
spleen by what may seem very easy, but are really .not sufficiently 
careful and detailed, methods. Let us now suppose that there are, 
along with the adults, a number of children whose stature we class 
and value as 0. It is clear that, as regards the adult stature- i.e., 
the information we really require- an average obtained from our 

4 
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figures will be quite meaningless. Counting in the children in 
calculating the average - i.e., doing what we do when we determine 
the average spleen- will not tell us at all what the average adult 
stature is, but will tell us only the average stature of the individuals 
who actually form the community and this will obviously depend 
upon how many children have been included, aud this will clearly 
have nothing to do with adult stature. If we wish, then, to know 
what effect a certain malarial intensity has had upon the degree 
of splenomegaly in those showing splenomegaly, we must arrive 
at this by sufficiently accurate measurement of the enlarged spleens 
and take the average of these only- i.e., the average enlarged 
spleen. If we use an average determined on the whole community -
i.e., the average spleen- then we do not arrive at a measure of the 
effect of the intensity of malaria on the spleen size, but at a datum 
which may be influenced by this, but which is to a probably much 
greater extent influenced by the proportion of negative persons 
(i.e., children in the case of our analogy), which is really a separate 
effect produced by the malaria. Naturally, this second form of 
average shows much greater variation and, if we do not mind which 
special effect of malaria we are measuring, it may suit our purpose 
very well. But it is actually less informative than if we kept our 
effects separate and gave in our hypothetical community the average 
stature of the adults and also the number of children. This illustra
tion, if not too tedious, may be helpful in appreciating some of the 
points in connection with indices of spleen size which are dealt 
with in Section IT, 5 (c). 

(b) Spleen rate. 

The spleen rate may be defined as the percentage of children 
aged 2-9 (or other age group suited to local conditions) showing 
palpable 59 enlargement of the spleen. 60 A similar proportion in 
adults is the adult spleen rate. The spleen rate may also be determined 
for any desired age group- e.g., spleen rate 10-14. The spleen 

•• The term palpable, it should be noted, is here used in a different 
sense from " palpable " as a class of enlarged spleen referred to later- i.e., 
in the latter case, a spleen which can be felt but which does not project 
beyond the costal margin. 

•• See footnote ••. 
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rate is an extremely valuable measure of endemic malaria, not 
being so liable as the parasite rate to rapid changes with season 
and particularly valuable because determinable with so little expen
diture of labour. The adult spleen rate is also important, especially 
in relation to the spleen rate. 

The need for certain conventions in taking the spleen rate to 
give as much uniformity as possible ·in the results has been generally 
recognised. It is doubtful, ·however, in view of the varied con
ditions in different countries and the variety of methods in use 
by different competent observers, whether a rigid standard in 
this respect can be usefully laid down. The particular technique 
and conventions employed by an observer should, however, desi1·ably 
always be statecl. The following are the two chief standard methods 
in usc: 

(1) Examination carried out with the child standing.61 

Spleens which can be felt, but which do not extend beyond the 
costal margin are recorded as " palpable " or as + (see under 
classes of spleen). 

(2) Examination caiTied out with the child lying down and 
the abdomen exposed as in the clinical examination of a case. 
Spleens are recorded as " palpable " when they do not extend 
beyond the costal margin and as " palpable on deep inspiration " 
when they can be felt only under these conditions. The latter 
class of spleens are very generally referred to asP. I. spleens. 

In both methods, various devices are used by observers to ensure 
relaxation of the abdomen (child told to look upwards, child gently 
pushed backwards against a wall, child made to draw the knees 
up in the recumbent position, etc.) 

The results obtained in the two methods do not apparently 
differ greatly except that in certain circumstances there may be 
a large P. I. spleen class in the second method,- which possibly 

01 Schiiffner prefers a sitting position to a standing one, the muscles 
being at their greatest relaxation at the moment of sitting down. He does 
not consider " deep inspiration " special to the s~cond method . but one 
necessary for every palpation and one which makes it easier to lind the 
spleen quickly. See also remarks in the text on other devices to ensure 
relaxation, etc. 
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might not all have been recorded by use of the first method.62 

Where malaria is transitory or treatment has been extensively 
carried out, the P. I. spleens may even form the majority of the 
enlarged spleens detected. In such cases, the spleen rate as determined 
by the two methods is not comparable without an accompanying 
statement of sizes of spleen. 

It is generally agreed that percussion as a means of recording 
enlargement is undesirable. If used, the results should be recorded 
so that the relation to other methods is apparent. 

Certain requirements should be met : 

(1) Those examined should be of some agreed-upon age suitable 
to the conditions in the particular country (usually 2-9 age 
group). 

(2) The number examined should be reasonably large. For 
moderate or high spleen rates, 50 children (often all that are 
available in a small village) or better 100 is such a· reasonable 
number. 

(3) If school-children are utilised, they should be recorded 
as school-chil~en (see remarks on use of school-children in 
Section II, 5 (a)). 

There has been some discussion as to whether the term should 
be " spleen rate " or " spleen index ". On the basis of definitions 
already given, it is clear that it would come under the definition 
of a rate.63 The name "spleen rate" has been in use for a long 
time and to change it to " spleen index " on the grounds that it 
may not accurately record all enlargements would appeal' to be 
giving a refinement of meaning to the term, which is unnecessary. 

"Dr. Paul Russell and others (Russell, Menon and Rao, J. Mal. Inst. 
of India, 1938, 1, 293) note that, in their experience, enlarged spleens as a 
general rule do not come lower by gravity when the subject stands. 
They do not " sag" but tend to be lifted higher, presumably by their 
anatomical attachments. This has been confirmed by Dr. Sweet (private 
communication), who notes that there may be a difference of 0.5 em. 
in the apex umbilicus measurement and in a few cases a spleen not 
felt when the child stands becomes P. I. (palpable on deep inspiration) 
when the child is lying down. Sinton, however, has observed that very 
large spleens in adults may descend considerably on standing (private 
communication). See, however, footnote •• •. 

"' See Section II, 2, also remarks on splenomegaly in children in 
Section II, 5 {a). 
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(c) Size of spleen. 

For recording the size of the spleen, various methods arc in 
USC>

63 0 

(1) The degree of enlargement is given in fingel'breadths pro
jection beyond the costal margin. In India, the usual notation 
has been to record sizes as " palpable " 64 (not given a value in 
determining the average enlarged spleen) and in· seven further 
classes- viz., 1, 2, 3, and 4 fingerbreadths, handsbreadth (5), 
to umbilicus (6) and beyond umbilicus (7). Sergent in .Algeria uses 
the same notation in general, but includes " palpable " spleens 
under 1 and spleens of a greater size than a handsbreadth as 6. 
The figures in both cases indicate the weighting which is used 
in obtaining the mean (average). Spleens that cannot.be felt are 
recorded as negative (0). The mean of such valuations is therefore 
some value in fingerbreadths between the respective extremes 
in either case. A fingerbreadth is roughly about 2 ems. If mnltiplied 
by 2, therefore, the mean in fingerbreadths very closely approximates 
to a mean obtained by measuring the projection in ems. 

(2) The spleen projection is determined by subdividing the 
abdominal area to the left of the mid-line into a given numberof 
equal intervals by lines roughly parallel to the costal margin and 
recording by number the space in which the apex of the spleen 65 

is found to lie on palpation. Schiiffner, who proposed this method, 
divided the area from the left costal margin to the right groin into 
eight divisions, one to four above, and five to eight below, the line 
through the umbilicus. Hackett and 1\Iissiroli record three sizes 
above and two below a line drawn horizontally through the umbilicus, 
P. or P.D.I. spleens being included in class 1 and the other classes 

03 
• It should not be forgotten that it is the child spleen here being 

considered. }!easurements of the size of the adult spleen can be carried 
out as, for example, has been done by Covell, but this is a different proposi
tion entirely and considerations based on conditions in the adult have 
no relation to those here dealt with. 

" The class " palpable " includes any spleen which can be felt, but 
which does not project beyond the costal margin. This is equivalent to 
Schiiffner's + class, which carries no weighting though included among 
positive spleens. See subsequent remarl's on recommended classes. 

•• The apex is the most prominent part of the projecting spleen. 
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weighted according to their numbers. Boyd uses only two groups 
from the costal margin to the umbilicus and one beyond. The 
figures as given are used in weighting to obtain a mean or average 
value, which is one proportionate to the abdominal measurements 
used. 

{3) The apex is located by a touch of the finger and marked 
with a spot from a grease pencil. Either the distance of this spot 
from the costal margin {C.M., or costal margin measurement) 
or its distance from the umbilicus {A.U., or apex-umbilicus measure
ment) is then measured to the nearest centimetre with a short 
length of tailor's tape. The mean of the measurements gives the 
mean projection in ems. Usually the A.U. measurement is adopted, 
the mean value obtained usually lying between 6-8 ems., but 
the C.M. measurement can be used if preferred. As the distance 
from the costal margin to the umbilicus in the average child is 
13 cms.,06 subtraction of the mean A.U. measurement from this 
figure gives the mean C.M. measuremen~.ooa 

Since the distance from the costal margin to the umbilicus 
in the mean child is about 13 ems., it is possible to express the values 
obtained by proportionate measurements also approximately in 
ems. if desired. Thus values in the case where four equal divisions 
are used between the costal margin and the umbilicus, if multiplied 
by 13/4 or approximately 3, will be approximately in ems. It has 
previously been noted that· fingerbreadths multiplied by 2 would 
give measurements {or a mean) in ems. Such considerations will 
show that, in spite of seemingly very different methods being in 
use, the fundamental process is the same in every case- viz., the 
measurement of the projection of the spleen in val'ious units-the 
units in the three methods descl'ibed {fi.ngerbreadths, proportionate 
units and ems.) being respectively of about the order of 2, 3 and 1, 

" An average obtained by Christophers and Khazan Chand for Indian 
children as examined in the field : average age 6.4 years; average sitting 
height 60 ems. ; nipple umbilicus measurement 21 ems. ; costaZ margin 
to umbiU.eus 13 ems. For these studies, see I'lldian JZ. N.ed. Re~ •• 1924, 
11, 1065. 

•• • A full description of the method, which has been exteusively used 
in India in researches on. splenomegaly, will be found in " How to do a 
Malaria Survey", Govt. of India Health Bull~tin No. 14, 3rd Ed., 1936. 
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and being roughly convertible on multiplication by these factors 
into cms.67 

Method No. 1 has the advantage of extreme simplicity of working 
in the field and the results given are by no means to be despised. 69 

Method No. 2, and especially Schiiffner's method, is perhaps most 
widely used and has the advantage of giving a proportionate rather 
than an absolute value, thus allowing for variations in size of child. 
Method No. 3 has the advantage of providing very .suitable data 
for accurate a.nalysis, and, if used with a sufficient number of children, 
gives values independent of size of child, or can be used with a 
correction factor for this purpose. 

A true a vcrage enlarged spleen- i.e., the average weight, 
volume, or even length- cannot, except rather hypothetically, 
be aiTived at with existing data. Ross's original estimates were 
that small, medium and large spleens were respectively three, six 
and nine times the volume of the normal, by which figures the 
different sizes were multiplied in arriving at the mean or average 
enlarged spleen. This, however, is an entirely arbitrary weighting 
and the result would be greatly dependent on the actual estimates 
made. Christophers studied the correlation of various degrees of 
enlargement as seen in children and, by means of studying models 
and post-morte11~ material, gave estimates which enabled a nearer 
approach to be made to· tlie true value. Such efforts to arrive at 
the real value of the average enlarged spleen must be considered 
as awaiting further intensive research before they can be satis
factorily applied to the problem. For the present, what is employed 
is the mean of the different degrees of projection of the organ in a 

•• What is really being measured is the mean position in the abdomen 
of the apex of the enlarged spleen, this position being always in terms 
of the measurement units used. This is why the divisions in any scale 
used should at least be equal, otherwise any mean figure obtained would 
be almost meaningless. It is also desirable that the classes should be started 
at 0 (normal spleen, or spleens at the costal margin) :md with further classes 
at I, 2, 3, etc., of whatever units be employed. Some trial calculations will 
very quickly demonstrate the simple relationships which hold if these 
requirements be met. 

•• The method, for example, is that in use in Algeria, and the writer 
would regard it as the most expeditious and useful of all methods where 
results for practical purposes in the field were required. 
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community as measured by one or other of the methods already 
indicated. 

Ross (1910) recognised two values, viz. : (1) the average spleen 
or the mean enlargement of the organ considering the whole com7 

munity (i.e., i.Iicluding those negative to examination), and (2) the 
average enlarged sple811 or the mean size of only those spleens which 
are found enlarged. Though the means here were intended to apply 
to the volume of the spleen, the same terms are applicable to measure
ment of projection. The respective significance of these two forms 
of average has been already discussed in Section II, 5 (a). 

When the children of suitable age in a community have been 
examined and the sizes of the spleen recorded, either of the averages 
~an be readily arrived at as shown in the illustrative calculation 
given below. · 

Class of Weightage Number of Number of children 
children multiplied by the spleen for class in class weightage 

0 0 40 0 
1 1 14 14 
2 2 34 68 
3 3 10 30 
4 4 2 8 

Total . 100 120 
Total positive 60 

.Average enlarged spleen (.A) = 120/60 2.0 

.Average spleen (.A') = 120/100 = 1.2 

It will be evident that any such figures given by a particular 
author as relating to the average spleen, average enlarged spleen 
or splenometric index, etc., are entirely dependent on and relative 
to the units of measurement employed by this author and are not 
to be taken as equivalent to figures obtained by another author 
which may relate to units of measurement of quite different value. 
This is unfortunate, but appears to be unavoidable. .All that can be 
done is to appreciate that such figures do relate to a particular 
author's units of measurement and, as explained previously in the 
text, to make such allowance as is possible based on what these 
units may be. It will be clear how important it is to state precisely 
what units are used in arriving at such data. 
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As ah·eady noted, there are in relation to splenomegaly two 
fundamental values of quite different character concerned, viz. : 
the proportion of spleens enlarged, S, and the extent to which on 
the average they are enlarged, A. Any other indices than these 
can be regarded as variously compounded from S and A, thus .....,. 

Spleen rate = S 
A vcrage enlarged spleen = A 

.Average spleen 

Splcnomctric index 69 

s 
=A X 100 
=.A X S 

The two values, A and .A', are actually very simply related, 
• < I A s d A A' 100 smce """ = X lOO an = X s· .A can therefore be 

readily deduced from A' and vice versa, provided S (the spleen rate) 
is also given.70 

In regard to the choice of classes, there are obvious advantages 
in recognising a class weighted as 0 to include negative spleens. 
Spleens that are palpable but do not project beyond the costal 
margin must obviously be recorded as a class, since they enter into 
the calculations by increasing the number of persons with enlarged 
spleen; It would appear desirable, however, for obvious reasons, 
that these also should be given a weightage value of 0. For such 
spleens, Sehiiffner suggests the designation + (counted as positive, 
but weighted 0), followed by classes 1, 2, 3 etc. of his subdivisions, 
which are weighted the same value as the classes. The Malaria 
Survey of India (using measurement in ems.) employs a class 0 for 
negative spleens and a class " palpable " (weighted as 0, but included 
in the number of enlarged spleens) where an enlarged spleen does 
not project beyond the costal border, the projection of other spleens 
being weighted according to their em. measurement. Whatever 
may be the basis used in arriving .at the clal!ses, there would seem 
tp be considerable advantages in using the following designation 

•• See Section II, 6, Indices of Endemicity. 
•• Similarly, the splenometric index (AxS) as used by some authors 

is readily determined from A or A', always provided the spleen rate, S, 
is given. 
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of classes and weightings, it being desirable that the measurement 
used as units be of equal length (see note 67). 71 

Class Weighting Type of spleen 

0 0 Negative. 

+ 0 Palpable but not extending 
beyond the costal border. 

1 1 Enlarged 1 unit beyond cos-
tal border. 

2 2 Enlarged 2 units beyond cos-
tal border. 

etc. 

The bra.ckets show the classes included respectively in the two 
means. 

In regard to the .choice of method of measurement employed 
and the average selected for use, remarks in Section II, 5 (a) and 
in Section II, 6 may with advantage be noted. 

Provided the units used are of equal length, this fixes a point 
on the abdomen representing the actual average projection beyond 
the costal margin. 

Some authors prefer, however, to weight class 1 spleens as 1 
since otherwise this class does not influence the result. In tropical 
countries, the number of such spleens is usually relative~y small 
and the weighting given to them usually has little effect on the 
result. Where, however, low spleen rates are being dealt with, the 
proportion of P. or P.D.I. spleens may be large and, if these are 
not weighted, anomalous results will be obtained. 

(d) Frequency distrib1ttion of classes of enlarged spleen. 

Data giving the number of enlarged spleens of different measm·e
ments can be studied from the point of view of frequency distribtt· 

" Some malariologists use a. weighting of I for normal spleens and 
one of 2, 3, 4, etc., for the classes of positive spleen. This, however, 
introduces a. complication in that the simple relationships referred to in 
the text no longer hold. In this case, however, a value for the average 
enlarged spleen so arrived at can be converted into A as described in the 
text by subtracting I from the final result. It would seem desirable that the 
simpler system of weighting be used. This has the additional advantage 
that A is then quite simply the average projection of the enlarged spleens 
and .A plotted on the measurement line on the abdomen gives the posi· 
tion of the mean projection. 
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tion of the classes. Such frequency distribution, unlike the parasite 
infection frequency, is well displayed in frequency curves of the 
usual type. The curve given is .a very valuable·aid to the study 
of splenomegaly in mala1;ia, . since the frequency distribution of 

. different classes of spleen is the fundamental phenomenon on which 
such values as the average enlarged spleen are dependent. 

Sub-section 6.- Indices of Endemicity. 

(a) The pamsite rate as index of endemicity. 

Under the term endemic index, the parasite rate for children 
2-10 was used by Stephens and Christophers, 1902, for purposes of 
comparing and mapping endemic malaria. Though extensively 
used, it has been found more and more convenient in practice to 
use the spleen rate for this purpose. It is undesirable, therefore, 
to have a term " endemic index " which is distinct from the measure 
most usually adopted in measuring endemicity- viz., the spleen 
rate. It is also liable to be confused with the " endemic index of 
Ross," which is of a different nature (Section II, 6 (f)). For these 
reasons, the use of the term endemic index is best discontinued. 

(b) The spleen mtc as index of endemicity. 

In practice, the spleen rate has been more widely used in 
measuring and mapping malaria than any other method (see under 
endemicity, Section II, 1). Where malaria is static, the spleen 
rate obviously gives a remarkably good measure of the degree 
of infection immunity or premunition in any given community. 
It has the advantage over the parasite rate of being easily and 
rapidly ascertained. It has the further advantage of being less 
liable to violent fluctuations than the parasite rote. Even in epidemic 
conditions, the spleen rate affords an immediate indication of the 
prevalence of infection. Whilst no single figure can be expected 
to express all the detailed phenomena of malaria prevalence and 
intensity, the spleen rate appears to give, in a broad and general 
sense, the best measure of the " malariousncss " of a place or com· 
munity. It is from this point of view a priceless asset to the mala· 
riologist and worthy of the closest study, not only in relation to 
its use as a practical means of measurement, but also as a pheno· 
menon regarding the exact nature and significance of which we 
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cannot have too detailed knowledge. The spleen rate might therefore 
well have been used as an agreed-upon index of endemicity and 
named the endemic index. This, however, would now callse con
fusion and it is on this account undesi:i:able to give it this name, 
though in actual practice it is the usual datum line to which malaria 
phenomena in communities are referred. The definitions, methods 
of ascertaining and usage of the different values connected "ith 
the spleen rate and theh· terminology have b~en given in a previous 
sub-section and need not be further dealt with. 

(c) Splenometric index ancZ avemge spleen. 

The sple1wmetric index is a single-figure index (spleen rate X average 
enlarged spleen) designed to include degree of splenomegaly as well 
as the spleen rate. This term was proposed by Parrot and is in extensive 
use in .Algeria. The splenometric index is the average spleen of Indian 
a.uthors {except that this is expressed as the latter value multiplied by 
100) (see under size of spleen, Section II, 5 (c)). The nature of these 
indices has already been referred to and no further remarks are 
necessary beyond saying that they have the advantages and 
disadvantages of any composite index and therefore that it is 
desirable always to give also the spleen rate to which they relate 
to enable their exact nature to be elucidated if necessary. 

(d) .. A.:vemge enlarged spleen. 

Where malaria is static (i.e., the most usual condition in tropical 
communities) 72 it appears to produce in those infected on the 
average a certain relatively fixed degree of splenomegaly. This 
mean splenomegaly in children 2-9, average enla1·ged spleen, has 
been found by careful researches in India to be usually much the 
same where the malaria incidence is low- i.e., where splenomegalio 
individuals form a small proportion only of a non-infected com
munity- as in conditions where the whole community is heavily 
infected. This same mean splenomegaly in children is characteristic 
also of single infected families (small malarial foci) among a sur-

71 By " statio " malaria is not meant that there is no variation at all 
in the spleen rate, which commonly does vary to some degree even in the .. 
most intensely infected villages, but that a more or less constant endemicity 
is present, as against conditions where malaria is freshly introduced, or is 
dying out as tho result of a long period of cessation of infection or effect. 
of mass treatment. 
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rounding non-infected community. A moderate increase, however, 
occurs when the spleen rate of the community exceeds about 80%. 
Reduction below this more or less fixed value can, however, occur 
-e.g., in :p:urope or elsewhere when different recovery conditions 
in the host, shortness of the malaria season, mass treatment or other · 
factors bring about such a result. A reduction in the average enlarged 
spleen is therefore a significant fact, over and above the fact Of 
reduction in the spleen rate, which may have value in judging 
of the malarial conditions relative to a community. This ·average 
value naturally falls with fall in the spleen rate when expressed 
as a mea.n for the whole community- i.e., as the average spleen. 

(e) .Malal"ia 1·ate of Ross (1910). 

This is the number of actually infected persons (infantile, child 
or adult) expressed as a percentage. It is not directly ascertainable 
and can only be deduced or estimated from such information as 
the parasite rate and/or spleen rate, etc. The term is undesirable 
since it is ambiguous and, apart from this, suggests morbidity 
·rate rather than the meaniD,g actually intended, for which true 

. infection 1·ate (see note 39, Section II, 4 (a)) would seem to be pre
ferable. Whilst it is not impossible that the actual number of infected 
persons might be ascertained (sec parasite asymptote, Macdonald's 
index, as also possibly by a serum reaction), each method of arriving 
at the result is likely to have a somewhat different value. Renee 
it would usually be desiJ:able to give the actual nature of the value 
al!certained. 

(f) Endemic index of Ross (1910) •72 • 

This was ·defined by Ross as the number of children 2-10 show
ing evidence of malaria either by presence of parasites or by spleen 
enlargement or both. Its determination requires the recording 
Of the condition for each child separately SO that four groups can 
be formed, viz., P, PS, S and 0, where P indicates presence of 
parasites, S enlargement of the spleen and 0 neither condition 
present. Whilst possibly giving a nearer approach to the true 

72 • This is not the "index of Ros8 " of Brumpt, which is tho n.vorage 
enlarged· spleen- i.e., a. mean obtained by weighting the number of 
different categories of spleens by their category number (e.g., I, II, III, 
IV, etc.). Also termed "indice splOnique moyen " by Brumpt. 
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infection rate, the method is dependent on the same limitations 
as are inherent in the parasite rate or spleen rate, in that it does 
not neeessarily indicate the number accurately. Apart from other 
considerations, " endemic index " cannot now be us.ed without 
being liable to cause confusion. 

(g) Macdonald's index. 

Making the assumption that all children showing enlargement 
of the spleen are almost certainly infected, whether shown to be 
so by ordinary blood examination or not, Macdonald has determined 
the proportion of children under different conditions who show 
parasites when enlargement of the spleen is present. If now micro
scopic examination shows only about 60% of the actual infections, 
the number of infections found in children who do not show enlarge
ment of the spleen would presumably also 73 be only this proportion 
of the real number of those infected. To arrive, therefore, at the 
number of children among those without enlarged spleen who are 
really infected, it would be necessary to multiply the number 

found infected by ~~0. In general terms this becomes 
1~0 (Macdonald's 

factor) where a; is the percentage of those with enlargement of the 
spleen showing parasites. 

If the parasite rate (as relating to the whole community) in 
those with splenic enlargement be p1 and in those without splenic 
enlargement be p2, then P, the actual infected rate (true infection 
rate of Macdonald), will be given by 

100 100 
P = P1 X - + P2 X -a; a; 

but p1 and p2 together make the actual rate, p, as found by micro
scopic examination, thus the true infection rate, P, is given by 

p = (p
1 
+ p

2
) 100 = p 100 

a; a; 

The value p1 was found to be very constant in all communities, 
but p2 varied. Further, the variation in p2 bore a direct relation 
to .the spleen rate. 

70 Actually it is not certain that the factor would necessarily be the 
same in both cases, since, especially with the higher spleen sizes, there 
is a reduced likelihood for parasites to be found when splenomegaly is 
pre!!ent. -
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It may be noted that these results tend to give additional sup
port to the spleen rate as a measure of endemicity, for it can readily 
be seen that, if all those with enlargement of the spleen are in the 
first place infected- and there is a further additional value to be 
added representing children without splenic enlargement but yet 
infected and this additional amount is also directly proportionate 
to the spleen rate - then the true infection rate can be expressed 
as a functional derivation of the spleen rate. 

(h) Average new-born infection period. 

This index, suggested by Daniels, is the average time before 
infection becomes evident in infants, dating from the time of birth. 
An important objection to the index is that infants commonly 
remain largely uninfected until the onset of the fever season, when 
most of them may show infection. Conversely, the months in which 
the new-born to the greatest extent contract infection has been used 
(Strickland) to ascertain the period of greatest liability to infection 
in a community. 

(i) Infantile parasite rate. 

The parasite rate in children age group 0 determined at the 
end of the epidemic season has been shown to have ·value as an 
index of liability to contract infection in a given locality ; it is 
termed transmission indw by Barber, Rice and Mandekos, 1936. 
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SECTION III 

TERMS .APPLIED TO THE VECTOR 

Sub-section 1.- The Name Anopheles. 

Some hesitation is often felt as to whether to write Anop11eles, 
" .Anopheles ", .Anopheles or anopheles. A good working rule adopted 
by some authors is to employ the first- i.e., Anopheles- only when 
giving a definite zoological value to the name, and to use anopheles 7" 

whenever it is merely a more or less colloquial designation. This 
does away with the necessity of using .Anophelines or .Anopheles 
mosquitoes, anopheles being used in both cases. 

Sub-section 2.- Species and Varieties of Anopheles. 

About 200 species of anopheles are known forming the tribe 
AnopheZini, one of three tribes into which the subfamily Culieinae 
(or true mosquitoes) of the family CULICIDAE is divided.74 a All 
but a very few rare forms of tlie tribe are, however, included in the 
genus Anopheles, of which four subgenera are 1·ecognised (Stethomyia, 
Anop7teles, :Nyssorhynchus and Myzomyia).75 

"According to Senior White, Nature uses .Anopheles, capitalised and 
italicised, only when the species is also given. If used alone it is capitalised 
only. Covell and some other authors use the uncapitalised form as recom
mended in the text. Being ·in this form, anopheles is used like mosquito 
as a name with which everyone is supposed to be familiar. 

, .. See Edwards: "Genera Insectorum, Diptera, Fam. Culicidae", 
1931. This work gives a complete systematic account and provides the sim
plest source from which current correct names of species and status of 
varieties, etc., up to 1931 may be obtained. 

,. The first-mentioned includes only a few rare and localised forms, 
leaving the great majority of species in the three remaining subgenera. 
In the Old World there are only two of the subgenera, .A.tlopltelos and 
Myzomyia, Nyssorltynclms being restricted to South and Central America. 

For later works dealing with Indian and African anopheles respectively, 
see ~ri?'fiophers : "The Anopheline Fauna of British India ", 1933, 
Taylor 'and Francis, London ; Evans: "Anophelines of the Ethiopian 
Region", British ~fuseuru, 1938; and G. Senevet : "Les Anopheles de la 
France et de ses colonies", 1935, Lechevalier, Paris. 
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It is usual, at least once in any communication, to accord to 
any specil'\s dealt with its full zoological nomenclature (see also 
under malaria pa.rasites, Section I, 2) and in such formal designa
tion to give the subgenus in brackets- e.g., A. ( Myzomyia) 
jeyporiensis James, 1902. 

In addition, named forms of subspecific rank are recognised 
in the case of certain species. These have the character of species 
in that they are identifiable by small but definable morphological 
differences (which may often be differences in ornamentation of a 
stable character) and possess distinctive zoogeographical dis
tributions, but are either so nearly related to the species to which 
they are allocated as not to merit the status of species, or are for 
certain reasons conveniently maintained as a group of subspecies 
rather than so many distinct species. Such subspecific forms are 
accorded the rank of s1,bspecics or variety and in nomenclature are 
distinguished by a third or trinomial name having the general 
facies of a specific name and placed (in italics with small initial letter) 
following the specific name, either consecutive to this or preceded 
by subsp. or var. as the case might be. Which particular designa
tion is employed depends chiefly upon the custom in respect to 
the zoological group concerned. Since throughout the Oulicidae 
systematists employ " variety " and add the varietal name follow
ing var. written in roman type without comma, this is the correct 
procedure in regard to the nomenclature of subspecific forms accorded 
a name in the Anophelini - e.g., A. jeyporiensis var. candidiensis 
Koidzumi, 1924. . 

· When such forms, as frequently happens, are eventually con
sidered to be distinct species, they take the varietal name as their 
specific name- e.g., A. jeyporiensis var. moghulensis becomes 
A. moghulen.sis. In this case the describer's name is that of the namer 
of the variety. 

Where forms differ merely by what is suspected or known to 
be individual, seasonal or other variation not of a permanent 
evolutionary character, the name variant (Christophers) has been 
proposed. Most of such forms are covered by the terms mela1~ism 
(general increase of areas of pigmentation), hypomelan.ism (decrease 
in areas of pigmentation with extension of pale markings), or pigment 
anomalies (irregular, often freakish, effects). 
· The term race has been very frequently used in recent malaria 

5 
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literature in connection with the forms of .A. maculipcnnis. Race 
is usually employed in genetic and other studies to indicate sub
specific differentiation not amounting to an actual definable 
morphological distinction. It has something of the character of 
subspecies or variety, but, whereas the essence of the latter dis
tinction is morphological, the distinctions upon which races are 
based are usually genetic.76 It is generally agreed, however, 76 that 
the forms of .A. maculipcmtis, though commonly referred to as 
" races " of .A. maculipcnnis, have in general the character of 
species -i.e., though the adult forms are with difficulty <lis
tinguished by morphological or ornamental characters, the egg, 
at least, is sufficiently distinct to differentiate the forms in this 

n The following notes, kindly furnished to the Sub-Committee by 
Dr. Marston Bates, are of interest in this connection : 

Definitions of categories of naturaZ popztZations. 
"Biotype, du Rietz 1930: 'A biotype is a population consisting of 

individuals with identical genotypical constitution.' This is the same 
concept to which Lotsy (1916) tried to restrict the name species: 'to 
designate a group of individuals of identical constitution, unable to form 
more than one kind of gametes; all monogametic individuals of identical 
constitution consequently belong to one species.' 

"The term biotype was apparently originated by Johannsen in 
1909, but I do not seem to have the exact reference. It has been most 
used by the botanists. Du Rietz himself says that it seems unlikely 
that there is such a thing as a biotype in nature, but he uses the term 
in building up definitions of otlter categories, and seems to find the 
concept very uscfnl. Thus Robson and Richards refer (page 64) to 

· the ' difierentation of populations into a large number of intcrcrossing 
biotypes.' The biotype is thus the natural equivalent of the laboratory 
pure line, and I find in Robson (page 27) the term used quite clearly 
in this sense- ' . . . the individuals representing which very often 
live together and interbreed, but are capable of being bred-out into 
distinct stocks (biotypes) '. 

"Subspecies, du Rietz, 1930 : 'A subspecies is a population of several 
biotypes forming a more or less distinct regional facies of a species.' 

"Species, du Rietz, 1930: 'The smallest natural populations per
manently separated from each other by a distinct discontinuity in the 
series of biotypes are called species. A species is thus a population 
consisting either of one strictly asexual and vital biotype, or of a group 
of practically indistinguishable, strictly asexual and vital biotypes, or 
of many sexually propagating biotypes· forming a syngameon separated 
from all others by more or less complete sexual isolation or by compu
ratively small transitional populations.' " 
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stage and they possess distinctive zoogeographical distributions 77 
and have been shown in a number of ca~es to be incapable of cross
breeding.78 It has to be remembeJ;ed also that, not infrequently, 
va.rieties or even species of anopheles are only t.o be differentiated 
because they show markings. A. maculipcnnis, being a dark, obscurely 
coloured form, has no such markings to give help in this direction . 
.Also there are certa.in small differences, which though not very 
satisfactory for practical purposes, seem to indicate real differences 
-e.g., the hypopygeal characters. In general, therefore, the status 
of the forms appears to be not unlike that of other (named) varieties 
of anopheles, some of which are possibly distinct species, and it is 
undesirable that the nomenclature of these forms of A. maculipennia 
should not. conform to that in general use in the group. In this 
case they are to be regarded neither as " races " nor M " biotypes " 
but, at least provisionally, as "varieties " used in the accepted 
sense of subspecies. Such considerations, however, apply only 
where. the usual criteria of varietal rank are reasonably employed. 
l\'Iost of the recognised varieties at present conform to such criteria, 
but it does not follow that every variation shown, for example, 
by eggs is necessarily an indication of good varietal status. 

If this view be accepted, the forms of A. maculipennis would 
be designated, as are other varietal forms, by the name of the variety 
followed by the describer's name- e.g., A. maculipennis var. atro
parvua Van Thiel, 1927. It is usual in the case of anopheles varieties 
to retain the original species name without any varietal designa
tion so far M the type form of the species is concerned. In the 

77 Some of the distributional areas are as distinct as those of many 
species- e.g., var. labranchiac. In other cases, the distributional areas 
overlap or intermingle, but this is not in itself an objection, as the same 
phenomenon may be seen in the case of other quite well.accre<lited 
varieties. 

78 In the case of A. maculipcmtis, experiments by Swellengrobel and 
others have shown that some of the forms are sexually isolated in that 
cross fertilisation docs not produce olrspring. Certain habits which 
transcend mere details of behaviour, such as the onset of true hibernation 
under given conditions, the pairing or not in captivity, etc., also distinguish 
these forms and tend still further to establish a specific differentiation. 
It is desirable, however, in questions of nomenclature to adhere as far as 
possible to such morphological characters as can be used in the zoological 
treatment of the group. But further evidence based on genetic and other 
grounds naturally strengthens action taken in this respect. 
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case of .A. maculipennis, it is, however, in practice very convenient 
t~ be able .to designate the type form when this is intended and 
the use of typicus as a varietal name seems in these circumstances 
to be without objection.70 

Sub-section 3. - Stages of Growth and Development. 

(a) Metamorphosis. 

The stages of metamorphosis are : the egg (not ovum 80), lai'Va, 
pupa (active pupa, not nymph) 81 and imago (often termed aclult). 
The liberation of the larva from the egg is most commonly referred 
to as hatching. The castings of the successive larval skins are 
ecdyses, from which the larval stages are named, the first larval 
stage being that from hatching to the first ecdysis. It is a point of 
practical importance in detection of the stages that, whilst the body 
of the larva grows during the stage so that size in the same stage 
may be very different, the head remains unchanged and therefore 
a ready means of determining the stage. The fourth ecdysis, which 
determines the final or completed larval stage (fou1"th-stage lai'Va), 
results in pupation, this being followed in due course by emergence 
of the imago. Deposition of eggs by the female constitutes oviposition. 
The site chosen for oviposition and subsequent development of 
the larvm in nature is the breeding-place. 

Some terms used in connection with artificial rearing requh·e 
consideration. .A species stated to have been reared in c~ptivity 
may relate merely to the fact that larvm or eggs have been collected 
and subsequent emergence of the adults obtained; or may indicate 
that fertilisation has been brought about under experimental con
ditions with subsequent development. It is desirable to make 

•• The deoisiou as to which is the type form and which forms are actually 
valid varieties is a. matter of zoological systematics. It may be held that, 
as it is not known for certain which form Meigen actually described, the 
name bll8ilei given by Falleroni should be used in place of typicus. In 
present procedure, typiCUB, though used like the name of a variety, is pre
sumed to be Meigen's form and to antedate basilei. 

•• The ovum is correctly the sexual cell ; the egg consists of all tile 
elements of the follicle as well. 

11 Nymph is strictly applied to insect forms undergoing no marked 
changes in metamorphosis - i.6., ametabolous insects. · 



TERMINOLOGY IN liALARIA 199 

use of distinctive ,phraseology in the two cases and, whilst bred 

ottt in captivity might serve for the first case, reared in captivity 
might be reserved for the second. The eggs deposited by a female 
at any one oviposition (which may be examined or subsequently 
bred out for examination) are referred to as a· batch. 

(b) Gonotrophic cycle. 

Fertilisation is evidenced by packing of the spermatheca with 
spermatozoa, the proportion of fertilised females in nature being 
the fc1·tilisaUon ?'ate. .A blood meal is evidenced by the presence 
of blood in the midgut, unless this has been digested. .As the blood 
meal is digested, the ovaries in normal circumstances enlarge. A 
female containing blood in the gut is commonly referred to as a 
feil female, and one which has not fed on blood, or in which the 
blood had been completely digested, as an empty female. If the 
ovaries are perceptibly enlarged, the insect is designated a gravid 
female. 

Development of the ovaries is indicated by various stages of 
the follicles as under : 81 a 

Stage 1 - Ovum without marked granules. 
Stage 2 - Granules present to granules occupying half the 

follicle. 
Stage 3 - Granules occupy over half the follicle, which, 

however, is not elongated. 
Stage 4 - Follicle elongated or shape of mature egg,· but 

· superficial structures are not evident. 
Stage 5 - Egg fully formed and floats visible. 

Females which have not previously oviposited a.re said to be 
nulliparous (females) and those which have previously passed 
through one or more oviposition& ·multiparous (females). In the 
former, all five stages of development of the follicle are passed 
through, in the latter the first two stages are already passed through 
by the oncoming follicle before oviposition, the time o.f develop
ment required, as counted from one oviposition to another, being 
correspondingly shortened. In the case of multiparous females, 
an indication that they have previously oviposited is given by 

11 • For a detailed description of these stages, see "How to do a Malaria 
Survey", lao. cit., pages 59·73. 
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enlargement of the ovarian tube (Mer) and sometimes by a retained 
egg. 

The complete cycle from time of feeding to oviposition is the 
gonotrophic cycle, which may extend over a period of two, three 
or more days. Where the ovaries remain in an undeveloped state 
whilst the insect continues to take blood meals, the condition is 
described as gonotrophic dissociatim~ (Swellengrebel). 

(c) Age. 

Determination of the age of females, so far as this can be 
ascertained, is important. Stage 1 ovaries indicate a newly eme1·ged 
adult (24 hom·s or under). All other ovaa.ian stages indicate only 
some stage of a gonotrophic cycle, whether the first or a subsequent 
cycle being indeterminable, except as indicated by the condition 
of the oviducts or a retained egg undischarged at the last oviposi
tion, these being eYidence that at least one cycle has been passed 
through. 

An indication of age may also be given by the general condition 
of the insect. Perry's classes of females indicating relation of age 
to wing appearance are : 

Class 1 - Wing markings clear and fringe complete. 
Class 2 - Wing markings fairly clear, but fringe worn. 
Class 3 - Wings shabby and fringe much worn. 
Class 4 - Wings threadbare. 

Sub-section JJ..- Life History and Behaviour. 

(a) Breeding-places. 

The collections of water from which anopheles are derived are 
the breeding-places (in relation to any specified species). These 
may be temporary or permanent. Temporary breeding-places which 
are dry at the moment of inspection and likely breeding-places 
not actually showing larvre form potential breeding-places. The 
number of adults (per unit time, etc.) from breeding-places is the 
anopheles output. 

(b) Dispmion. 

The spread of anopheles from their breeding-places in search 
of food, etc., constitutes dispersion. Distance of dispe1·sion is the 
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mean or maximum distance, as the case may be, to which individuals 
disperse from their breeding-places.82 The distance which may 
be covered under some special conditions -e.g., preceding hiberna
tion -is long-distance dispersion. When anopheles reach their 
final destination by passing from house to house, or from shelter 
to shelter, in an unknown succession of steps, this is spoken of as 
infiltration (of an area). When anopheles are brought into an area 
by \'Cllicles, etc., this is dcscribe<l as passive clispersion or tmns
portation. \Vhen carried long distances by wind, the condition may 
be described as tvincl d·ispersion. 

(c) Feeding ancl t·esting habits. 

The source from which an anopheles obtains its blood meal is 
the host. The place where a blood meal is obtained is the feeding
place, and tl1e places where anopheles are found resting during 
the day are the cla11 resting-places. · 

The blood meal may be obtained from man or from ·cattle or 
other animals. The names anthropophilic (or androphilous 83), 

zoophilous and even neutropl1ilous have. been given to species or 
varieties of anopheles to indicate respectively a supposed preference 
to feed upon man, upon cattle, or upon both indiscriminately. Such 
names do not well represent the facts and are liable to give rise 
to misconception. Actually, the different varieties usually include 
among possible hosts a number of animal forms, which may include 
man, the order of preference for different hosts varying with the 
different varieties, host preference. The animal most preferred is 
the host of preclilectio.n. 

The proportion (ratio) of freshly fed anopheles giving a posi
tive precipitin reaction for human blood is the human blood ratio 
for the particula.r conditions in which the captures have been made. 
Such rat.io gives some indication of the degree of host relationship 
to man under the particular circumstances and is closely bound 

"Boyd uses "dispersion radius", but also "flight" or "length of 
flight ". Swellengrebel uses "range of flight ". "Flight range " is also 
in common use. It seems desirable to distinguish between the distance 
a mosquito can fly at a single effort, say flight range, from the total distance 
it may cover after many such flights, here given as " distance of dispersion". 

" Androphilons moans "loving a human beiug of tho male sex " and is 
less suitable than anthropophilic. 
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up with the extent to which particular species under given con
ditions act as vector species. The human blood ratio has also been 
termed the anth?'opophilic indw.83 a 

Where, owing to host preference, there is reduction in the number 
of anopheles feeding on man, due to attraction to cattle (or other 
domestic animals), this is referred to as deviation (animal). 

Day resting-places may be human habitations, houses, or places 
where animals are kept, stables (as a general covering term), or 
outlying unoccupied sheds, etc., shelters, or in banks, undergrowth, 
etc., natural shelters. 

The conditions of temperature and humidity in the immediate 
surrounding space in which a mosquito lives when resting or other
wise, as distinct from the temperature and humidity of the general 
atmosphere, constitute mieroclimates, such microclimates often 
differing greatly from that of the outer air or even of the room 
occupied. 

(d) Other habits and behaviour. 

In the ease of anopheles, as with most mosquitoes, oviposi
tion is dependent on a blood meal. Rarely, as in a certain species 
of Oulw, the necessary store of nutriment for the eggs is accumulated 
in the larval state, oviposition taking .place in the absence of any 
blood meal by the imago, autogenous races (Roubaud).84 

In some species or varieties, fertilisation of the female takes 
place without difficulty under experimental conditions in a limited 
space, in others it is necessary to have a large space or even facilities 
for swarming of the males. The two conditions have been termed 
by Roubaud, stenogamous and eurygam01UJ forms respectively. 

Certain species tide over the cold season or winter through 
resistance of the egg, larva or adult (wintering). When such resistance 
by the imago is associated with changes in the condition or behaviour 
of the imago, it is termed hibernation. When the female develops 
fat, adopts a characteristic attitude and ceases to feed and oviposit, 

80 
• Brumpt has suggested that the degree of anthropophilism could 

be indicated by the ratio of natural infection rate of a given species with 
a given PltUnwdium to the same rate under experimental conditions. To 
such a ratio he has applied the term " index casanier ". 

•• The ordinary condition in which a blood meal is necessary for ovipo~i
tion is termed by Roubaud anau!ogenous. 
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hibernation is said to be complete. In certain cases, the female, 
while ceasing to oviposit, remains more or less active and continues 
to take blood meals, pa1-tial hibetnation. Such a condition (gono
trophic dissociation) may occur before the actual onset of winter 
conditions.84 a 

When in resistance to a dry hot season special adaptation takes 
place, this is referred to as cestivatio1~. 85 

· The terms tropism and taxis are applied to various reflex urges 
such as might cause a mosquito to be attracted or repelled, to 
fly in a given direction, etc., but such conditions have been little 
studied in the mosquito and the terminology as to the correct 
usage of tropism and taxis and other terms employed is com-. 
plicated. 

Sub-section 5.- Tile Anopltclcs Community.86 

The total number of anopheles in a village and its immediate 
surroundings is the anopheles population. The number of anopheles 
per person, per room or per house is the anopheles density. 

Enumeration of the proportion of males and females, of nul
liparous and multiparous females, of females of different classes of 
ovarian development, of fed and empty females, of those unfertilised, 
etc., gives the anopheles population composition. The number of 
females entering the area nightly from outside is the nigl!tly influ.rc, 
and the number leaving for oviposition, etc., the nightly etfltt:J:. 
The number of newly hatched mosquitoes (stage 1 ovaries) entering 
the area is the nightly newcomm· influx. The redistribution of the 
anopheles population following various movements of the individual 
insects at night is the nigl!tly turnover. 

•• • Roubaud uses the term astho11obiosc for a condition of temporary 
biological abeyance resembling hibernation or restivation, but occurring 
independently of temperature or humidity as an immediate cause. Insects 
showing such a state in any stage of their developments are also termed 
hoterodynamous, as contrasted with l1omody?1amouJJ where no such state 
occurs. 

•• It has not been shown that, in the case of anopheles, actual modifica
tion of the life processes takes place in hot dry conditions, though some 
specialisation in habits may possibly occur under such conditions. 

•• All terms in this section should strictly be applicable· to the con
ditions for a particular species only, since there is no guarantee that all 
species present are in the same biological state or environment. 
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Where different species enter habitations, etc., at different 
times of the night, this has been termed crepus01tla1· s!tecession. 

Sub-section G. - Relation to Infection. 

(a) Stages of t11e parasite in the tnosql~ito. 

On entering the midgut, the gametocytcs, male and female, 
undergo respectively exflagellation and matumtion- i.e., the 
setting-free of the flagella. or microgametes and extrusion of polar 
bodies (!)and other changes by which the macrogametocyte becomes 
the macrogamete. On fertilisation, the macrogamate undergoes 
further changes, becoming the ookinete (travelling vennicule). The 
ookinete in turn, after passing through the gut 'vall, becomes the 
oocyst. Within the oocyst are developed the sporozoites. 

The term zygote (strictly all the products of sexual union) 
was formerly in use to designate the oocyst, but it is not now used 
in this sense, except often in inadvertence. Certain more or less 
apparently distinct subdivisions of the contents of the oocyst were 
formerly thought to be the sporoblasts. It is doubtful if this term 
is correct and in any case the subdivision is largely, if not entirely, 
apparent. It is also possible that the so-called sporozoites may not 
actually represent this stage aa understood in protozoological 
terminology, since they are suspected to undergo further sub
division in the human body and might thus represent sporoblasts. 

(b) Infectiol~ in the anopheles community. 

The percentage of female anopheles caught in nature showing 
sporozoites on dissection of the glands is the spo1·ozoite 1·ate. The 
percentage showing oocysts on dissection of the midgut is the 
oocyst rate. These rates should normally relate to some specified 
species. They should also be accompanied by information as to the 
source of captm·e- i.e., whether caught in houses or stables. In 
the case of small villages, uniform admixture of anopheles ma.y, 
however, usually be assumed. . 

The percentage of anopheles showing either sporozoites in the 
glands or oocysts in the midgut has been termed " index of natural 
infection ". It is doubtful if such an index: is· desirable owing to 
the ambiguous nature of the information which ma.y be given by 
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it. Thus the sporozoite rate is an index of the natural transmis
sible infection in the anopheles of 8. locality and the oocyst rate 
may give an indication of the infectiveness of the human com
munity, whereas the two taken together are less informative. The 
term " index of experimental infection " appears even less desirable, 
as experimental conditions differ so widely. 

The term " infective density " is applied by Gordon and Davy 
to the average number of female anopheles found with sporozoites 
in the glands per room per diem. The term relates to systematic 
research carried out over a considerable period in which the 
anopheles density and infective density were determined by house
to-house and room captures. These authors also apply the term 
" anopheline infective ratio " to the sporozoite rate expressed 
as a ratio. The term transmission rate is sometimes employed and 
defined as the number of infections inoculated per unit time per 
100 persons. All such terms, however, except sporozoite rate and 
oocyst rate ·(or the corresponding ratios), are at present more 
representative of efforts to clarify ideas regarding measurable 
aspects of malarial studies than of practicable applicability, and 
their satisfactory use still awaits the collection a·nd study of the 
necessary data. 

Sub-section 7. - Terms applied to i\Iethods of Control directed 
against the Vector. 

Certain terms have come into general use relating to mosq1,ito 
control or •mosquito control ·measures. These may be directed against 
(1) the aquatic stages, larval control or anti-larval measm·es, and 
(2) the adult mosquitoes, adult control or anti-imaginal ·measures. 

When control measures are specifically directed against some 
one or more species of anopheles known to be the most important 
vectors concerned in transmission of malaria in an area, they 
constitute species cont1·ol or species sanitation. 

Mosquito control may further be of a direct mechanical or 
toxic character, drainage, filling-in, pmia-grcening, screening, 
use of insecticides, etc., or indirect, aimed at bringing about effects 
which destroy or hinder the insects through change in their biolo
gical environment, etc. Methods of the last-mentioned type are 
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most appropriately termed naturalistic.81 Among naturalistic 
methods are those aimed at changing the conditions suitable for 
breeding by mechanical alteration in the nature of the breeding
places or the water in such breeding-places- e.g., draining, sluicing, 
shading or clearing, etc. - by methods bringing about pollution, 
by alte1·ing the salt contents as by letting in the sea and in other 
ways. They also include introduction of natu1·aZ enemies (predators 
or parasitic organisms), efforts to bring about deviation, zoop1·o
phylaxis, and efforts to reduce pullulation in the summer through 
operations directed against the insects in winter, off-season attack, 
tointer J,;illing. 

The following is the classification of mosquito control meal!ures 
recently proposed by Russell and Hackett (Third Intern. Congr. 
of Malaria at Amsterdam, 1938) : 

NATURAL : Restriction of anopheline breeding or contact· with man by 
natural environmental conditions. 

ARTIFICIAL : Restriction of anopheline breeding or contact with man 
through conscious human intervention : 

I. .Mechanical • 

II. To:~;ic ... 

.Against 
aquatic stages 

e.g. ditching. 

e.g. paris·greening. 

Against adults 

e.g. screening. 

e.g. insecticide sprays. 

17 The term " naturalistic " to cover such methods has been proposed by 
Williamson (1>ide Hackett, Russell, Scharff and Senior White, Third 
Intern. Congr. of llfalaria., 1938). The term "biological" is also used 
to express the idea of control through artificial interference with the normal 
favourable environment, but more usually refers to control through 
introduction of natural enemies. The study of plants and animals as they 
occur in communities in nature constitutes the science of <Ecology, but 
whilst the term c:ecological is that most usually applied to studies of this 
kind, the term naturalistic seems most appropriate as applied to .method.s 
of control working through changes in the biological environment • .As pointed 
out by Professor Pittaluga, the word " mesological " also occurs in the 
Oxford Dictionary in this connection. Introduced by Bertillon in 1883, 
its meaning does not seem to differ essentially from that of c:ecological 
and it has never come into general use. 
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Against 
Against adults aquatic stages 

III. N aturaZistic : 

(a) Chemical . (I) pollution of water. (I) creating repellent bar-
riers of odorous 
plants. 

(2) changing salt COD· (2) administering drugs 
. tent of water. like sulphur which 

cause odorous per-
spiration. 

(b) Physical . (I) natural fills, warp- (I) destruction of shelt-
iug, silting. ers, clearing. 

(2) sluicing. (2) creation of plant bar-
rier to flight. 

(3) flooding. (3) rendering bedrooms 
(4) fluctuating water or dwellings unat-

level. tractive as resting-
(5) intermittent drying. places. 
(6) agitating the sur-

face. 
(7) stagnating (ponding) 

or setting water 
in motion. 

(8) muddying. 
(9) shading or clearing. 

(10) drying or planting. 

(c) Biological. (I) natural enemies (I) introduction of natu-
(predators). ral enemies. 

(2) changing of flora and (2) deviation by animals. 
fauna. 

(3) off-season attack. ( 3) winter killing. 



Part II 

GLOSSARY* 

* Note.-- Names in capitals are suitable for employment. Those in 
small letters are less suitable or best disused. 

The Glossa.ry may also be used as an index to the Commentar.rf, the 
roman and arabic numerals and !otters at the end of the definitions giving 
respectively the section, sub.section, and any further subdivision in 
which the term is dealt with in the Ooll~mentaryf. 
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GLOSSARY 

ACQUIRED Il\Ii\IUNITY 
IJJIMUNITE ACQUISE 

ACTIVE (infection) 
ACTIYE (Infection) 

ADULT 
ADULTE 

JEsti\'o-uut umnul 
Estivo-automnalc ( Ficv1·c) 

See immunity. 

As contrasted with "latent ". See 
infection. I, 5. 

See age group, schizont, parasite rate, 
spleen rate, imago. 

Colloquial name for falciparum para
site or infection. I, 2. 

AGE GROUP A group composed of those individuals 
CATEGORIES D'AGES in a community between stated age. 

limits or of a stated age. The way in 
which age groups are noted differs according to the· authors, 
e.g.: 
Children in theh· 1st, 2nd, 3rd, 4th, 5th year . 0-4 or 0-5 

, , 6th, 7th, 8th, 9th, lOth year 5-9 or 6-10 
See II, 3. 

AGGREGATION OF 
LABOUR (l\IALARIA OF) 
PALUDISME 

A form of epidemic malaria commonly 
seen in large engineering works, plan- · 
tation labour, etc., in the tropics, in 
which admixture of non-immunes and DES CAMPS 
infected individuals and other favouring 

factors play a large role. Synonymous with so-called 
"malaria of opening-up of the soil". Usually referred to 
under the name ".tropical aggregation of labour", but is no~ 
confined to the tropics. II, 1. 

Ague 
Fievres 

ALL SPECIES 
INFECTION RATE 

INDICE TOTAL DES 
IllFEOTIONS SPEOI

FIQUES (liumaines) 

Obsolete name in England for ma
laria. I, 1. 

Number of infections found by micro
scopic examination per 100 persons in 
a community counting infections by 
each species of parasite separately ; 
may be over 100. " Infection rate " of 
Swellengrebel. Equivalent to the sum 

6 



212 TERMINOLOGY IN ~IALARI.A. 

of the species infection rates for those species found. See 
species infection rate. II, 4, (e). 

Amount (or malaria) 
Degre (de l'infection 

palustre) 

A.L~AUTOG&~OUS 

ANAUTOGENE 

Androphilic 
Androphile 

An indeterminate term ; see pre
valence, incidence, intensity. 

See autogenous. 

See anthropophilic. 

ANOPHELES 
ANOPHELE 

.Anopheles (Latin) : genus of tribes 
Anophelini ; anopheles : term applied 
to mosquitoes of the tribe Anophelini 

in a general way as the vector mosquito of malaria, etc. III, 1. 

ANOPHELES 
COMPOSITION 

COMPOSITION DE 
LA POPULATION 
ANOPHELIENNE 

A.L~OPHELES DENSITY 
DEN-SITE 

ANOPHELIENNE 

ANOPHELES 
POPULATION 

POPULATION 
ANOPHELIENNE 

The proportion of males and females, 
fertilised and unfertilised, nulliparous 
and multiparous females and females in 
different stages of the gonotrophic 
cycle, etc. m, 5. 

The number of anopheles per person, 
per room or per house as specified ; 
with less precision, the degree of pre
valence of anopheles in a locality or 
region. III, 5. 

The total number of anopheles in a 
village or area. Those leaving nightly 
for oviposition form the nightly efflux, 
new arrivals the nightly influx, and the 
number of newly hatched entrants the 

newcomer influx. Changes of distribution of the individual 
anopheles occurring nightly within the area constitute tho 
nightly turnover. See also : anopheles composition. III, 5. 

ANTHROPOPIDLIC 
ANTHROPOPHILE 

Applied to mosquitoes with a tendency 
to bite man. A relative term carrying 
often the erroneous implication that 

species exist with a special desire to feed on man. The true 
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condition is the existence of a scale of l!ost preference, q. v., 
which varies with the species and locality. The word andro
philic sometimes used is objectionable as it signifies loving a 
human being of the male sex. See also : zoophilic, anthropo
phllic index. m, 4, (c). 

Ai\'TIIROPOPIIILIC 
ll\'DEX 

INDIOE D'.ANTHROPO
TROPifHIE 

ARRAY 
SERlE ST.ATISTIQUE 

ASTHEi\'ODIOSIS 
(Roubaud) 

.ASTHENOBIOSE 

See human blood ratio. 

Statistical arrangement of numerical 
values in order of magnitude from which 
the median or the quartile values can be 
readily ascertained on inspection. II, 3. 

Condition of temporary biological 
abeyance in an arthropod resembling 
the usual effects of hlbernation or resti-
vation, but occurring independently of 

temperature or humi4ity as a direct cause. See also: hetero
dynamous. III, 4 (d). 

ATTACK (J\Ialarial) 
.ATTEINTE 

(de paluclisme) 

AUTOCHTONOUS 
(malaria) 

.A UTOOHTONE 
(Paludisme) 

The whole period of an acute phase 
of malaria. To be distinguished from 
paroxysm, q. v. See also : infection. I, 5. 

Malaria contracted locally or in a 
country. It may be indigenous when 
normal to the country, or introduced 
when derived from imported gameto
cyte carriers as in some parts of the 
United Kingdom a-fter the war. II, 1. 

AUTOGENOUS Applied to species or "races" of 
(mosquitoes) · mosquito which have the power to 

.AUTOGENE (Pouvoir) reproduce without feeding upon blood 
in the adult stage (Roubaud). Anauto

genous is the ordinary condition where the mosquito has 
not this power but requires a blood meal. m, 4, (d). 
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AVERAGE ENLARGED Mean projection in a community of 
SPLEEN the apex of the spleen where this organ 

RATE 
HYPERTROPHIEE 

MOYENNE 

is palpable- i.e., the mean is calculated 
with reference only to those individuals 
in whom the spleen is enlarged. To 
arrive at the value, the spleen is mea

sured in projection beyond the costal border (C.M. or 
costal margin m~asurement) or alternatively by distance 
of the apex ·from the umbilicus (.A.U. or. apex umbilicus 
measurement), the values so obtained added and this 
figure divided by the number of persons showing enlarge
ment. Synonym with " mean splenic index " of Brumpt, and 
also with "index of Ross" of Brumpt (not to be confused wi01 
the "endemic index" of Ross, q. v.). Symbol: .A. For further 
information, see under " size of spleen :• and full account 
given in the Commentary. See also : average spleen, size of 
spleen, splenometric index". II, 5, (a) and (c), also II, 6, (d). 

AVERAGE NEW-BORN 
INFECTION PERIOD 

MOMENT 
D'INJi'EOTION DES 

NOURRISSONS 

AVERAGE SPLEE.tV 
RATE MOYENNE 

Mean age (in months) at which para
sites are first found in the blood of young 
infants. The period gives a measure 
of the liability to infection in an area. 
~ee also: transmission index. II, 6, (h). 

Mean projection as determined under 
average enlarged spleen, but considering 
all individuals in the community- i.e., 

the sum of measurements is divided by the total number of 
persons in the. community whether the spleen is enlarged 
or not. Symbol: .A~. See also average enlarged spleen, spleno
metric index. II, 5, (a) and (c), also II, 6, (c) . 

BATCH 
PONTE 

Benign tertian 
Tierce benigne 

.All the eggs laid at a single oviposi- . 
tion by a single female as used for 
examination or breeding-out. m, 3, (a) . 

. Colloquial name for P.vivaa; parasite 
or infection ; preferably vivaa; parasite 
or infection. See vivaa;. I, 2. 
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BIOTYPE A population consisting of individuals 
BIOTYPE unable to form more than one kind 

of gamete ; natural equivalent of the 
laboratory pure line stock or strain. Unsuitable term to indi
cate the recognised varietal forms of .A. maculipennis. III, 2. 

Dlood index .Alternative term for parasite rate. 
Indice pamsitaire (lmmain) 

DUEEDING-OUT 
ELEV .AGE (cle 

1noustigues) 

Raising from eggs, larvre or pupre 
as distinct from "rearing", g. v. m, 

3, (a). 

BltEEDING-PLACES Situations in which anopheles eggs, 
GiTES (la.rvaircs) larvre or pupre are found in nature 

and from which adult mosquitoes are 
presumed to be derived. These may be temporal'!!. when 
liable to dry up, or pennanent, also potential when dry or not 
showing larvre when examined. III, 4, (a). 

Cachexia (Malarial) 
Oachexie paludeenne 

Clinical term (somewhat obsolete) to 
describe the anremic state following 
prolonged malarial .infection ; formerly 

liable to be applied to cases of visceral leishmaniasis diagnosed 
as chronic malaria. I, 5. 

CASE (of malaria) 
CAS (de paludis1ne) 

(TRUE) CAUSAL 
PROPIIYLAXIS 

P ROPHYL.AXIE 
O.AUS.ALE 

Clinical term indicating an individual 
showing clinical manifestations of ma
laria. I, 5. 

Elimination of the parasite by drug 
treatment in the incubation period by 
destroying the sporozoites or any inter
mediate stage between these and the 
trophozoite, so that neither primary 

attack nor subsequent infection fellows; contrasted with 
clinical prophylaxis in which drug treatment merely inhibits 
clinical manifestations during its continuance, as also with 
early treatment which may destroy the schizogonous forms. 
derived from the sporozoites. I, 5. 

Also termed causative prophylaxis (See footnote 29 
b). 



216 TERMINOLOGY IN MAL.A.RI.A. 

CHILD Se~ age groups. 
ENJJ'.A.NT 

CHROl\IATIN Characteristically staining nuclear ma-
OHROM.A.TINE terial of the :parasite. I, 4. 

CLASS 
OL.A.SSE 

One of the statistical groups into 
which the individuals in a. frequency 
distribution have been divided (usually 

on a basis of magnitude) for convenience of tabulation and 
analysis. 

CLINICAL CURE Abatement of active manifestations 
or RECOVERY of infection without necessarily actual 

GUERISON OLINIQUE elimination of such infection. See 

CLil\"ICAL 
PROPHYLAXIS 

PROPHYL.A.XiE 
OLINIQUE 

radical cure. I, 5. 

See causal :prophylaxis. 

CLINICAL RELAPSE Relapse with clinical manifestations 
RECHUTE CLINIQUE as distinct from parasitic relapse, shown 

only by reappearance or increase in 
number of paral!ites. I, 5. 

COLLECTIVE 
PROPHYLAXIS 

PROPHYL.AXIE 
COLLECTIVE 

CON COJ\IITAl\"T 
11\11\IUNITY (Sinton) 

PREMUNITION 

Conveyance 
Transport 

CRESCENTS 
CROISSANT{) 

Prophylaxis applied to a population 
or community as contrasted with indi
vidual propllylarcis, where the individual 
himself adopts measures of prevention. 
I, 5. 

See infection immunity. 

Alternative term for transport, q. v. 

Macro- and micro-gametocytes of 
P. faloiparum, also seen in certain mala
ria parasites of anthropoid apes. I, 3. 



TERi\IINOLOGY IN MALARIA 

Crisis Name (Sergent and Parrot, 1935) 
Crise applied to the invasive attack (primary 

attack) in an infectious disease. Used 
also (Taliaferro et aZ.) in the ordinary clinical sense- i.e., 
fall in numbers of parasites due to acquisition of specific 
immunity. I, 5. 

CYTOPLASM 
CYTOPLASJIE 

Characteristically staining " proto
plasm " as distinct from the nuclear 
material of the parasite. I, 4. 

DAY-TlliE Places in which anopheles rest during 
RESTING-PLACES the day. See house, stable, shelter, 

ABRIS DIURNES natural resting-place. m, 4, (c). 

DECOLORISATION 
DECOLORATION 

(des globules rouges) 

DENSITY 
DEN SITE 

DEVIATION (Animal) 
DEVIATION (animale) 

animals). See also: 

See red cell changes. 

See anopheles density, parasite den
sity. 

Reduction in the number of anopheles 
feeding on man due to the presence of 
attraction to cattle (or other domestic 
zoophylaxis. Ill, 41 (c). 

DISPERSION 
DISPERSION 

The spread of anopheles adults from 
a breeding-place,. active when due to 
their own flight, passive when carried 

by vehicles, etc., transportation (conveyance), or wind, wind 
dispersal. m, 4, {b). 

DISPERSION, 
Distance or 

DISPERSIOP, 
Distance de 

The distance to which anopheles 
under normal conditions disperse from 
their breeding-places, that to which 
they may extend under special con
ditions -e.g., prehibernation period- . 

being long-distance dispersion. See also : infiltration. Flight 
range, distance of flight are also used, but are ·to be dis
tinguished from distance an anopheles can fly- e.g., at a 
single act of flight. m, 4, (b). 
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ECDYSIS 
MUE 

The periodical casting of the cuticle 
which accompanies growth of the larva 
and marks the larval stages : see 

III, 3, (a). larval stag~s. 

EGG 
<EUF 

El\IERGENCE 
N .AI88.ANOE 

El\IPTY (females) 
VIDE (Ji'emeUe 

d' anop11ele) 

ENDEI\UC (malaria) 
ENDEMIQUE 

(Paludisme) 

malaria conditions. 

Endemic index 
Indice endemique 

Name of the first stage in the life 
history : includes the ovum with sur
rounding follicular structures. III, 3, (a). 

Passing-out of the imago from the 
pupa. m, 3, (a). 

Term to distinguish females which 
neither contain blood in the gut nor 
have enlarged ovaries, as distinct res
pectively from jed and gravid females. 
III, 3, (b). 

When malaria is constantly present 
in degree to give a measurable ~mount 
of morbidity or splenomegaly. In mala
riometry, static as opposed to epidemic 
See also: endemicity, enderny. II, 1. 

(of Stephens and Christophers) = 
parasite rate. (of Ross) =percentage 
of children showing either parasites or 

enlargement of the spleen. See section on indices of endemicity 
(ll, 6). Distinct from "index of Ross" of Brumpt, q.v. 

ENDEI\UCITY 
ENDEMIOITE 

The degree of prevalence (frequency 
and intensity) of malarial infection in 
the natural population of a country or 

area. See parasite rate, parasite density, spleen rate, average 
enlarged spleen, average spleen. See section on malaria in 
the human community. II, 1-6 . 

ENDEMY 
ENDEMIE 

.A. disease which is constantly present 
in a region. More specifically in relation 
to malaria, a condition where infection 

ceases to be an occasional occurrence and becomes con
ditioned by regular epidemiological laws involving infection 
and immunity of the comm~ty. See endemicity. 
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ENLARGEI\IENT 
(or the red cell) 

HYPERTROPHIE 
(a~~ glob'ule rouge) 

El.\'LAUGEl\lENT 

See red cell changes. 

See spleen (size of). 
( o£ the SJileen) 

HYPERTROPHIE (cle la rate) 

EPIDE:t.IIC 
EPIDEltflQUE 

.A condition in which a disease attacks 
at the same time and place a large 
number of persons, such number being 

markedly above that normal to the area. See epidemic malaria. 

EPIDEi\IIC (or malaria) 
EPIDEMIE 

A marked and relatively rapid increase 
in the morbidity or mortality due to 

(de paludisme) malaria. May occur as an outb1·eak (in 
a small community), as exacerbation 

due to the season, seasonal epidemic, or as widespread regional 
epidemics or other condition. II, 1. 

EPIDEl\IIC l\IALARIA 
P.ALUDIS1llE 

EPIDEMIQUE 

EPIDEl\IIC RISE 
EPIDEl\IIC FIGUUE 
ELEV .AT iON 

EPIDEMIQUE 
OHIFJJ'RE 

EPIDEMIQUE 

The condition in which malaria occurs 
in epidemics of this disease. Contrasted 
with 'endemic or static malaria, q:v. 
II, 1. 

Increase in ·total deaths (all causes) 
occurring during the epidemic period 
in relation to normal deaths in the same 
population ; shown as a rise in the graph 
of tot~l deaths (epidemic rise) or as a 
figure indicating the number of times 
the epidemic deaths are greater than 

the normal (epidemic figure). The latter is used in some 
countries in the mapping of epidemic malaria. II, 3 . 

EURYGAI\IOUS 
EURYG.AME 

.Applies to a species (mosquito) in 
which fertilisation only takes place in 
a relatively large space (e.g., several 

cubic metres) (Roubaud). The reverse condition -i.e., 
where a species will. couple and fertilise in a limited space-is 
stenogamy (Roubaud). III, 4, (d). 
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FALCIPARUM 
FALOIP.ARUM 

Specific name (Welch, 1897) for the 
malignant tertian parasite {P. falcipa

(PlMmodium) rum). May suitably be used as falci-
parum parasite and falciparU?n infection 

in place of the colloquial names malignant tertian, sub
t.ertian, tropica, etc. I, 2. 

FED (females) 
GORGEE (FemeZle 

d'anophele) 

Female anopheles with blood in the 
gut : see empty females. 

FEEDING-PLACE The room or stable, etc., where female 
LIEUX anopheles obtain their blood meal. 

D'.ALIMENT.ATION ill, 41 (c). 

FERTILISATION RATE 
FERTILISATION RATIO 
INDIOE DE 

FEOOllD.ATION 
(anopheles) 

Flight (Distance ol) 
Flight range 
Distance de 'VOl 

FREQUEJ.VCY (of 
infection) 

FREQUENOE 
( d'infection) 

FREQUENCY 
DISTRIBUTION 

FREQUENOJJJ 
(Tableau de) 

The proportion of anopheles found 
in nature with spermatozoa, expressed 
as a percentage (ra:te) or a~ a proportion 
of unity (ratio). III, 3, (b). 

See dispersion. 

The proportion of infected persons in 
a community, as contrasted with the 
intensity of the infections : see pre
valence, incidence. 

A statistical arrangement in which 
the numbers of individuals or items in 
each class are given in the order of the · 
numerical magnitude of the class and 
from which the mean and other statis

tical values may be computed. 

GAl\IETE 
GAMETE 

Sexual form in its complete state of 
development : not occurring in the body 
of the vertebrate host where the sexual 

forms are the gametocytes, q.'V. I, 3. Gamete is also used as a 
cytological or genetic term- e.g., in footnote 76• 
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GAl\IETOCYTE 
GAMETOCYTE 

Male and female sexual forms (micro
and macro-gametocytes respectively) 
before these become ·the gametes out

side the body of the vertebrate host by exflagellation or matu
ration respectively. I, 3. 

GAJ\IETOCYTE .An individual in whose blood game-
CARRIER tocytcs are present and who is thus 

PORTEUR DE potentially infective to anopheles. I, 5. 
G.AllfETOCYTES 

GOl\OTROPRIC CYCLE 
CYCLE GONOTRO
PHIQUE (des anopheles) 

GO.NOTROPHIC 
DISSOCIATION 

DISSOCIATION 
GONOTROPHIQUE 

(chez un mo1estique) 

GRAJ.\'ULATIONS 
(of the red cell) 

GRAINS (de Sohii,ffner) 

The changes taking place from inges
tion of a blood meal to oviposition. 
m,a, (b). 

A condition seen in partial hiberna
tion in which female anopheles under 
certain conditions may continue to take 
blood meals, but without any accom
panying development of the ovaries. 
m, a, {b). 

See stippling, Marirer's spots. 

GRAVID (females) See empty (females). 
GRA VIDE (li'emelle 

d'anophele} 

Haemamoeba Generic name (Grassi and Feletti, 
Haemamoeba 1890) for certain parasites : now sunk 

under Plasmodium, q.v. 

HAEl\IOPROTEUS Generic name (Kruse, 1890) given t.o 
HAEMOP ROT EU S certain parasites of birds : "Halteri

dium " of older writers. I, 1 .. 

HAEl\IOZOIN See malarial pigment. I, 4. 

HEMOZOINE 

Halteridium See Haemoproteus. 
Halteridium 
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HATCHING 
EOLOSION 

(d'tm moUBtique) 

IIEJ.~RY'S REACTION 
REACTION DE 

HENRY 

HEREDITARY 
IMllUNITY 

IMMUNITE HERITEE 

HETERODYNAl\lOUS 
HETERODYN AME 

Passing-out of the larva from the 
egg. See also emergence. III, 3, (a). 

A aero-flocculation test for malaria. 
I, 5. 

See inherited immunity. 

Species of which one of the genera
tions of the life-history cycle exhibits 
asthenobiosis, q.v. Species not showing 

such a condition are homodynamous (Roubaud). 

HETEROLOGOUS 
(strain) 

HETEROLOGUE 
(souche) 

A strain A is heterologous to another 
strain B when it possesses different im
munological properties. That is, strain B 
can superinfect animals already infected 
with strain A and vice versa. Strain B 

in this case may be either another species of parasite or 
another strain of the same species. See also homologous. I, 5 .. 

HOl\lODl'NAl\lOUS 
HOMODYNAME 

See heterodynamous. 

HOMOLOGOUS 
HOMOLOGUE 

Strains which are immunologically 
similar- i.e., which produce immunity 
against each other and so fail to super

infect. See superinfection, also heterologous. I, 5. 

HOST A parasitised or fed-upon organism; 
HOTE parasitised red cell; mammalian species 

from which. anopheles obtain blood. III, 4, (c). 

HOST PREFERENCE The degree of preference which any 
HOST OF species, variety or strain of anopheles 

PREDILECTION may exhibit for different vertebrate 
PREDILECTION hosts. The animal most preferred is the 

(pour un Mte) host of predilection. III, 4, (c). 

HOUSE 
HABITATION 

Any human habitation as distinct 
from stable or shelter, q.v. m, 4, (c)-
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HUl\IAN BLOOD RATIO The proportion of any species or 
INDIOED'ANTHROPO- variety of anopheles which under parti

PHILIE cular circumstances gives a positive pre-
. cipitin reaction for human blood, the · 

blood meal being that taken the previous night. .Also termed· 
anthropophilic index. 

HYPERENDE!\IICITY 
HYPJ]JRENDEMIOITE 

.An epidemiological term applied to 
the condition when few in the com-
munity escape malarial infection so that 

the spleen rate is permanently over 50 %- See also : post
epidemic hy}lCrendemicity. II, 1. 

UIAGO 
IMAGO 

Immaculata 
Immaculata 

(Haemamoeba} 

11\ll\IUNITY 
IMMUNITE 

Correct entomological name for the 
completely developed stage of the mos
quito ; often termed adults by malario
logists. 

Specific name (Grassi and Feletti, 
1892). Synonym of P. falciparum. I, 2. 

A 1·efractory state which prevents 
infection, reinfection or superinfection, 
or which maintains the number of 

parasites at a reduced level, or which reduces the cliuical 
effects of infection. Such refractory state may be due to 
" natural ", " species " or innate immunity (resistance innee 
of Sergent and Parrot) independent or previous or existing 
infection, or the result of previous or existing infection, 
acquired immunity. Acquired immunity may be due to the 
presence of antibodies or other mechanism independent of 
continued infection as a. cause and often persisting for a 
long time following such infection, true immunity of Sergent, 
residual immtmity of Sinton, or may be conditioned by the 
continued presence of the infecting organism, it~fection 

immunity (premunition of Sergent and Parrot). .Acquired 
immunity may also be due to the presence of antibodies 
produced by another animal, as after injection of an inlmune 
serum, passive immunity. See also infection immunity, 
residual immunity, transmitted immunity, also infection. I, 5. 
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BlPORTED (malaria) Malaria occurring in an area in per
IMPORTE (Paluilisme) sons infected outside such area. See 

also autochtonous malaria. II, 1. 

L"VCIDENCE 
FREQUENCE 

rate (clinical), 

A general term usually indicating 
frequency rather than intensity of infec
tion. With more precision, morbidity 

infection rate (epidemiological). II, 3. 

INCUBATION PERIOD 
INCUBATION 

(Periode d') 

See latency. I, 5. 

L"VDEX 
IN DICE 

Clinical term designating the period 
of latency between the initial infection 
and the first clinical effects or appear
ance of parasites as the case may be. 

Term applied to a measurement of 
one type of value used to measure 
another type of value; thus the spleen 

rate is a measure of the prevalence of splenomegaly, but 
might be an index of malaria prevalence (endemicity). See 
splenometric index, Macdonald's index, transmission index. 
See also : rate, ratio. II, 2. 

Index (of natural infec
tion), (of experimental 

infection) 
llulice it' infection ( natu

relle ou ea;perimentale) 
(anopheles) 

Index easanier (Brumpt) 
bulice casanier 

Index of Ross (Brumpt) 
I ndice de Ross 

" indice spl~nique 

Terms applied respectively to the pro
portion of anopheles in nature showing 
sporozoites in the glands or oocysts on 
the gut, and to the proportion of ano
pheles showing evidence of infection 
under ex.pexi.mental conditions. III, 6, 
(b). 

A suggested index. gmng ratio of 
natural to experimental infection rate. 
See footnote 83 •. III, 6, (b). 

A weighted mean of spleen size- viz., 
average enlarged spleen. Not " endemic 
index of Ross", q.v. Also termed 

moyen " {Brumpt). 
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INDIGENOUS (malaria)· .Autochtonous malaria natural to an 
INDIGENE (Paludisme) area or country, as distinct from autoch

tonous malaria contracted from im-
ported gametocyte carriers. 
imported malaria. II, 1. 

See autochtonous malaria, 

INDIVIDUAL 
PROPHYLAXIS 

P ROPHYLAXIE 
INDIVIDUELLE 

See collective prophylaxis. 

INDUCED l\IALARIA Malaria artificially brought about for 
PALUDifHIE the purpose of malariotherapy (or 

· PROVOQUE experimentation). 

INFANT 
NOURRISSON 

Children of age group 0-1. See Com
mentary for method of stating age 
groups, and terms used in this con
nection. II, 3. 

INFECTION The condition of having parasites in 
INFECTION (humaine) the body, whether indicated by clinical 

effects, or the finding of parasites in the 
blood, active infection or, in the absence of such indications, 
latent infection. See latent, isodiagnosis, splenectomy, 
xenodiagnosis. I, 5. 

INFECTION 11\lMUNITY 
PREllfUNITION 

A refractory condition dependent on 
an immunity arising from existing infec-
tion which prevents further infection 

as a result of inoculation of an homologous strain. Commonly 
known as p1·emunition. A condition in which the infection 
and immunity processes are in balance so that infection may 
be latent (unaccompanied by clinical or parasitological evid
ence) at one time and active (during attacks, relapses) at 
others. Also called concomitant immunity (Sinton). See also 
immunity. I, 5. 

INFECTION RATE The actual number of persons infected. 
(human community) In this sense, better as true infection 

IN DICE D'INJi'ECTION rate, q.v. Also used for the nwuber of 
(ht,-rnaine) separate infections in 100 individuals 

-i.e:, all species infection rate. 
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L~FECTION RATE Percentage of total infections which 
(human community) are due to a given species of parasite 

INDIOE D'INFEOTION- e.g., vivaa; infection rate. 
SPEOIFIQUE 

{humaine) 

L~FECTIVE A host in a state capable of giving 
INFEOT.ANT rise to infection of a vector through pos-

sessing gametocytes in the blood, or a 
vector possessing sporozoites in the glands or blood capo.ble 
of giving rise to infection when parenterally introduced. I, 5. 

LWECTIVE Dlli~SITY 
(Gordon and Davy) 

Infective ratio 
I nclice sporozoitique 

INFESTATION 
INFESTATION 

(humaine) 

Infestation index (Gill) 
I nclice a' infestation 

LVFILTRATION 
lllFILTR.ATION 

INHERITED 11\11\IUNI'IT 
IMMUNITE 

HERITEE 

Nwnber of female anopheles found 
with sporozoites in the glands per room 
per diem. m, 6, (b). 

See sporozoite ratio. 

Term applied to the presence of non
microbic parasites in contradistinction 
to infection applied to microbic (pro
tista or bacteria) parasites. I, 5. 

Mean positive parasite count of 
200 fields of a thin film multiplied by 10. 
n, 4, (c). 

Passage of anopheles into an area by 
an unknown succession of steps. 

Term applied to immunity passed 
from mother to child. This may be 
(1) hereditary innate immunity, or 
(2) transmitted passive immunity from 

the mother, or (3) infection immunity (premunition) from 
intra-uterine infection acquired via the"placenta. See innate 
immunity under immunity, also transmitted immunity. I, 5. 

LVJECTION Introduction by a parenteral route 
INJECTION (subcutaneous, intramuscular or intra-

venous) of therapeutic material (drugs, 
vaccines, sera) as contrasted with inoculation in which living 
infective organisms are so introduced. 



TERlliNOLOGY IN AIALARIA 227 

INNATE 1.\BIUN'ITY 
RESISTANCE IN.J.YEE 

IXOCUJ,ATIOiX 
INOCULATION 

INTEiXSITY (oi malm·iu) 
IN'l'ENl:liTE 

( ilu paluclisnre) 

St•e immunity. 

See injection. 

As applied to an individual, (clinically) 
severity of symptoms, (parasitologically) 
the numerical value of the infection 
-i.e., number of parasites per cmm., 

])(fraNile count. As applied to a community commonly mor
hidit.y ratt•, but with more precision paras-ite density, q.v., .as 
against. freqm•ucy of infection, wltich are, however, usually 
eol1'elatN1 v1~lues. Applied to liability to contract infection 
-i.e., malaria outside man, i-nfecti·ve c1ensity (potential of 
contagion), see also : transmission rate, transmission index. 
In general, emlemieity, q.v. 

IXTEHliiTf l~iXT 
INTERMITTENT 

Intermittent rc,•er 
I ntermittente ( Ficm·e) 

IXTEIUIITIEN'T STAGE 
STADE 

INTERMITT.ENT 

INTROUUCEn MALARIA 
PALUDISME 

D'HfPORTATIO:b~ 

With regular intermissions of fever 
-i.e., tertian, quartan or quotidian 
Jleriodicity of paroxysms. See intermit· 
tent stage. I, 5. 

Obsolete name for malaria. I, 1. 

Later stage of the primary attack 
in vivax infection when tlte initial fever 
gives I>lace to regular periodicity of 
paroxysms ; terminates at first infection 
latency. I, 5. 

See autochtonous. 

INVASION 
INl'ABION 

Stage of appearance of first clinical 
or microscopical signs of establishment 
of a species or strain in t.he body follow· 

ing introduction of the parasite. I, 5. 
i 
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ISODIAGNOSIS Inoculation of a. known .susceptible 
(Et. Sergent, 1920) animal with the blood . of another 

ISODIAGNOSTIO animal to ascertain if the latter is 

, ...... 
infected.· .A positive result ·indicates 

presence of latent infection. See also splenectomy, xeno
.dia.gnosis. I, 5. 

•, ... 
Lar\•al (malaria). 
La1·ve · (Palu.diSme) 

Clinical term indicating obscure symp
toms other than an attack believed to 
be manifestations of malaria. Somewhat 
obsolete . 

LATENCY .A condition in which malarial infec
tion is not evidenced clinically by active 
manifestations or from the parasito

. logical point of view when parasites cannot be detected (or 
are scanty) by microscopical examination. There is normally 
a lat.ent period preceding the primary attack, incubation 
latency (procritical phase of Sergent and Parrot), ~tnd also a 
pe1iod or periods of latency following upon the primary 
attack, infection latency (metacritical latency of Sergent and 
Parrot). Incubation latency in absence of the primary attack 
may continue into infection latency (latence d'embtee of Edm. 
and Et. Sergent, 1910). I, 5. 

LATENT l\IALARIA 
PALUDISME LATENT 

See latency. 

Laverania 
Laverania. 

Generic name (Grassi and Fe~et.ti, 

1890) given to the crescentic parasites of 
man (and birds 1). Now not differen

tiated from Plasmodium in opinion of most authorities. I, 2. 

LONG-DISTANCE 
DISPEUSION 

DISPERSION l 
GRAll DE Dll~TANOE 

Dispersion which may occur preceding 
hibernation or otherwise in which dis
tances of several kilometres may be 
traversed: see dispersion. III, 4, (b). 

LONG-TEUI\1 UELAPSE A relapse occurring after. a period 
REOHUTE TARDil'E of latency lasting several months, and 

very commonly about nine months, 
after infection with P. vivaa~ and the chief cause of the 
spring epidemic in Europe. I, 5. 
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:i\IACDONALD'S INDEX The proportion of those children with 
IN DICE DE enlarged spleen that show parasites by 

Jf A. 0 D 0 N ALD microscopical examination. By means 
of this index an estimation can be made 

of the true infection rate or actual proportion of ~fected. 
II, 6, (g). 

:i\IA CllOGAl\1 ETE 
liACllOGAl\IETOCYTE 
MAOROGA11IETE 
MAOROGA.iliETOOYTE 

l\IALAIUA 
PALUDIS11IE 

See gamete, gametocyte. 

Infection of man by various species 
of the genus Plasmodiunl. Also com
monly applied to similar infections in 
certain animals. I, 1. 

l\IALAlliA (LATENT) See latency. 
PALUDISME (LATENT) 

l\IALAlliA P AllASITES 
PARASITES 

DU PALUDIS.llJE 

Species of Plasmodium infecting verte
brates. The species in man are P. vivaa;, 
P. malariae, P. falciparum and P. ovale, 
as also possibly a further species, 

P. tenue. These are known under various colloquial names 
-e.g., benign tertian, malignant tertian, etc.'- but would 
be more suitable given by the informal use of the specific 
name- i.e., vivaa:, malariae, falcipart'm and ovale parasites or 
infection, as the case may be. I, 2. 

l\IALAlliA l'IGi\IENT 
PIGMENT 

PALUDEEN 

Pigment related to, or identical with, 
a form of hromatin occurring in the 
cytoplasm of the different forms of 
malaria parasites and also in the organs 

and tissues following destruction of these parasites. Some
times termed haemozoin. I, 4. 

l\lalaria rate (floss) 
Indice paluiUen (humain) 

True infection rate, q.v. II, 6, (e). 
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1\IALARIAE 
MALARIAE 

Specific name (Grassi and l!,eletti, 
1890) for the quartan paral!ite. 1\Iay 
suitably be used as malariae parasite 

or mala.riae infection for the colloquial name of tlte parasite 
or its infection. I, 2. 

Malarial fever 
Palustres, paludeennes 

· (Fievres) 

MALARIOLOGIST 
MALARIOLOGY 
!\IALARIOI\IETRY 
PALUDOLOGUE 
PALUDOLOGIE 
PALUDOMETRIE 

Malignant tertian 
Tierce maligne 

MATURE SCHIZONT 
SCHIZONTE MiJR 

MAURER'S SPOTS 
TACHES DE 

MAURER 

See malaria. 

Terms in general use to indicate rus
pectively those engaged in studying 
malaria, the study of malaria and 
quantitative methods applied to such 
study. I, 1. 

Colloquial name for P. falcipa1'1m~ 

and the infection it gives rise to. Pre
ferably falciparum paral!ite or infection. 
See falciparum. I, 2. 

See schizont. 

A form of alteration of the red cell 
consisting of irregular spotting or fleck
ing produced by P. falciparum (and 
P. tenue). To be contral!ted with the 

fine even granulations seen with vivaa; and ovale, Schiiffner's 
stippling. The term Maurer's flecks has been suggested and 
the condition might be described as flecking as contrasted 
wit.h stippling. I, 4. 

1\IAXILLARY INDEX 
IN DICE 

MAXILLAIRE 

.An entomological character (number 
of maxillary teeth in any given species, 
variety, biotype, etc., of anopheles), 
stated as a mean. m, 2. 
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:\lEAN I•AnASITE The mean of the numerical value of 
COUNT infections in a community expressed as 

.i'rlOYENNE D'INFEO- parasites per c.mm. or by other agreed 
TION (lmmaine) convention and obtained by dividing 

the sum of all the 1>arasitc courits, 
q:v., by the total number of persons examined. Symbol : 

P'. Given by P x 1~0 where P is the mean positive parasite 

count and E the parasite rate. II, 4, (c). 

:\lEAl\' I•osiTIVE The mean obtained by dividing the 
I•AIUSITE COUNT sum of the pa.rasite counts in a com

JfOYENNE D'INFEO- munity by the number of those founcl 
TION DES PARA- infected only. Symbol: P. See also 

BITES (lwmmcs) · mean parasite count. II, 4, (c). 

llEHOZOITE 
JliEROZOlTE 

llctacritical latency 
Melacritiqtte (Latence) 

The young parasites produced by 
division of a schizont before thes<: 
become ring forms. I, 3. 

See latency. 

lliCUOCLUIATE 
JfiOROOLHfAT 

Temperature and humidity ·in some 
small specified locus- e.g., that in the 
immediate surroundings of an anopheles 

at rest, as distinct from that of the general atmosphere or 
even of the room or stable aa a whole. III, 4, (c). 

lliCUOGAl\lETE 
l\UCHOGA!\IETOCYTE 
MICROGAMETE 
MIOROGAMETOOYTE 

1\IOUDIDITY RATE 
TAUX DE 

MORBIDITE 

MORTALITY RATE 
TAUX DE 

MORTALITE 

See gamete, gametocyte. 

Recorded rate of sickness from mala
ria, usually given as per cent or per 
mille per annum. Usually compiled 
from admission rates, attendance rates, 
etc. II, 3. 

Recorded death rate froul malaria, 
usually recorded per mille per annum. 
II, 3. 
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l\IULTIPAROUS (iemales) 
MULTIP.ARES 

(Femclles d'anopheles) 

Natural immunity 
I mnnmite naturelle 

See nulliparous. 

See immunity. 

NATURAL RESTING- Where anopheles may be found rest-
PLACES ing in the day in places other than 

.ABRIS N.ATURELS houses, stables or shelters. m, 4, (c). 

NIGHTLY TURNOVER 
MOUVEMENT NOO

TURNE (anopheles) 

Redistribution of anopheles which 
takes place each night due to the efflux 
and influx of gravid ovipositing ancl 
newly emerged adults respectively ancl 

other movements within the area. m, 4, (c). 

Nuclear vacuole 
Vacuole nucUaire 

NULLIPAROUS (lemales) 
NULLIP .ARES 

(Femelles d'anopheles) 

OOCYST 
OOOYSTE 

See vacuole. 

Female anopheles which have not 
passed through an oviposition, as con
trasted with multiparous females who 
have oviposited one or more times. 
m, a, (bJ. 

The stage of the parasite as seen in 
the gut wall of anopheles. Sometimes 
termed zygote. III, 6, (a). 

OOCYST RATE Percentage of female anopheles caught 
INDIOEOOOYSTIQUE in nature showing oocysts in the gut 

(anopheles) wall. m, 6, (b). 

OOKL'VETE 
OOKINETE 

OUTBREAK 
EPIDEMIE 

LOO.ALISEE 

The mobile vermicule stage following 
fertilisation of the macrogamate and 
preceding oocyst formation. m, 6, (a). 

A small explosive epidemic in a com
munity- e.g., among a ship's crew, or 
in an institution, ete. See epidemic of 
malaria. II, 1. 
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OUTPUT (of anopheles) The number of anopheles produced 
PRODUCTION from a breeding-place or area per unit 

ANOPHELIENNE of time. III, 4, (b). 

OVALE 
OVALE (Plasmodium) 

P. I. (spleens) 
P. I. (Rates) 

PALPADLE (spleens) 
PALPABLE (Rate) 

Specific name (Stephens, 1922) for 
P. ovale. I, 2. 

See spleen, size of. 

See spleen, size of. 

P AllASITE ASYi\IPTOTE The level at which a curve plotted 
ASYMPTOTE from recording the number of fields 

P ARASITAIRE examined before reaching a positive 
result becomes horizontal. A form of 

l'AUASITE CAllniEll 

indication of the true infection rate. 
II, 4, (d). 

An infected individual where the em-
PORTEUR DE phasis is on his potential power to 

GERliiES become a gametocyte carrier and to be 
infective. I, 5. 

PATIASITE DENSITY 
DEN SITE 

PARASITAIRE 

Mean vaiue in a community of para
site infections as shown by the meat~ 
pamsite count, or mean positive parasite 
count, or by the median or quartiles of 

an array, etc. as opposed to the number in the community 
infected or frequency of infection. II, 4, (c). 

l'ARASITE FOlll\lULA 
FORMULE 

PARASITAIRE 

PAllASITE FllEQUENCY 
DISTRinUTION 

TABLEAU DE 
FREQUENCE DES 

PARASITES 

Statement giving the percentage pre
valence of the species of plasmodium 
found in a. blood survey of a. community. 
Synonymous with relative prevalence (of 
parasite species). II, 4, (e). 

See frequency distribution, array. 
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PARASITE RATE 
INDIOE PARASI

TAIRE (httmain) 

Percentage of children in age grou1> 2-9 
(or other age group selected on local 
considerations- e.g., 2-15 in Algeria) 
showing parasites in the blood in a short 

examination. .Also when so designated the rate for any 
particular age group- e.g., aattlt parasite rate, infantile 
parasite rate, parasite .rate 2-4, 5-9, etc. II, 4, (b)· 

I•ARASITIC RELAPSE See relapse. 
REQHUTE 

PARASITAIRE 

PARENTERAL 
PARENTERAL 

See injection. 

PARO~'YSll 

AOOES 
A ·single " bout " of malaria cha

racterised by a rise of temperature with 
accompanying symptoms, usually the 

result of schizogony of one generation of parasites. A schizo
gonic multiplication unaccompanied by fever may be de
scribed as a parasite paroxysm (acces parasitaire). I, 5. 

I•AssnrE DISPERSION See dispersion. 
DISPERSION 

PASSIVE 

PASSfl'E i3BIU.i'\lTI' See immunity. 
IMMUNITE PASSIVE 

PERIODJCITI' 
PERIODIOITE 

The periods (quart.an, tertian or quo
tidian) at which paroxysms occur. De
pending on the length of cycle, schizo

gonic period, of the parasite and the number and arrangement 
of the generations of the parasite present. I, 3 and 5. 

PLASi\IODIAL INDEX 
INDIOE PLAS-

See parasite rate. 

MODIQUE (humain) 

PLASMODIUM 
PLASMODIUM 

Generic name (Marchiafava and Celli, 
1885) now used to include all the pig~ 
mented malaria-like parasites of man, 

apes, monkeys, bats and birds, with the exception of forms 
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in birds coming under the genus Haemoproteus. Family 
Plasmorlidae, Mesnil, 1903, Sub-order I:Iacmosporididac, Order 
Coccididac, Class Sporozoa. I, 2. 

l'OPUJ,.t\TION" 
POPULATIO.N 

(1) The human community under 
examination, (2) the total number of 
anopheles in a village or a.rca (anopheles 

population). Sec age groups, anopheles population, anopheles 
population composition. III, 5. 

I'OST-EPIDE:me .A condition of hyperendemicity fol-
IlYI'EilElXHE:\IICITY lowing upon an epidemic. II, 1. 

HYPEllEJ:l DEMIOITE 
POST-EPIDEiiiiQUE 

SJlecific name (Grassi and Feletti, 
1890) given to a parasite of birds and 
also to the malignant tertian parasite 

in man. The question of its validity or not for the parasite 
of man has been the subject of much discussion, sec Com
mentary. For the sake of m1iformity, it seems desirable to 
abandon the name 'vhatever its claims both for the human 
and bird parasites for wl1ich the names P. jalcipamm and 
P. 1·elictum respectively are now in· most common use. 
Praecox will thus become a nomen mulum. I, 2. 

l'raeC!ox 
Praecox (Plasmoclium) 

l'UEl\lUNITION" 
PREjlf.UJnTIO:N 

l'UEVALENCE 
( o[ malaria) 

IM.PORT.A:NO.E 
{d·u palutlismc) 

I'UEVENTIVE 
THEATl\IENT 

TRAITEJlf.EJ:lT 
PRET'El:lTill' 

See infection immunity. Used in the 
passive sense to indicate the condition 
and in the active sense for the act of 
confei'ling such resistance artificially. 
I, 5. 

A general term including (a) fre
quency of infection or its clinical effects 
and {b) intensity- i.e., parasite den
sity (in the human community) or infec
tion potential (in anopheles). II, 1. 

Treatment given to an individual to 
diminish the risk of his infecting others 
or to a community with a view to reduc
ing the incidence of malaria. Also 
termed mass tlrug prophylaxis. I, 5. 
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PRil\IARY ATTACK 
PREMIERE 

.ATTEINTE 

Procritical phase 
Procritique (Stade) 

Clinical or parasitological manifesta
tions following the usual incubation 
period after infection with a species or 
strain of parasite. I, 5. 

See latency. 

PROPHYLAXIS 
PROPHYL.AXIE 

Preventive measures taken to protect 
a community, collective p1·ophyla:cis, or 
measures undertaken by an individual 

to protect himself, individual prophylaxis. See also: clinical 
and causal prophyla:cis. I, 5. 

Proteosoma 
Proteosoma 

Generic name (Labbe, 1894), given to 
a Plasmodium in birds: P. relictm1~ 

Grassi and Feletti, 1892. I, 2. 

PUPA The correct name in mosquitoes for 
PUPE the pre-imaginal stage:...._i.e., a mos-

quito in this stage is an active obtected 
pupa, not a nymph which is not obtected and is a term applied 
to ametabolous insects- i.e., insects not undergoing com
plete metamorphosis. Til, 3, (a). 

Quartan 
Quarte . 

RADICAL CURE 
GUERISON 

COMPLETE 

Colloquial name for P. maZariac or 
infection by this parasite. See also : 
malariae. I, 2. 

The complete eradication of the infect
ing parasites from the body of the· host 
by natural or therapeutic means or both 
combined. See also : clinical cure, 
spontaneous recovery. I, 5. 

RATE 
T.AUX 

.A. simple and direct proportion ex
pressed as a percentage, or per mille, etc., 
but usually applies to a proportion 

during a given lapse of time- e.g., death rate per am1.um. 
See also : index, ratio. II, 2. 
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RATIO 
PROPORTION 

llEAUED 
ELEV.J!GE 

(de nw1tstiques) 

llECESSION 
REGRESSION 

A fraction {not a percentage) used 
to show the magnitude of one quantity 
in relation to the magnitude of another . 
.Also called a proportion. 

Used in contrasts to "bred-out" to 
indicate that fertilisation of females 
was also obtained in the laboratory. 
III, 3, (a). 

Disappearance of malaria in certain 
temp orate regions due to natural causes. 
II, 1. 

Recrudescence In a general epidemiological sense, 
Recru(1esccnce applied to renewed or increased incidence 

of malaria in a region. Employed also 
by certain authors to designate a relapse occurring at a 
certain period. See relapse. 

llecurrcnce 
Recm·rence 

RED CELL CHANGES 
GLOBULE ROUGE 
(.ALTERATIONS DU) 

See relapse. 

Any effect upon the host cell due to the 
presence in this of the parasite. Includes 
enlargement, decolorisation and certain 
forms of granulation in the cell brought 

out by staining - viz., Sclliiffner's stippling (stippling) 
and Maurer's dots (flecking), q.v.; or apparent reduction 
in size of the cell may occur with P. malariae infection 
and an oval shape and crcnulatiot~ of the cell with P. ovale. 
Some changes are also described in the unstained cell- e.g., 
the brassy co1·puscles of some older writers. I, 3. 

REGIONAL EPIDEl\IICS Epidemics of a pandemic character 
EPIDEMIES affecting large tracts due to exaggera-

REGION .ALES tion of the normal seasonal epidemic. 

REINFECTION 
(RECIDIVE) 

REINF EOTION 
(REOIDIVE) 

To reinfect after the original infection 
has died out or has been eliminated 
by treatment. Strictly, might be used 
in the sense of a reinfection with the 
same strain, but commonly means any 
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fresh infection in contradistinction to a relapse -i.e., rcn~\~cd 
activity of the original infection. French authors use roo1dive 
(reinfection) and rechute (relapse) in the same sense. I, 5. 

RELAPSE 
REOHUTE 

An attack other than the primary 
attack occurring during the course of an 
infection- i.e., a period of renewed 

active infection occurring during infection latency, as dis
tinguished from a further attack due to a subsequently 
acquired reinfection. :hiay be accompanied by rise of tempe
rature and other clinical signs (clinical t•elapse) or shown 
only by reappearance of, or increase in the number of, para
sites (parasitic relapse). May be spontaneotl$ or provokecl (sec 
splenectomy). Relapses have been variously distinguished 
by difierent authors as recurrence, recrudescence or relapse 
in relation to the time atwllich such attacks occur. Accord
ing to James, a relapse which occurs in the first six wcel's 
following recovery from the primary attack is designated 
a recrudescence, one later than eight weeks and earlier than 
twenty-four weeks a relapse, and one later than twenty-six 
weeks a recurrence (i.e., a long-term relapse as here usc<lj. 
See also : long-term relapse. I, 5. 

RELATIVE Sec parasite formula. Or, when apply-
PREVALENCE ing only to one species, the percentage 

FREQUEllOE which infections by this species forms 
RELATIVE (d'une of the total infections found hy micro

espece de parasites) scopic examination. I, 2. 

RE~llTIEN'T 

REMITTENT 

UESEU\'OIR 
OF INFECTION 

RESERl'OIR 
DE YIRUS 

UESIDUAL Ull\IUN11Y 
IMMU1HTE 

RESIDUELLE 

Without definite intermissions - e.g., 
the remittent stage (initial fever) in 
vivax infection and some attacks of 
falciparum infection. I, 5. 

Parasite carriers, taken as a whole, 
constituting a source of contamination 
in a given place. II, l. 

Immunity which may be present for 
a variable time even after disappearance 
of parasites from the body. See im
munity. I, 5. 
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RING FORliS 
FORJ.liES 

ANNULAIRES 
(des Plasmoclittm) 

SCI:IIZOGONIC PERIOn 
80HIZOGONIQUE 

(Pcriode) 

SCHIZOGOXY 
80HIZOGONIE 

Early stage of the trophozoite. See 
trophozoite. 

The time taken by any S!>ccics of 
parasite to complete its schizogonic 
cycle. I, 3. 

Cycle of asexual reproduction. Also 
applicable to indicate period of breaking
up of schizonts inftiating a Jlaroxysm. 
I, 3. 

SCIIIZO~T Intracellular asexual form in any stage 
80HIZONTE (strict usage}. Restricted in 11racticc 

to designate asexual forms other than 
ring forms. There may be distinguished young schizonts with 
undivided chromatin, mcclium forms with two or more chro
matin masses the result of schizogonic division, and 111aturc 
(or adult) schizonts with the cluomatin fully divided (segment
ing forms, rosettes, daisy forms or schizonts in the merozoite 
stage}. When chromatin has fully divided with formation 
of merozoitcs, the schizont is known as an adult or matu·re 
schizont (sporulation forms, segmenting forms, rosettes}. For 
pronunciation of the word, see footnote 12• I, 3. 

SCIIOFFNER'S Fine evenly distributed granulations 
STIPPLING brought out by suitable staining in red 

GRAINS DE cells infected with vivax. Sec also red 
SOHiJFFNER cell changes, Ziemann's stippling. 

SEASONAL El'IDElUC 
EPIDEMIE 

SAISONNIERE 

SEQUEL£ 
SEQUELLES 

Epidemic due to the normal spting 
or autumn prevalence. II, 1. 

Clinical term. Conditions following 
upon malarial infection - e.g., anromia, 
blackwater fever. I, 5. 
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SHELTERS Artificial structures, but neither habi
tations nor stables (q.v.), in which 
anopheles adults are found resting. 
m, 4, (c). 

.ABRIS .ARTIFIOIELS 

Simple tertian 
Tierce benigne 

Colloquial name sometimes used for 
vivaa.: parasite or infection. Preferably 
vivax parasite and vivaa.: infection. ~ee 

viva~C. I, 2. 

SPECIES 
ESPEOE 

A concept variously expressed. In 
practice, zoological or botanical forms 
which can be differentiated by some· 

constant morphological character or characters. III, 2. 

Species immunity 
Resistance innce 

See immunity. 

SPECIES The percentage of individuals found 
L~FECTION RATE infected with any given species of para

IN DICE D'INFEOTION site- i.e., vivaiC infectiol~ rate, mala1·iae 
SPEOIFIQUE infection rate, etc. See also: all species 

(humaine) infection rate, infection rate. II, 41 (e). 

SPECIES SANITATION 
SPECIES CONTROL 
.ASSAINISSEMENT 

The application of mosquito control 
measures to one or more species of 
anopheles known to be the most impor

SELEOTII1' taut vector or vectors in an area, the 
measures taken depending upon know

ledge of its habits and especially of the nature of its breeding
places. III, 7. 

SPLEEN (Size of) 
T.AILLE (de la rate) 

Degree of spleen enlargement mea
sured by the projection of the organ on 
the abdominal wall in relation to the 

costal margin or umbilicus. The method of measurement 
employed varies with different authors and will be found 
fully described in the Commentary. See also: spleen rate, 
average enlarged spleen, average spleen. II, 5

1 
(c). 
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SPLEEN RATE The percentage of children (age 
INDIOE SPLENIQUE group 2-9) showing palpable enlarge-

ment of the SI>leen, or that for other 
age groups when so specified- e.g., adult spleen rate, spleen 
rato 2-5, etc. The term applies in Algeria to age group 
0-15 (enfauts) as suitable under local conditions to cover 
immunising period (see Commentary). Taken (a) with child 
standing or {b) child recumbent, but accompanied always 
by statement as to which method is adopted and desirably 
also by statement of classes of spleen size. Spleens felt only 
on deep inspiration in the recumbent position are termed 
P. I. (palpable on deep inspiration) spleens. If an important 
class (as under some conditions in Europe or the United 
States of America), comparison of results by the two 
methods may be misleading unless a statement of spleen 
classes is also given. (For full account, see Commentary.) 
II, 5, (b). 

SPL&"VECTOl\IY 
SPLENEOTOMIE 

Removal of the spleen which, in a 
latent infection, may bring about patent 
infection otherwise not to be detected. 
I, 5. 

SPLENOi\IETRIC INDEX Spleen rate multiplied by average 
(Parrot 1923). enlarged spleen. Employed as a single 

IN DICE figure index to indicate both frequency 
SPLENOMETRIQUE (S) and also degree (A) of splenomegaly 

=average spleen X 100. Symbol : S X A. 
See also: average spleen. II, 6, (c). 

SPONTANEOUS 
RECOVERY 

GUERISON 
SPONTANEE 

SPORADIC (malaria) 
SPORADIQUE 

(Paludisme) 

Sporoblast 
Sporoblasto 

Recovery without treatment. Some
times· used for natural abatement of 
clinical effects, sometimes as implying 
elimination of infection. I, 5. 

Where cases of malaria are too few 
and scattered to cause any appreciable 
effect on the community. II, 1. 

See sporozoite. 
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SPOROGO:i\'Y 
SPOROGONIE 

Stage of sexual1·eproductiou or deve
lopment and including that in the mos
quito host. I, 3 and III, 6, (a). 

SPOROZOITE 
SPOROZOITE 

The final fully developed infecting 
form of the malaria para~ite as seen 
in the salivary glands of the mosquito 

(or before or after rupture of the oocyst in this structure or 
in the hremocwle). Possibly these are strictly sporoblasts, 
since they may perhaps undergo further division after inocula
tion into the mammalian host. The so-callecl sporoblasts 
seen at a certain stage in the oocyst are merely appearances 
simulating such bodies. III, 6, (a), 

SPOROZOITE RATE 
IN DICE 

SPOROZ01TIQUE 

Sporulation form 

The percentage of female anopheles 
showing sporozoites in the glands. If 
given a~ a ratio, the term would be 
sporozoite mtio. III, 6, (b). 

See schizont. 

STABLE 
EOURIE 

Any form or artificial structure in 
which animals are kept overnight, as 
distinct from habitation or shelter (q.v.) 

-e.g., horse stables, cattle sheds, pigsties, etc. III, 4, (c). 

STATIC (malaria) Malariometric term indicating a eon
ST.ATIQUE (Paludisme) dition where malarial irifection in a 

community is at equilibrium. More or 
less synonymous with endemic as contrasted with epidemic. 

STENOGAi\lY 
STElWG.AMIE 

STEPHENS' AND 
CHRISTOPllERS' SPOTS 
TACHES DE 

STEPHENS ET 
. OHRISTOPHERS 

Characterising a type of mosquito in 
which coupling takes place in a limited 
space (Roubaud). See also eurygamous. 
III, 4, (d). 

Called also Maurer's spots (q.v.). 
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STIPPLING See SchiiiTner's stippling. Stippling 
TACHE in P. malariae brought out by special 

methods of staining has been termed by 
James Ziemann's stippling. Sec also : Maurer's spots, red 
cell changes. I, 4. 

SUBSPECIES 
80U8-ESPEOE 
VARIETE 

Status given to a form which has some 
of the characters of a species - e.g., 
definitive morphological characters and 
characteristic area of distribution, but 

in which the definitive characters are so little apparent 
that it is thought undesirable to consider it a distinct species 
and to whi~h a thircl or trinomial name is given following 
upon the specific name of the species of wl1ich it is a sub
species. Synonymous with va1·iety, which is the term used 
in the Oulieiclae for such a status. See also: variant. III, 2. 

Subtertiun 
8ttbtierce 

Colloquial name (now little used} for 
P. falciparum. See falciparum. 

SUPEIUNFECTION 
SURINFEOTION 

A fresh infection produced in an 
animal already infected with the same 
organism. Strictly, a superinfection can 

only occur if the second strain used is l1eterologous to that 
causing the original infection, but a small (parasitic} relapse 
may occur as a result of a subsequent homologous s·uper
infection (Sinton andl\Iulligan}. Seefootnotc26

• I, 5. 

TAXIS 
TAOTI8ME8 

Tenue 
Tenue (Plasmodium) 

TllANSl\IISSION INDEX 
INDIOE DE 

TRANSMISSION 

Impulses of a reflex character which 
follow certain stimuli in insects. The 
term tropism is al&o applied when this 
designation is applicable. m, 4, (d). 

Specific name (Stephens, 1914} given 
to a. form of parasite resembling P. falci
parum, but believed by some authors 
to be distinct. I, 2. 

Parasite rate of age group 0-1 (Ba.rber, 
Rice a.nd Mandekos, 1936}. Also termed 
infantile parasite rate. II, 6, (i). 
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TRANSMISSION RATE Number of infective bites per 100 per-
INDIOE DE sons per unit of time: see also infective 

TRANSMISSION density, transmission index. ill, 61 (b). 

Transmitted immunity 
Immunite transmiso 

TRA.t"\'SPORTATION 
TRANSPORT 

See inherited immunity, passive im- • 
munity under immunity. I, 5. 

Passive dispersion of anopheles by 
vehicles, trains, steamers, etc. Some
times termed conveyance. III, ,!, (b). 

Strictly any asexual growing form. TROPHOZOITE 
TROPHOZOITE Used in practice in restricted sense as 

indicating intracellular forms. in theh· 
early stages of development (ring forms) of which the asexual 
or sexual nature cannot be recognised with certainty. I, 3. 

Tropica 
Tropicale ( Fievre) 

Name applied to infection With falci
parum ; preferably falcipamm infection. 
I, 2. 

Tropical aggregation See aggregation oflabour (malaria of). 
of labour II, 1. 

Paludisme des camps 

Tropism 
Tropismo 

TRUE CAUSAL 
PROPHYLAXIS 

See taxis. 

See causal (causative) prophylaxis. 

TRUE Il\11\IUNITY 
IMMUNITE VRAIE 

Term employed by Sergent, Parrot 
and Donatien to designate immunity 
which remains for a long time after 

recovery from infection, as seen in many infectious diseases, 
as opposed to premunition where hnmunity is dependent on 
continued infection. See also : residual hnmunity. 

TRUE INFECTION 
RATE 

IN DICE 
D'INFEOTION 

VRAIE (kumaine) 

The actual number of infected per
sons in a given community. Deduceable 
only from information of various indi· 
rect data.....,. e.g., Macdonald's index, 
q.v. II, 6, (e)-(g). 
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VACUOLE 
VACUOLE 

"'VAllUJ.~T 

V.ARIANTE . 
VAlllETY 
V.ARIETE 

The clear space seen in. ring forms and 
sometimes in larger parasites.; nuclear 
vacJiole of authors. I, 4. 

A merely individual, seasonal or freak; 
departure from the usual species charac
ters. See under variety. III, 2. 

See subspecies. 

VECTOR A host transmitting infection after 
VEOTEUR (.Anoplti':le) developmental stages of the life history 

of the parasite have been passed in it, 
as distinct from a merely mechanical carrier of infection. ill. 

VIVAX 
VIV .AX (Plasmoclium) 

iu place of the 
tertian. I, 2. 

Wecbselfieher 

Wind dispersion 
Dispersion par le vent 

XENODIAGNOSIS 
(Brumpt, 1914) 

XENODIAGNOSTIC 

ZIEl\IAl~N'S STIPPLING 
ZIEMANN (Taches de) 

Specific name (Grassi and Faletti, 
1890) for P. vi'V(I3]. Vi'IJ(I3] parasite and 
viv(l3] infection may suitably be used 

colloquial names benign tertian, simple 

Obsolete name (German) for malaria. 
Synonymous with intermittent fever. 
I, 1. 

See dispersion. 

Use of a -suitable intermediate host 
to demonstrate the presence of an infec
tion when parasites are too scanty to 
be detected in the blood by microscopica.l 
methods. I, 5. 

See stippling. 

ZOOPHILIC Strictly speaking, should only be ap-
ZOOPHILE plied to a mosquito which bites animals 

to the exclusion of man, but often 
employed for mosquitoes which merely have a relative pre
ference to bite animals. III, 4, (c). 
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ZOOPROPHYLAXIS 
ZOOPROPHYLAXIE 

Zygote 
Zygote 

Attempts to bring about. deviation, 
q.-11., as a means of combating malaria. 
III, 4, (c). . 

Name formerly used for "the oocyst·. • 
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THE LEAGUE OF NATIONS 
ANTI-EPIDEMIC WORK IN CHINA IN 1939 

INTRODUCTION 

It is now over ten years since the League of Nations first received 
from the Government of the Republic of China a request for expert 
assistance ·fn connection with the health services of that cowitry. 
During thi·~ period, a close technical collaboration has been conti
nuously maintained in regard to quarantine services, cholera control, 
general public .health services, medic.al education, hospital adminis
tration, etc. In addition, through the Health Organisation of the 
League, over fifty Chinese ,medical officers have been given the 
opportunity of travelling to Europe and .America for the comparative 
study of special. branches of medicine and hygiene in a large number 
of countries. 
· Shortly after the outbreak of hosti,lities with Japan, the Chinese 

Government sent to the League a memorandum emphasising the 
grave danger of widespread epidemics amongst the civilian popula
tion as a result of the fighting, and requested the League to consider 
what assistance it could send to China for the purpose of meeting 
the emergency. 

The Chinese request was considered by the Assembly of the 
League in September 1937. The Assembly decided to vote the 
sum of 2 million Swiss francs fo~ anti-epidemic work in China ; as 
a result, three mobile units left for China before the end of the year. 
The work of these units was to reinforce the existing Chinese Health 

.4456. S.d.N. 1030 (F.). 1525 (A.). 6/41.- Imp. de Ia T. d. G. 
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Organisation- that is to say, they were to advise and'-.support the 
competent Chinese technical services, the Chinese authin'ities being 
themselves responsible for the work carried out. (1) · ... 

In addition to the essential equipment ~or transpor.~~{heavy and 
light lorries and touring-cars), each unit was provid.iii:l. with the 
necessary medical and anti~epidemic supplies, inoluding one 
stationary and three mobile bacteriological laboratories, material 
for water disinfection, delousing appliances, sera, vaccines, etc. 

On arrival in China, No. 1 Unit proceeded to Sian~ capital of 
Shensi, No. 2 Unit to Changsha, capital of Hunan, and No.3 Unit 
to Nanning, capital of Kwangsi, and to Canton. Early in February 
19381 all three units had reached their station~, had established 
headquarters and were engaged in making the necessary official 
contacts. The League units, with the requisite Chiriese medical 
and auxiliary staff, were at once incorporated in the local health 

(1) The personnel of these units was as follows : 

No. 1 Unit: 

Dr. H. MoosER (Swiss), Professor of Hygiene and Bacteriology at the 
University of Zurich ; · 

Dr. H. M. JETr~rAR (Austrian), Assistant Professor at th"e.University of 
Vienna; 

Dr. H. WINZELER (Swiss), formerly Medical Officer to the International 
Himalaya Expedition ; 

l\1, E. ETTER (Swiss), engineer, formerly in charge of the construction 
of railway lines in Per11ia ; 

M. E. 0. LANDAUER (Austrian), sanitary engineer. 

No. 2 Unit: 

Dr. R. C. RoBERTSON (British), Director of the Division of Patl1ology, 
Henry Lester Institute, Shanghai ; 

Dr. R. POLLITZER (Austrian), late bacteriologist, Manchurian Plague 
Prevention Service ; 

.Dr. E. I. B. HAWES (British), former Assistant at the Aldershot Military 
Hospital for Infectious Diseases. 

No. 3 Unit: 

Surgeon-General A. LASNET (French), late Director of French Colonial 
Medical Services ; 

Dr. J. LAIGRET (French), of the Pasteur Institute, Tunis; 
Dr. P. DOROLLE (French), Director of the Municipal Health Service, 

Hanoi; 
Dr. J. JIIAUCLAIRE (French). 
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administra:~on, and, at the same time, they kept in close touch 
with the CE~iltral Government through a special liaison officer. 

:r.:Ieanwhfle, large quantities of medical stores, to the value of 
500,000 Swjlis francs, were purchased by the League in Europe and 
forwarded .:io. the base in Hongkong, upon which each of the units 
coWd draw~· The stores included, .in addition to large quantities 

_. __ (h.dtftl' . 

Rt~il•tlfJ 

Rouft.t 
--Aoflds 

SDN-41005 

of drugs, considerable supplies ofsera, vaccines, laboratory equipment 
and disinfectants. 

The activities of the units, though varying somewhat according . 
to locality, were devoted chiefly to the establishment of laboratories 
for vaccine production, the creation of sanitary and health services 
in the towns and villages, general medical relief work, provision of 
hospital accommodation, health propaganda, an\1, in particular, 
the control of typhus fever, plague, .c~olera and malaria. 
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The activities of the units continued steadily throughout 19381 

and, in September of that year, a further grant of 1,500,000 Swiss 
francs was made by the League Assembly for the continuation of 
the work. 

Early in.1939, at the request of the Chinese Government, it was 
decided that the character of the League assistance should undergo 
a change. Chinese units had been gradually created by the Chinese 
Government to replace the League units. The European experts 
provided by the League, together with a small personal staff and 
transport, were accordingly placed at the Chinese Government's 
disposal in a purely advisory capacity. The following extracts 
from a report from Dr. Dorolle will give an idea of the League's 
health work in China during 1939. 

GENERAL ORGANISATION SCHEME 

The change in the character of the work, as compared with that 
. done in 1938 as a result of which the European experts became 
advisers to the Chinese Government, made possible, the creation 
of a more elastic machinery, better adapted to meet the constantly 
changing conditions. The details, technical, administrative and 
financial, of the new plan, together with the general scheme of work 
for 1939, were arranged at a meeting (1) of the League of Nations 
Epidemic Commission, consisting of the following members·: 
Dr. F. C. YEN, Director of the Weishengshu (2) (Chairman), 
Dr. DOROLLE and Dr. ROBERTSON, and Dr. M.D. MACKENZIE, of 
the Health Section, who had been sent to China as the Secretary
General's representative for the purpose of determining with the 
9hinese Government and the League experts the form to be taken 
by the League assistance 'to the Chinese Government in carrying 
out the anti-epidemic campaign during 1939. 

In addition to the preparation of the general plan of work for 
1939, the execution of which is dealt with in the present report, the 
Commission defined the duties of the League personnel and also 
laid down a programme for purchases of medical supplies, mainly 
in the light of the requirements stated by the Weishengshu. 

( 1 ) Held at Chungking in March 1939. 
(2) Department of Health of the Ministry of the Interior. 
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Generally speaking, and apart from a few modifications in 
matters of detail due to circumstances, the work of the Mission has 
proceeded on the lines laid down at the Commission's first meeting. 

Dr. DOROLLE, who, from the time of Dr. Mackenzie's departure 
in April1939, represented the Secretary-General, had, in addition 
t9 his technical duties, to administer the financial and material 
interests of the League of Nations in China, and he was responsible 
for ensuring that the experts were supplied with the necessary 
technical equipment and transport facilities. 

In principle, Dr. Dorolle was to have permanent offices at 
Chungking, the seat of the Central Government, the Chinese Govern
ment undertaking to supply a suitable building. Owing to the 
exceptional shortage of accommodation at Chungking, the destruc
tion of a large number of buildings by bombardment and, finally, 
in July, the partial destruction by a bomb of the building intended 
for the League experts, it proved impossible for the accommodation 
to be provided and the Secretary-General's representative was 
therefore compelled to remain in his temporary quarters at Kunming 
until the end of the year. 

Dr. ROBERTSON, in addition to his general duties as chief technical 
expert, was the head of a semi-independent technical group engaged 
in the study and prophylaxis of malaria and other diseases along 
the newly-opened road to Burma. As technical adviser to the 
National Epidemic Prevention Bureau at Kunming, he also co
ordinated. the various Chinese health organisations operating along 
the Burma Road. 

In spite of local difficulties, Dr. Robertson quickly set up a 
working base at Kunming, comprising a laboratory specially 
equipped for the study of malaria, which was to be used not only 
for research work, but also for the practical and theoretical instruc
tion of a number of technical workers in the service of the Chinese 
health organisations. From this base, Dr. Robertson was able to 
conduct the preliminary work on the Burma Road through a sub
station set up at Lungling and also to make two full and detailed 
inspections along the road in July and November. 

Dr. JETTliiAR was appointed technical health adviser to the 
North-West Epidemic Bureau and to the North-Western Provinces 
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in the matter of laboratory work and general epidemiology, with 
regard more particularly to problems connected with typhus and 
relapsing fever. Furthermore, Dr. Jettmar's veterinary knowledge 
was to be utilised in connection with the prevention of diseases 
amongst cattle generally, with particular reference to cattle-plague. 

Dr. Jettmar stayed at Sian until the end of 1\Iay, when tho con
ditions created by the increasing difficulties of communication became 
a serious handicap to his work. .As epidemics were at this time 
seriously threatening Chungking and the Yangtze Valley, it was 
decided to recall Dr. Jettma:r to Chungking, where he has continued 
to act as technical adviser for epidemiological and laboratory 
questions and has carried out research work, chiefly on cholera and 
malaria. 

By mid-November, the epidemic situation at Chungking had 
considerably improved, and the Weishengshu accordingly asked 
Dr. Jettmar to remove temporarily to Kunming and there give a 
series of lectures and practical demonstrations, chiefly on ·elementary 
malariology and parasitology, to qualified doctors and sanitary 
engineers. This practical instruction lasted till the end of the year 
and, at the beginning of January 19401 Dr. Jettmar left Kunming 
for Kweiyang, to give a similar series of training lectures. 

In view of the wide experience he had gained in 1938 in dealing 
with epidemiological problems in the provinces of Hunan and 
Kweichow, Dr. POLLITZER was to occupy the special post of adviser 
on epidemiological questions to the· sanitary administrations, and 
to the health laboratories of these provinces. 

Dr. Pollitzer, whose base remained at Kweiyang until the 
beginning of September, travelled in the provinces of Hunan, 
Kweichow and Yunnan, devoting his time chiefly to the control of 
the annual cholera epidemic. 

Early in September, in agreement with the Chinese authorities 
and with the French railway administration, Dr. Pollitzer made a 
study of cholera along the Yunnan Railway, in view of the danger 
of the epidemic spreading along this line. He helped to organise 
the campaign against cholera in Kunming and, as a member of the 
Plague Commission, at the end of December he made a difficult 
tour in a remote""area of Yunnan, where it was feared plague 
existed. 
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Dr. Pollitzer had barely returned from this tour at the beginning 
of January 1940, when he waa asked to remain provisionally at 
Kunming and, after Dr. Dorolle's departure on mobilisation, to 
take temporary charge of the financial and material responsibilities 
which previously devolved on the latter. 

M. LANDAUER acted as adviser to the Weishengshu Practical 
Instruction Centre at Kwciyang (Public Health Training Institute), 
for both theoretical instruction and field work. In addition, he 
visited, from his base at Kweiyang, the various stations of the 
sanitary engineering units set up in Hunan, Kweichow, Kwangsi 
and Kiangsi. 

The services of Dr .. 1\:IAucLAIRE were to be available for the 
purposes of consultation on sanitary engineering problems, but, as 
his primary duty, he was placed in charge of transport arrangementa. 
From Kunming, he carried out cholera surveys in various villages 
along the road to Chungking before being recalled in September 1939 
for military duties . 

.At the meeting of the League Epidemic Commission, it was 
also agreed to finance a number of Chinese laboratory and engineering 
units, and to contribute to the maintenance of the Weishengshu 
isolation hospital at Sian. In addition, five units were financed 
by League funds: viz., two laboratory units (one for the provinces 
of Kwangsi, Hunan, and Kweichow, the other in the North-West), 
a sanitary engineering unit, with headquarters at Kweilin (Kwangsi) 
and branches chiefly in the provinces of Hunan and Kweichow, and 
two anti-epidemic units on the Burma Road, designed chiefly to 
combat malaria. 

The personnel of these units included a head (doctor, bacterio
logist, or sanitary engineer) with a technical staff (doctors, engineers, 
sanitary inspectors, nurses) and auxiliary personnel (assistants, 
coolies, etc.). Each unit was supplied with the material required for 
its particular work, and sub-units were organised in important centres. 

The League also contributed 6,000 dollars towards re-equipping 
the Kiangsi isolation hospital, which had been badly damaged by 
air bombardment. 

Finally, out of a.n a.mount of 30,000 dollars ea.rma.rked for sanitary 
engineering expenditure, a delousing station was operated at Sian 
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and the cost wa~ met of improvement works (wells, latrines, etc.) 
under schemes ca.rried out either by the sanitary engineering unit 
itself or by various organisations controlled by the Weishengshu 
Anti-epidemic Corps. 

The transport material supplied by the League for use in China. 
during 1939 consisted of four heavy lorries, seven light lorries and 
four touring-cars. The heavy lorries were used on the Kunming
Kweiyang-Chungking line, first for conveying supplies of petrol and 
spare parts and later for a~sisting the Weishengshu in transporting 
medical supplies from the railway terminus to various districts in 
China. Notwithstanding the increa~ing difficulties due to the state 
of the roads, the shortage of petrol and the administrative formalities 
connected with the establishment of transport monopolies and the 
liquid-fuel monopoly, this heavy transport service did exceedingly 
good work and the weight of the medical material transported free 
o~ charge for the Weishengshu was about 45,000 kg. 

The total petrol consumption amounted to about 81000 .American 
gallons. This is a large figure, but account must be taken of the 
state of the roads and the configuration of the territory. Chungking 
is barely 300 ft. above sea level, but Kweiyang lies a.t an altitude 
of more than 3,000 ft. and Kunming a.t 61000 ft. The frontier 
between China and Burma lies at an altitude of about 11300 ft. and, 
on the Burma Road and the road from Kunming to Kweiya.ng, 
there are passes of between 8,000 ft. and 8,500 ft. which the lorries 
had to cross regularly. 

The League medical supplies in China in 1939 consisted partly 
of stocks left over a.t the dissolution of the League units at the end 
of 1938 and partly of supplies purchased out of the 1939 budget, 
either in Europe or in China.. 

The stocks which remained from 19381 and of which it had been 
possible to redistribute the larger part during the transition period, 
were used partly for the equipment of the experts, but the greater 
proportion waa handed over to the Weishengshu. These stores, 
which included large quantities of disinfectants, vaccines, quinine 
and laboratory equipment, proved of ireat a-ssistance to the 
Weishengshu pending the arrival of the supplies purchased by the 
League. 

These supplies, which arrived at intervals throughout the year 
1939, in addition to large quantities of other drugs, included 
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quinine (nearly 2% tons- i.e., over 7,000,000 tablets of 5 grs. 
each), powdered quinine, plasmoquine (1001000 tablets), atebrin 
(1,000 tablets), emetine (700,000 ampoules), and bleaching powder 
(11 tons). 

The laboratory materia.) included the equipment of thirty 
complete mobile laboratories for the use of the health stations of 
the Weishengshu, comprising in each case a microscope suitable for 
all ordinary bacteriological examinations, the requisite glassware, 
apparatus and instruments for bacteriological, serological, and 
chemical examinations, and a full supply of chemical products, 
reagents and stains. 

The material sent in 1939 also included 51400 syringes for anti
cholera vaccination together with 18,000 needles, and the necessary 
material for saline injections, supplies of heavy oil, paris green; 
liquid insecticide and sprays, together with large supplies of anti
mosquito netting. 

In addition to the stores sent from Europe, the League also 
purchased a considerable amount of medical material in China 
itself, including 3 million doses of cholera vaccine, 240,000 doses 
of smallpox vaccine, and 76,000 cc. of anti-dysentery and anti
meningococcus sera. Through the generosity of the Government 
of French Indo~China, a gift of a further 1,000,000 doses of 
cholera vaccine was received. 

ANTI-EPIDEMIC ACTIVITIES 

The epidemic outbreaks with which the Chinese Health Adminis
tration had to cope in 1939 were chiefly of malaria, cholera, typhus, 
relapsing fever, and smallpox. Moreover, preventive measures 
were required during the year against the introduction of plague 
into Yiinnan. The question of endemic goitre was also studied in 
Yiinnan, together with a number of local problems, such as areas 
of schistosomiasis infection, etc. 

In addition to their work in these fields, the services of the League 
experts were also utilised by the Government in connection with 
questions of rural hygiene, refugees, child nutrition, and the reorga
nisation of such large scientific institutes as the National Epidemic 
Prevention :Bureau. 
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(a) Malaria. 
The opening of the new road from Kunming to Burma, some 

600 miles in length and running through regions that were formerly 
almost inaccessible, at once gave rise, as might be expected, to a 
very serious malaria problem. 

More particularly in the western part of its course, the road 
pal!ses through regions inhabited by non-Chinese tribes which 
constitute a reservoir of the virus, though they themselves do not 
apparently suffer severely from the effects of the disease. The 
importation of Chinese labour in the form of a large number of 
coolies who were already in a state of diminished resistance and 
who were, in general, unsatisfactorily housed and badly nourished, 
led to the development of epidemics of malaria which at one time 
jeopardised the whole future of the road construction. Later, when 
the road was opened to traffic, the very high percentage of cases of 
malaria amongst the drivers and staff of the transport organisations 
seriously affected their efficiency. There seems no doubt that 
accidents are frequently due to the weakened condition of the staff 
aa a result of repeated attacks of malaria. 

It is not possible here to do more than outline the work which was 
done by Dr. Robertson and which has been described in his special 
reports. Briefly, his work waa along two lines : in the first place, 
after a tour of inspection, he drew up recommendations of a general 
character which were approved by the National Health Adminis
tration, and which constituted a basis for the anti-malaria programme; 
secondly, thanks to the installation of sub-stations at Lungling 
and Mangshih, Dr. Robertson was able to undertake a scientific 
study of local conditions. 

The recommendations made by Dr. Robertson may be 
summarised as follows : 

(1) The urgent necessity for the creation of a co-ordinating 
organisation covering agencies doing medical work along 
the Burma Road (Government and provincial health orga
nisations and those of the different transport services) ; 

(2) The desirability of establishing a control of quinine, in order 
to avoid the waste entailed by badly organised and un
methodical distributions, which serve only to constitute a 
financial drain without any corresponding benefit ; 
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(3) The establishment of a plan of work including: 
(a) Surveys and research, 
(b) Treatment of cases, 
(c) The training of specialised workers, 
(d) General sanitary improvements ; 
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(4) The adoption, as a :basis for work to be undertaken, of the 
recommendations contained in the Fourth Report of the 
League of Nations Malaria Commission (1); and the publi
cation o_f a summary of that report in Chinese ; 

(5) The establishment of four new special hospitals and eight 
dispensaries, four of the latter being mobile ; 

(6) The establishment of four new field laboratories with 
standardised equipment ; 

(7) The establishment of a station for breeding larva-eating fish; 

(8) Drainage and other anti-larval work in the neighbourhood 
of stations of the transport services, inns, and health centres ; 

· (9) The erection of all new buildings in non-dangerous zones ; 

(10) The establishment of model hutments, protected by wire 
netting, for workers, and the supply of mosquito-nets to 
lorry drivers ; 

(11) The improvement of the conditions of life and of nutrition 
generally both for coolies and for the staff of transport 
undertakings. 

The primitive state of the native population (Shan tribes) along 
the most highly malarial sections of the Burma Road caused consi
derable difficulties in the investigations, but it was possible, never
theless, to establish that, of 480 clinical cases observed, 333, or 
69%, were due toP. jalcipa1·um; 126, or 26%, toP. vi·vaa;; and 21, 
or 4%, to P. malm'iae. 

The percentage of infection by P. falcipa1'1tm, moreover, reaches 
93% in marshy valleys, ·such as those of Mangshih and Chafeng. 

The endemicity rates were ascertained for children belonging to 
the local tribes. Of 627 children, 105 were found to be parasite
carriers, and 67 were found to have enlarged spleens. 

( 1) Bull. Healtl£ Org. 1937, 6, 895. 
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As a result of entomological studies, fourteen species of anopheles 
were identified, including six which are known to be vectors : 
A. tninimus, A. tnaculatus, A. jeyp01·iensis, A. cttlicifacies, A. hyrcanus 
sinensis, A. annula.ris. 

The study of the breeding-places of these various species was 
carried out with the greatest care, and 11172 dissections of anophell's 
were made, with the following aggregate results : 

A. minimus . . 
A. maculatus . . 
A. jeyporiensis. 
A. culicifacies . 
A. hyrcanus sinensis . 
A. annularis. . . . . 

Percentage 
of infection 

9.81 
7.14 
5.94 
3.84 
3.45 
1.57 

Of the two Chinese units financed by the League which were 
working along the Burma Road, one (under Dr. C. H. Tai) had 
headquarters at Muengmao, a village in Chinese territory to the 
north of the Burmese village of Namhkam, and was so situated that 
it was necessary to pass through Burmese territory to reach it from 
Yiinnan. Communications with this unit were therefore very long 
and difficult. During July, the headquarters of the unit were 
transferred nearer to theBurmesefrontieratLueng-Tao, in connection 
with plague prevention work. 

Though the main aim of this unit was to combat malaria, it 
had, in order to gain the confidence of the primitive population 
unaccustomed to Western ideas of medicine, to undertake a large 
amount of minor medical work and to attend to all who asked for 
its help. Treatment was given to the following numbers of malaria 
patients: 

June .. 
July . -
August. 
September 

33 
1,081 
2,903 

622 

October .. 
November. 

691 
844 

6,174 

The second unit, under Dr. C. Jung Sun, was first installed at 
Chafeng, on the Burma. Road, some distance from the frontier. 
Its aim was more particularly to prevent malaria among the workers 
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and Government transport staff operating the lorry services along 
the road. The number of individuals who received prophylactic 
doses of quinine from June to December 1939 was 51901, and the 
number of patients treated for malaria 8,168. 

Later, in view of the plague situation, the unit was moved to 
the frontier station of Wanting, where, while continuing to deal 
with malaria, its principal work was the establishment of a plague 
quarantine service. .As in the case of the first unit, a large amount 
of ordinary therapeutic work had to be done for reasons of expediency . 

.A. systematic study of malaria was also carried out in an entirely 
different region by Dr. Jettmar, whom the Weishengshu requested 
to undertake a malariological investigation in the Chungking district. 
This investigation was conducted in collaboration with the staff of 
six health stations, and included clinical studies, systematic exami
nations of the blood of patients, the determination of the spleen 
index in school-children, and entomological studies. 

Of 921 patients examined, 750 cases were found to be positive, 
with 643 cases of P. vivax, or 86%; 71 cases of P. falcipa?'1t?n, or 
9% ; 33 doubtful cases, or 4% ; and 3 cases of mixed infection. 

The examination of 359 school-children showed 169 palpable 
spleens -i.e., 47%. This examination was carried out in twelve 
different schools, the minimum observed being 37% and the 
maximum 57%-

Of 4,816 mosquitoes caught, 4,623 were culex and 193 were 
anopheles. .Amongst the latter there were found 53 .A. minimus 
and 139 .A. hyrca?tus sinensis - i.e., 28% and 72% respectively. 
Dr. Jettmar undertook a detailed study of the breeding-places 
and made laboratory experiments on the destruction of larv~e by 
their natural enemies (the larv~e of dragonflies, water-spiders, etc.), 
by means of a c~lloidal suspension of powdered pyrethri radix and 
by motor-spirit. Details of these experiments are given in his 
special reports. 

(b) Oholera. 

It would appear that the centre of origin of most of the cholera 
epidemics in Central and South-West China is to be found in Hunan, 
where an outbreak was studied in 1938 by Dr. Robertson and 
Dr. Pollitzer. In 1939, as in previous years, it was from this Hunan 
focus .that cholera spread to the province of.Kweichow and, from 
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there, owing to the new and rapid means of communication, to the 
province of Yiinnan. Cholera centres were also reported in the 
north of Kwangtung. The valley of the Yangtze from Chungking 
to !chang was also the seat of a somewhat serious epidemic. 

Dr. Pollitzer, early in 1939, studied the cholera epidemic at 
Yuanling, a town situated on the River Yuan, whose valley appears 
to constitute the reservoir of cholera viruses in Hunan. . ·when 
Dr. Pollitzer arrived there, 101 confirmed cases had been treated at 
the isolation hospital, whilst, at Changteh, some 50 cases had been 
observed amongst the population. In these two centres, and in 
various other towns which he visited, his work included the organi
sation of stations for the purification of river-water (often by the 
simplest means : viz., the addition of chloride of lime direct to the 
water-carriers' pails) and the establishment of wide-scale vaccination. 

Circumstances were by no means favourable for the collection 
of exact statistical information, but the number of cases officially 
reported in Hunan was 1,000. 

In June, cholera reached Kweiyang, having been carried there 
by a traveller who came from Yuanling. The number of known 
cases at Kweiyang exceeded 800. From Kweiyang, the disease 
reached most of the places situated on the Kweichow Province 
roads, and from there spread into the province of Yunnan. 

In July, Dr. Pollitzer made a study of the river water at 
Kweiyang. Twenty specimens examined showed somewhat alkaline 
pH varying from 7.9 to 8.3. In eight of the specimens, Dr. Pollitzer 
demonstrated the presence of non-agglutinable vibrios of the cholera. 
type, the vibrio being found in pure culture in one of the samples. 
In a. ninth sample, he demonstrated the presence of a vibrio showing 
slight agglutinability disappearing after a few passages. 

During the month of .August, Dr. Pollitzer studied the cholera. 
situation on the road from Kunming to Kweiyang, and proved the 
existence of foci in six intermediate stations and, at the same time, 
he gave every assistance to the local health services in stamping 
out these foci, which were threatening Kunming. Cholera had, 
indeed, made its appearance at Kunming about the middle of July, 
the case being that of a lorry-driver who came from Kweiya.ng; 
but the epidemic was to spread chiefly during .August, September, 
and October, with a total of about 500 known cases and a death-rate 
varying from 35% to 40% at different periods of the epidemic. 
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There is no doubt that the real number of cases was considerably 
greater. 

A detailed study of the topography of the epidemic was made, 
and an investigation was carried out .concerning the source of the 
drinking-water used by the patients. A campaign for the disinfection 
of wells was undertaken, and also a door-to-door vaccination cam
paign, which covered 57,000 persons out of a total population of 
about 200,000 . 

.Apart from Kunming, cholera was reported in some twenty 
centres in the province. The situation became particularly dis
quieting when t.hc epidemic reached an important centre situated 
on the railway {Yilang). .At that time {late .August and early Sep
tember), Dr. Pollitzer made a study of the situation all along the 
line and, with the collaboration of the Chinese authorities and the 
railway staff, he carried out epidemiological investigations and 
made bacteriological examinations · of the drinking-water in the 
chief stations. 

Subsequently, with the object of constituting a basis for study 
that would be available should cholera make a. fresh appearance 
the following year, Dr. Pollitzer made a study of the drinking-water 
at KWiming. Ire examined thirty samples taken from different 
sources. On the whole, the water from the wells showed a relatively 
low pii, dropping as far as 6.9, whereas water from rivers and lakes 
and from piped supplies constantly showed a pii of over 8. Bacte
riological examination revealed the presence of B. coli in all cases. 
In no case was the presence of the cholera vibrio demonstrated. In 
this connection, it should be noted that the examinations were 
carried out during a very cold season. 

Dr. Jettma.r dealt with the question of cholera in the Yangtze 
valley from Chungking to !chang. In several places on the river 
bank, particularly !chang and Wanbsien, be was able to demonstrate 
the existence of epidemic foci and to furnish bacteriological proof 
of the nature of the disease. .At the request of the Weishengshu, 
be was called upon to give the requisite advice for the organisation 
or reorganisation of isolation hospitals in different localities. His 
laboratory, which at that time was installed in the Chungking 
Municipal Hospital, devoted part of its activities to the bacteriological 
diagnosis of cholera. in samples sent by the different public and 
private hospitals of the region. 
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Statistical information concerning the epidemic in Central China 
was furnished by M. Landauer. He estimated that, in 1939, 1,087 
cal!es were observed in Hunan, with 251 deaths. The epidemic 
would appear to have been more widespread but less intense than 
in the previous year. In that province alone, vaccination would 
seem to have covered nearly 4 million persons. 

In Kwangsi, also according to information collected by 
M. Landauer, the epidemic appeared about the middle of ·June, 
simultaneously in different towns, and increased in intensity until 
about the end of July, afterwards waning. Aggregate figures are not 
available, owing to the peculiarly difficult conditions prevailing in 
this province. .All that is known is that about 500,000 anti-cholera 
vaccinations were effected. The epidemic made its appearance 
about the middle of July at Kweilin, where some 100 cases were 
observed. Energetic measures for the disinfection of drinking-water 
were taken at that time by the sanitary engineering unit maintained 
by the League of Nations. An extremely severe epidemic was 
observed at Chuenchow, a small town on the frontier between 
Hunan and Kwangsi, where, out of 30,000 inhabitants, as many as 
50 deaths a day were recorded. There, too, the sanitary engineering 
unit devoted its efforts to the disinfection of drinking-water and 
other anti-cholera measures. 

(c) Plague. 

Plague is endemic in the north of Burma among the Shan tribes. 
During 1939, the movements of population in connection with the 
opening of the new road to Burma and the importation of labour 
into the frontier area resulted in a severe outbreak of plague at a 
point in Burma close to the Chinese frontier (N amhkam). From May 
to September, 45 cases were observed in Namhkam, with 33 deaths. 

Dr. Robertson and Dr. Dorolle were consulted by the Weishengshu 
as to the measures to be taken and, after a local study, expressed 
the view that at the time there was relatively little danger of plague 
being introduced along the Burma Road, the goods imported into 
China not being of a character to harbour rats or fleas. The position 
would, however, change if and when the road was used to transport 
rice, textiles, etc. Danger appears to lie along the old caravan routes 
and, while the League experts urged the advisability of establishing 
a quarantine service at the beginning of the Burma Road, they 
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emphasised the necessity for specially careful anti-plague supervision 
over the district of Teng-Yueh, which constitutes the end-point of 
an important caravan route from Bha-Mo in Burma. Further, as a 
precaution, it was recommended that mobile laboratories specially 
equipped for the diagnosis and control of plague should be created. 

The Chinese unit maintained by the League at Lueng Tao carried 
out 2,054 vaccinations against plague from .August to November 
1939. In addition, the unit nmde an active propaganda among the 
Burmese and Shans by means of illustrated leaflets drawn up in 
several languages, explaining the nature of plague and the part 
played by rats and fleas .. This action was supplemented by visits 
from village to village (about twenty villages being visited each 
month) and by demonstrations at markets. 

The Leagtie unit stationed at Wanting carried out quarantine 
work, consisting mainly in the examination of vehicles crossing the 
frontier and the vaccination of passengers, particularly during the 
period when the epidemic was most severe in Burma . 

.An idea of the extent of the traffic passing over the frontier may 
be obtained from the following figures : 

.August .. 
September 
October. 

(d) Smallpox. 

Number of 
vehicles entering 

789 
1,006 
1,113 

Number of 
passengers 

1,283 
1,514 
1,740 

Number of 
vaccinations 

1,581 
1,681 
1,204 

Throughout the year, large quantities of smallpox vaccine were 
regularly supplied to the Weishengshu. 

During the latter part of the year, Dr. Pollitzer was engaged in 
the control of a widespread epidemic in Kweichow. 

(e) Typk'U8. 
During 1938, ProfessorMooser did a large amount of work in con

nection with typhus in theN orth-West, particularly amongst refugees, 
and his work was continued in the first half of 1939 by Dr. Jettmar. 

(f) Relapsing fever. 
In addition to field work, Dr. Jettmar did a considerable amount 

of research investigation in comiection with relapsing fever and in 
the serology of this disease. 
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. M. Landauer also, during his tours, especially in the refugee 
camps, was engaged in the control·of relapsing fever and in delousing 
work. 

Supplies for the treatment of relapsing fever were furnished by 
the League, including 15,000 doses of ·novarsenobenzol. 

(g) Goitre. 
Goitre is prevalent in all the mountainous· districts of Southern 

China, and more particularly in the province of Yiinnan, whe1•e it 
constitutes a serious social problem. In . certain remote valleys, 
percentages as high as 80 or more are not infrequent. The endemic 
incidence is particularly ·high in the ·district through which the 
Burma Road runs, and Dr. Robertson had occasion to study it·while 
cari-ying out · his investigations in connection with· ·malaria. 
Dr. Robertson's observations are recorded in detail· ·in his special 
reports; 

As a preliminary step, a,. Yunnan. "Anti-goitre Association" 
was. formed, comprising representatives ,of the Govern,or ·of the 
Province, the Salt Monopoly Administration, the Provincial Health 
Director, the Chinese ~ed Cross CoJ:1llllittee, and the Epidemic 
Commission of the League of Nations. Subsequently, a programme 
of enquiry was drawn up for seven selected districts in the province, 
and action was underta~en in two directio~s. 

In the first place, the Salt Monopoly A~nistration, urged on 
by a particularly enlightened Director, undertook the difficult .task 
of incorporating sufficient quantities of potassium iodide ln. the 
native rock-salt which constitutes tlie sole supply of sodiUm chio~ide 
in Yiinnan. After many difficulties,· due to the prijnitive m:ethods 
of preparation; it was found possible,· through the ingetmity' of the 
Chinese engineers, to establish a ni.ethod by which,· after. slight 
alkalisation of the mother-liquors by sodium carbonate, a ·S!>luti~n 
of iodide is, introduced at the moment when the saline solution is 
~n t~e ,point of solidifying .in tl).e. primitive pans '!J.Sed for'.' making 
blocks of salt. . '.!;'his method is not perfect, b.ut, when 48 mg. of 
potassium iodide were added per kg. of salt, it was possible to 
recover 18-25 mg. from the blocks. This process is now adopted ill 
all the salt-mines worked by the Monopoly.· In addition, considerable 
changes in the method of manufacture are contemplated, and ·these 
will make the incorporation of the iodine ·Very much easier .. · · 
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·The second part of the programme of work provided for the 
prophylactic distribution of potassium iodide to school-children and 
university students. 

Dr. Robertson, in co-operation with the Provincial Health 
Administration, devised a simple method of distribution, which 
was described in a leaflet published in the Chinese language. 

A 25-cg. tablet is dissolved in the quantity of warm water 
contained in an ordinary rice-bowl (about 500 cc.). The children. 
arc given one Chinese spoonful- i.e., about 10 cc. - of this solution 
once a month. In this manner, they absorb about 5 mg. per month, 
a quantity well in excess of the daily need of ioc:line, which is estimated 
at only 0.04 mg. This ·simple method is now applied in a great 
number of schools and universities in Y\innan. Amongst the other 
medical stores, the League supplied 140 kg. of potassium .iodide,. 
which represents 28 million. monthly prophylactic doses for children. 

The Salt 1\Ion.opoly Administration ha,s also devoted a part of 
its profits to the purcha,sing of large quantities of potassium iodide 
for iodising the salt which it places on the market. It further con~ 
tributed to the general cost of the investigation into goitre and the 
propaganda campaign for goitre prophylaxis. 

NUTRiTION 

As a result of tl;le rise in. prices and the overcrowding in Kunming 
caused by the influx of refugees·, the nutrition. of the children suffered 
severely. A Committee wall .therefore formed with the aid of funds: 
from abroad, and Dr. Dorolle was appointed Chairman of the 
Medical !;lub-Committe~. · · . . 

On the lines of the action taken at Shangl!ai, the Committee 
established a numbe~ of centres for manufacturing and distributing 
soya milk, prepared according to the usual methods and provided· 
with the necessary mineral ingredients. 

NATI\)NAL EP;mEM;IC PREVENTION BUREAU 

Dr. Robertson, a member of the Scientific Training Council of 
the 'National Epidemic Prevention Bureau, placed a bacteriological 
assistant at the disposal of the Director of the Bureau for work 
connected with the standardisation of sera and vaccines, the pre
servation of cultures, and the training of the technical staff. During 
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the period in which Dr.· Robertson's assistant was responsible for 
the standardisation of production, the labora.tory produced more 
than s 200 000 cc. of va.ccine a.nd over 157,000 cc. of va.rious sera. 
In additio~, about 70,000 cc. of emulsions for agglutinations a.nd 
6 000 cc. of various a.ntigens were prepared, a.s well a-s large 
q~antities of diphtheria and tetanus formol toxoi'd. 

SIAN IsoLATION HosPITAL 

As stated above, the Epidemic Commission, at its meeting at 
Chungking, agreed to maintain the Sia.n Isolation Hospital in .view 
of the da.nger of typhus and relapsing fever a.mongst the refugees in 
this area. The staff consisted of a medica.! director, three medical 
officers, a. ma.tron, twelve nurses, seven ma.le nurses, six secretaries, 
and one pharmacist. 

The a.verage number of consultations was 651 per month, that 
of beds occupied daily 136 a.nd the average number of persons 
admitted 15 per da.y. 

During the first ha.lf-year, most of the persons admitted (nearly 
SO%) were suffering from relapsing fever. Typhus accounted for 
10% of the admissions; next came smallpox (6%) a.nd influenza. 
There were a.lso a. few ca.ses of diphtheria, scarlet fever, meningitis 
and typhoid fever. During the second ha.lf-year, typhus underwent 
the usual seasonal decline, a.nd relapsing fever fell to 20% ; 40% 
of the cases treated in hospital were due to typhoid fever, a.nd 30% 
to acute dysentery. No confirmed cases of cholera were admitted. 

As a result of the very intense air bombardments suffered by 
the city of Sian, the Isolation Hospital had to be moved in June to 
a. distance of about 10 km. from the town, leaving only a. consulta.tion 
and clearing station in the city. 

COLLABORATION WITH V Al!.IOUS· AGENCIES 

At the end of November, a. mission directed by Dr. L. L. Willia.ms, 
Senior Surgeon in the United Sta.tes· Public Health Service, wa.s 
sent to China to co-operate with the Na.tiona.I Hea.lth Adininistra.tion 
in the study of malaria on the Burma. Road. 

In the course of a number of meetings held at Kunming, 
Dr. Dorolle a.nd Dr. Robertson supplied this mission with a.ll the 
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documentary material in their possession regarding the epi<lemio
logical situation. In addition, the necessary arrangements were 
made to supplement the equipment of the mission and to organise 
accommodation for it at various points along the Burma Road. 

Friendly and close co-operation was constantly maintained 
between the League experts and the Chinese Red Cross Committee, 
particularly in regard to transport. Thus, all facilities were given 
to the convoys of that organisation in Kunming, and the League 
convoys received similar assistance in Kweiyang. 

On several occasions, the League mission served as an inter
mediary between the Chinese medical training establishments on 
the one hand and the university authorities of Indo-China and 
the Pasteur Institutes on the other hand. A number of schools of 
medicine were thus enabled to reconstitute their collections, to 
acquire educational material, etc. 

CONCLUSIONS 

It may be useful to consider how far the organisation created 
early in 1939 met the needs for which its help was sought and how 
far it was able to render the services required of it.· 

The system of independent units, adopted on the Chinese 
Government's own proposal in the autumn of 1937, met the require
ments of a period of disorganisation resulting from military opera
tions which had deprived China of her capital city. These units 
undoubtedly rendered excellent service with the greatest possible 
efficiency, since their efforts were concentrated, under the authority 
of a responsible head, in a limited area where all the means available 
were adapted to the object in view. 

Though, as an emergency measure, the system of units proved 
satisfactory, when conditions became more stabilised, certain defects 
of the system could then be noted. 

In the first place, the sphere of action of the units was too 
restricted. Secondly, the work tended of necessity to be carried 
out too independently and not always in the <Urection desired by 
the Central Government owing to the e-xtreme difficulty of main
taining close contact between the League units and the Central 
Administration. Lastly, " health expeditions " of this kind, though 
justifiable in a period of disorder, lost their justification when, after 
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the first shock the National Government had reswned control 
' . b over its various organisations and the latter had agam egun to 

function fairly normally. 
The system adopted by the Epidemic Commission in 1939 is, 

to some extent, a compromise between the formula of purely 
advisory technical collaboration and the formula of individual 
units of 1938. In theory, the League of Nations placed technicians 
in an advisory capacity at the disposal of the Chinese Government. 
In fact, and in entire agreement with the responsible organs of the 
Government, those technicians were given certain means of action 
of their own, a departure made necessary by the existing conditions. 
The disturbance caused by the war in a country undergoing rapid 
growth and intensive development, as is the case in China at the 
present time, made it impossible for the Government organisations 
to provide the League experts at all times and in all places with 
the means of transport and action required. 

Lastly, through the Epidemic Commission and through the 
maintenance of a representative of the Secretary-General in China, 
an organ was set up which was responsible for administrative and 
financial matters and could, in certain urgent cases, take the 
necessary authoritative measures on behalf of the Secretary-General. 
This successful formula was entirely in accordance with requirements, 
since it relieved the other experts of details of administration, 
enabled questions to be settled rapidly on the spot, and simplified 
correspondence. 

Thus, the organisation as conceived enabled the technical experts 
to carry on their advisory duties in full liberty and made it possible 
for them at all times to render the widely varying services which 
the Chinese Health Administration expected of them. 

In short, it may be said that the organisation which the Epidemic 
Commission set up, in agreement with the Chinese authorities, 
proved. technically and administratively satisfactory and, at the 
same time, was found to be sufficiently elastic to adapt itself to 
changing and difficult circwnstances.. The Chinese Government 
has, moreover, expressed its appreciation of the work of the League 
experts. 

··· .. ~·~~--
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THE PREVENTIVE VACCINATION OF DOGS 
AGAINST RABIES 

A CRITICAL REVIEW 

by 

R. GAUTIER 
Health Section of the League of Nations Secretariat 

The present study was undertaken, despite the difficulties of 
the moment, in response to the desire expressed by the Health 
Committee of the League of Nations in November .1939. .At the 
outset, we decided not to deal with the vaccination of dogs after 
they have been bitten- this being an exceptional curative measure 
which is held in anathema by veterinary surgeons and for which 
there is no place in the sphere of public health - and to consider 
only vaccination before a bite. The latter is a really preventive 
measure which is of importance to hllll).anity since its object is to 
lessen and, ultimately, to remove the risk of contamination of 
man from dog bite. 

This critical review, which is, in fact, much more a review than 
a criticism, is based, on the one hand, on a bibliographical study 
of the subject an.d, on the other hand, on the information kindly 
_furnished by the directors of a series of institutes wb,ere canine 
vaccination is applied. 
. We .have approached the questton from i~ experimental and 
practical angles, and this has provided the material for the two 
chapters which make up this study. 

I. EXPERIMENTAL WORK 

The .. experimental basis on ~hi~h the preventive vaccination 
'of dogs rests is very slender. One has only to consult the papers 
which have appeared since l920 to realise this .. The results they 
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embody caiTy little weight because they are drawn from too small 
a number of experiments. They are, moreover, often discordant 
and even contradictory and they admit of no comparison since 
experimental conditions were not similar. These results are, for 
the most part, already out. of date, and they have also frequently 
been quoted and commented on (1). .Accordingly, we need not 
analyse them again, for this would afford no argument, either for 
or against canine vaccination, which has not already been advanced. 
Let us rather seek to ascertain the reasons that might serve to 
explain the divergences and the lack of comparability. 

The vaccines used in experiments on preventive immunisation 
of dogs are of very varying types : dried cords, dilutions, killed 
viruses, viruses attenuated to varying degrees by the action of 
phenol, ether, formol, chloroform or yatren. It is therefore not 
surprising that differences should have been noted in the antigenic 
value of these vaccines. But, even if account is taken only of data 
relating to one single type of vaccine, the results are still divergent. 
This Jemark applies, in particular, to the glycero-phenolised 
vaccine of the Japanese type which is still under discussion, the 
point at issue being whether an animal can be immunised or not by 
means of one single injection of vaccine. Japanese scientific workers 
answer this question in the affirmative. This opinion prevailed 
at first, but subsequently proved untenable in the light of further 
experiments. In a recent analysis of the attempts made to immunise 
dogs by a single injection, WEBSTER (2), who took into account 
only those experiments which complied with certain criteria, found 
them inconclusive. Some results are frankly negative, others 
are doubtful. .As for those which are positive, they are in direct 
contradiction to a whole series of earlier findings. Nevertheless, 
the Japanese glycero-phenolised vaccine, the prototype of vaccines 
requiring only one inoculation, has been used on millions of dogs, 

(
1
) See: LUBINSKI and PRAUSNITZ, Ergebn. der Hyg., 1926, 8, 127; 

V~iB: 1927, doc. L.o.N. C.H. 531; [HuTYRA, Bun. Office intern. des 
E~ootu:s, 1927/28, 1, 475; KRAus and SCHWEINBURG, Hanulb. iler Path. 
M;ikrotn'g., 1930, 8, 756; SCBNtiRER and DAVID, Ergebn. iJer Hyg., 1930, 1, 
~5~; BISANTI, Bun. Office intern. des Epizooties, 1931/32, 5, 121; KONDO, 
tbid., page 131. 

(
2
) American' JZ. of Hyg., 1939, 80, 113, 
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and with results that are sometimes very striking ! There is thus, 
between the data. furnished by the laboratory, on the one hand, 
and practical application, on the other, a. contrast which is, to say 
the least of it, disturbing. 

It seems obvious that a relationship can be established between 
the degree of attenuation and the differences noted in the immunising 
power of glycero-phenolised vaccine. During the first experi
mental period, this vaccine was prepared according to Umeno's 
method~ that is to sa.y, it retained the power of infecting the rabbit 
by subdural injection. Later, in view of the risk that might attach 
to the use of a vaccine still possessing a certain degree of virulence -
the repugnance shown in some countries with regard to anything 
that might resemble a live vaccine is well known - a start was 
made at experimenting with a phenolised vaccine, rendered avirulent, 
which was still called "Japanese vaccine" although it no longer 
bore anything more than a distant resemblance to Umeno's original 
vaccine. The experimental results have, indeed, been different 
according to whether the vaccine used was virulent or killed. 
For example, UMENO and Doi (1) in 1921 - soon followed by 
EICHHORN and LYON (2) - had succeeded, with a single injection 
of phenolised vaccine, attenuated but still retaining a. certain viru
lence, in protecting the dog against the intraocular introduction 
of street virus, whereas BARNES and his collaborators (3)1 using 
in 1934 an avirulent phenolised vaccine and the subdural or intra
ocular route for the introduction of the test virus (street virus), 
met with nothing but failures. Similarly, WEBSTER and OASALS (4

)1 

in quite recent experiments, did not succeed in immunising either 
the mouse or the dog against intramuscular injection of a passage 
virus by using commercial phenolised vaccines administered in one 
injection and no longer containing any live virus. 

For canine vaccination, as for the preventive treatment of 
man, one has to face the following dilemma. : should one use live or 
killed vaccine t This question is important ; it is one that exercises 
the minds of all rabiologists and, at the request of the Health 

(1) Kitasato .Arck. Ewper. Mea., 1921, 4, 89. 
(I) JZ • .Amer. Vet • .Assoc., 1924, 64, 690. 
(3) Ibid., 84, 740. 
(4) JZ. of Ewper. Mea., 1940, 71, 719. 



272 VACCINATION OF DOGS AGAINST RABIES 

Committee of the League of Nations; DR. PROOA and DR. BOBES (1} 

have once more resumed the study of it. 
Whatever view may prevail, it cannot be denied that the 

modifications introduced in the original glycero-phenolised vaccine 
have not made comparison any easier. It may even be that these 
modifications are responsible for the divergences that have been 
noted. 

There is, however, a further factor of uncertainty, viz. : the diver
sity of the tests which have been employed for estimating the 
resistance conferred on the animal by the vaccine. The severity 
of these tests has varied greatlY' according to the nature and the 
dose of the test virus used (fixed or street virus}, and according to 
the method of its introduction (subcutaneous, intramuscular, intra
ocular, intralingual or intracerebral}. The failure of certain 
vaccines has been explained by blaming the excessive severity of 
the tests to which they were subjected. How, then, does the matter 
actually stand ! 

If the test virus is introduced subdurally, the results, taken 
as a whole, are negative : the animal dies. There are, indeed, 
a few exceptions, such as PASTEUX's (2) classical experiment
in which 5 dogs treated with attenuated cords all resisted a subdural 
injection of street virus- and the survivals observed by KELBER (3) 

with the use of chloroform-treated vaccine, by STUART and 
'KBJ::KORIAN (4} with phenolised vaccine, and by OKUWADA (5) 

with vaccines of various types. But these are all isolated results 
which it has not been possible to reproduce. 
· It has, furthermore, not been proved that the dog can survive 
the intraocular injection of virus, CUNNINGHAM and MALONE's (6} 

experinlents not being conclusive. · 

. If, on the other hand, the introduction of the test virus is 

.effected peripherically, the vaccinatiid animal· may resist, as was 

· (
1

) Bun. Health Org., 1940, 9, 79. 
(:) Jl. ojjic. de la IUp. Fr., 1884, 8 aout, page 4228. 
( ) J! . .Americ. Vet • .Assoo.; 1930 77 595 .. ·. 
(') JZ ' J • •• • ' • of Hyg., 1929, 29, 1. : , . : . \, 
(:) Kitasato .Arch. Ezper. Med., 1933, 10, 279. •, · 
( l Med. Res. Memoirs, Caleutta:,.l933, No, :26 .. 
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indisputably shown by a number of experimental workers· [FERliii (1 ), 

REMLINGER (2), HARVEY and ACTON (a), KELSER (4) and 
SHORTT (5)]. Hence, it has been proposed that, for the evaluation 
of the immunising power of a vaccine, the criterion adopted should 
be equivalent to the normal risk of infection as the result of a bite 
-i.e., the intramuscular route. The question therefore arises 
whether, for canine vaccines, all determinations of their efficacy 
which are not based on a peripherical test should not be rejected. 

In estimating the immunity conferred by a vaccine, it is not 
sufficient to take account only of the route by which the test virus 
is introduced. Its toxicity must also be considered, and this is a 
notion on which the information available is scarce. Whereas 
in serology attempts have long been made- as is shown by the work 
of the League's Permanent Commission on Biological Standardisation 
-to measure the activity of a toxin before bringing it into contact 
with the anti-serum, in rabiology, where the test virus may, to a 
certain extent, be assimilated to a :test toxin, the question of deter
mining the former's toxicity does not, so far, seem to have been 
considered. It would nevertheless be possible to conceive of a 
method by which a titre expressing its toxic power could be assigned 
to a test virus. If this were done, it would mean that a notion 
which is exact, because it is quantitative, would for the first time 
be introduced into the sphere of canine vaccination and valid· 
comparisons would at last be made possible. It is therefore interesting 
to note that the research work in the field of anti-rabies vaccination 
which has been carried on for four years by WEBSTER and his 
co-workers at the Rockefeller Institute for Medical Research in New 
York is in fact directed towards measuring biological properties, 
since its object is to devise a method by which it may be possible 
to arrive at a quantitative determination of the immunising value 
·of vaccines. 

To achieve this object, the first step was to find an experimental 
animal which would be highly receptive to rabies and ·woul~ react 

- . 

(1) Zeitschr. f. Hyg. u. b~fektionskr., 1908, 58, 233. 
(2) Ann. Inst. Pasteur, 1919,.33,. 616. · ·: 
(a) India?~ JZ. JJ{ed. Res., 1923, 10, 1020. 
(') JZ. Americ. Vet. Assoc., 1930, 77, 595." .'· 
(&) Indian JZ. ;lled. Res., 1935, 22;- 537. , 
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to infection in a. sufficiently uniform manner. The choice fell on a. 
strain of mice of Swiss origin whose sensitiveness to the ra.bic virus 
is ten times greater than that of the guinea-pig, the rabbit or the 
dog. It was then possible to define the minimum lethal dose (M.L.D.) 
of a. given virus by injecting into the brain or the ga~trocnemius 
muscle of these mice successively weaker dilutions of this virus. 
When the stage had been reached beyond which less than 50% of the 
animals succumbed, the dilution which gave that result was regarded 
as containing one ~LL.D. (WEBSTER (1)]. Then it was proved that 
the mice in question could be strongly vaccinated since a single 
intraperitoneal injection of 10,000 intracerebral M.L.D. enablecl 
them to resist the introduction into the brain of 1,000 ff!.L.D. 

All the necessary elements are now available for a. quantitative 
assay of the immunising properties of a canine vaccine. The 
technique will be to inject into mice by the peritoneal route one
eighth of the dose of vaccine which is prescribed for the dog and to 
test the resistance of these mice after three weeks - when the 
immunity will have attained its maximum - by injecting into the 
muscles of the neck dilutions of virus containing an increasing 
number of intramuscular M.L.D. The immunity conferred will be 
expressed by the number of M.L.D. contained in the dilution of 
virus which causes the death of less than 50% of the mice. 

It was necessary, however, to ascertain whether there was any 
parallelism between the results of the assay carried out on the 
mouse and those that would be obtained by using the dog a.s a.n 
experimental animal. WEBSTER (2) wa~ able to show that these 
results were identical and that, consequently, the mouse test could 
be used for measuring the immunising power of a vaccine in regard 
to a. dog. This process, moreover, has already been employed by 
WYCKOFF and BECK (3) for the titration of commercial vaccines; 
In this connection, BABEL (4) enquired what must be the number 
of M.L.D. by the moilse test against which an antira.bic vaccine 
should be able to furnish protection. In his view it is not yet 
possible to give a. final answer to this question. It ~ay, however, 

('-) .n. of Ezpi!T. Mea;., 1939, 70, 87. 
(
1

) Ibid., 1940, 71, 719. 
(
3

) .n. of ImmunoZ., 1940, 89, 17. 
(') PubZ. Healtll Rep., 1940, oo, 1473. 
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be agreed that, to be of value in clinical use, a canine vaccine should 
at least protect against 1,000 l:LL.D. in the mouse test. There 
are, in fact, certain vaccines which give protection against 501000 
li.L.D. 

There still remained one factor capable of affecting the compara
bility of the results of vaccination- namely, the diversity of the 
fixed viruses used for producing vaccines. These viruses are not all 
derived from the same strain of street virus. They may consequently 
possess dillerent properties. If they have a common origin, they 
may have evolved in dillerent directions, since fixity is not an 
absolute characteristic. For want of anything better, recourse has 
hitherto been had to emulsions of virus containing nervous substance, 
whether homologous or heterologous, and this is not merely useless 
but harmful, since certain post-vaccinal accidents are attributed to 
the presence of nervous tissue. In the autumn of 1936, however, the 
culture of the rabic virus was obtained by KANAZAWA (1) in Japan, 
and by WEBSTER and CLOW (2) in New York. The last-named 
authors use Tyrode solution to which has been added monkey 
serum and brain emulsion of mouse embryo. This medium is 
inoculated with a dilution of mouse brain removed one week after 
intracerebral virus inoculation. The number of passages now exceeds 
100, sub-cultures being made at intervals of three days. 

This culture virus offers the following advantages : it contains 
very little nervous substance, keeps for two months in the refrigerator 
or in a dry state and, what is still more important in our view, its 
virulence is uniform. Furthermore, it possesses a very marked 
immunising power since from 5,000 to 20,000 lethal doses in the 
mouse test, administered in a single injection, protected 14 young 
dogs out of 14 against an intracerebral M.L.D. of virus, whereas of 
the 11 control animals 9 died. 

There is still a further method of quantitative evaluation of the 
antigenic power of a vaccine, the possibilities of applying which 
have also been explored by WEBSTER (3). This is the aero-protection 
test on the mouse. Nevertheless, certain reservations must be made 

(1) Japan JZ. of ErJ;per. Meil., 1937, lo, 17. 
(2) Science, 1936, 84, 487. 
(3) .A.mer. JZ. of PubZ. Healtll,-1936, 26, 1207. 
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concerning the value of this method, for, as LEPINE (1) poin.ts out, 
the rabicide power of the serum, although it accompanies the state 
of immunity, cannot be regarded as a reliable test of the degree ~f 
inlmunisation. It may be that the rabicide antibodies play a. 
contributory part in the defence of the· organism. They are, 
however, merely an epiphenomenon in the establishment of immu
nity, which can exist without their presence and which persists long 
after their disappearance. 

It has seemed necessary to dwell somewhat on these recent 
researches because of the new horizons they open. up : possibility 
of giving a. numerical expression to the antigenic power of a vaccine 
and to _the toxicity of a virus ; production of a. uniform and stable 
virus possessing marked immunising properties and which, acting 
to some extent as a standard virus, may one day perhaps replace 
the fixed virus-brain emulsions with which we have had to be· 
satisfied hitherto. .As HABEL (2) emphasises, .the need is felt for a 
standard virus, possessing a high antigenic value, which can be 
used for the manufacture ·of commercial vaccines, both human 
and canine. There would then no longer be.a.ny excuse for putting 
on the market vaccines which do not possess the required immunising 
power. But, even if such a virus were distributed to all producing 
institutes, there would be no certainty that its properties would not 
change after a certain lapse of time. Hence the need for periodically 
checking it by ascertaining its specificity, its resistance to chcmica.I 
agents, its virulence when introduced subdurally and, above all, its 
immunising power as shown .by the mouse test. 

* * * 

~his ch~pter, which has been kept intentionally brief, reveals 
an 1mpress10n of uncertainty. The ground is not solid; it slips 
away at each step. Since the experiments are neither coherent nor 
conco~d~t, they should be taken up once ·more, if possible with 
quantitative techniques permittib.g of the comparison of results 
and based on the employment of better-defined biological agents: 

(
1

) Lea ultra.virus des maladies ku~1aines, 1938, -page 458. 
(
2
) Publ. Health Rep., 1940, 66, 16!9• 
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.A start baa already ·been made in this direction. · It must be per
severed with and confidence must be placed in the laboratory, for 
the problem does not . seem. to offer insurmountable difficulties. 
With skill and method it should be possible to overcome 
them. 

It seems to have been demonstrated that, under certain experi
mental conditions, the dog may be preventively vaccinated against 
rabies. But this is not enough. We want to know definitely 
whether or not it is possible to confer a sufficient degree of immuitity 
on the dog by means of a single injection of vaccine, no matter of 
what kind, provided its innocuity is certain ! It is on this that the 
whole problem centres, for, if it is to rank amongst sanitary police 
measures, the preventive vaccination of dogs must be easy to carry 
out. Preferably, therefore, it must be possible for it to be effected 
in a single operation. 

II. PRACTICAL .APPLICATION 

The holding-up of postal communications owing to the present 
crisis. :Qas somewhat handicapped the collection of data intended 
for inclusion in this chapter. Certairi information, such as that 
relating to the enforcement of the compulsory- vaccination of dogs 
in Venezuela and in Uruguay, could not be verified and has therefore 
been disregarded .. Hence, no claim is made to have deait exhaus
tively with the subject of the·present study, which has proved to 
be far-reaching.-

-The informati~n. collected is administrative, legal, statistical and 
technical in character. In most cases, no comments have been 
thought necessary; and we have preferred to leave the facts to speak 
for themselves. · 

1 . .AFIUOA: 

British East .Africa. 
In 1936, at a conference attended by representatives of the 

veterinary services of Kenya, Uganda and Tanganyika, the view 
was taken that, ill the present state of affairs, the introduction of 
compulsory canine vaccination was not.'desirable. Nevertheless, 
the conference recommended the continuation of the research work 
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undertaken in the laboratory at Kabete (Kenya) on the efficacy of 
an ether-treated vaccine obtained from sheep brain . 

.Algeria. 
The preventive vaccination of dogs was officially authorised in 

.Algeria. by the Presidential Decree of December 14th, 1929 (1). 

(1) The following is a. translation of the articles of this Decree which 
relate to the preventive vaccination of dogs : 
.Article 1. - In order to permit of more effective action against rabies, 

the preventive vaccination of dogs against this disease before a. bite 
shall be authorised throughout the territory of Algeria. . 

.Article 2. - For the purpose of such vaccination, the formolised anti
rabic vaccine prepared, according to the Plantureux process, by the 
Pasteur Institute of Algeria. shall be used . 

.Article 3. - None but veterinary surgeons shall be authorised to carry 
out this vaccination. 

Article 4. - The whole cost of vaccination shall be borne by the owners 
of the aninlals. The communes shall, however, be authorised to bear 
such cost for the purpose of enabling vaccination to be carried out on 
& wider scale in highly contaminated regions. 

Article 5. - After each vaccination, or revaccination, the veterinary 
surgeon shall issue a certificate taken from a counterfoil book. This 
certificate shall specify the name and address of the owner, and shall 
give a very full description of the dog. It shall be presented by the 
owner to the mayor of the commune, who shall affix his visa. thereon 
and shall enter it in a special register. The registration number shall 
be recorded by the mayor on the certificate. The certificate and the 
counterfoil thereof, on which the chief provisions of the present decree 
shall be reproduced, must also bear the signature of the owner of the dog • 

.Article 6. - All sanitary police meas~ at present in force shall remain 
so. The following modifications only shall be made in the regulations 
concerning the slaughtering of carnivorous animals after a bite. All 
carnivorous animals which have been bitten or mauled by a rabid 
animal, or which may have been in contact with such animal, shall be 
slaughtered immediately, on the order of the mayor, with the exception 
of dogs that have been vaccinated for the first time more than twenty 
days and less than one year previously or have been revaccinated less 
than one year previously. These dogs may be kept by their owners, 
at their own risk, provided, however, that the animals are revaccinated 
within a p~od of eeven days after the bite, failing which they shall be 
slaughtered m the same way as non-vaccinated animals. A certificate 
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The vaccine, prepared at the Pasteur Institute, Algiers, consisted 
at first of cerebral matter taken from dogs which had succumbed 
to inoculation with fixed virus, emulsified at one-tenth and then 
subjected for two weeks to the action of 4 per mille formol. This 
vaccine was considered to be avirulent : it was administered at the 
initial vaccination in two injections separated by an interval of 
three weeks, and subsequently once a year for safety. The dose 
administered varied between 10 and 30 cc. per injection, according 
to the size of the dog . 

.As some paralytic accidents were observed in 1931, the degree of 
dilution of the formol was brought to 6 per mille and the period of 
contact increased from seven to fourteen days. Furthermore, before 
being used for the preparation of the vaccine, the brains were kept 
for a few days in a mixture consisting of equal parts of saline and 
glycerine. Lastly, the Algiers virus, inoculation with which had 
on various occasions produced in dogs encephalitic symptoms much 
more nearly resembling rabies from street virus than rabies from 
fixed virus, was replaced as from 1932 by the virus witl1 an exclusively 
paralysing action which is used by Remlinger at Tangiers. 

Since then, vaccination has been continued without accidents, 
the total number of dogs inoculated between December 1929 and 
July 1940 being 33,500. 

Three failures were recorded : these were ca,ses of dogs which 
hil.d been contaminated without the knowledge of their owners and 
which had not been revaccinated after the bite, as required by the 
terms of the decree mentioned above. 

From the point of view of collective prophylaxis, mention should 
be made of the decision taken, in 1932, by a commune (Hussein Dey) 
in the suburbs of Algiers to bear the cost of the immunisation of 
dogs. Nearly all the dogs in the commune were then vaccinated 
or revaccinated, and this led to a rapid decrease in the number 

of revaccination, valid for a year, shall be issued by the veterinary 
surgeon carrying out the inoculation, and a declaration shall be made 
to the mayor of the commune 11.11 specified in Article 5. 

Furthermore, such dogs shall remain for four months under the 
supervision of the sanitary service and, during that period, they shall 
not be allowed to go out on the public highway unless they are both 
held on a leash and muzzled. · .. : ·',... 
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of persons obliged to undergo the Pasteur treatment, as is shown 

in the following table : 
OonmlU!UI of Hussein Dey. 

Year 
1931. ........ . 
1932 (introduction of canine 

vaccination) 
1933. 
1934. 
1935. 
1936. 
1937. 

1938. 

Number of 
persons treated 

72 

43 
4 
1 
0 
0 
2 (bitten by a non

vaccinated dog) 
0 

Three neighbouring communes very soon followed this example, 
after calculating that it would be cheaper to vaccinate the dogs 
than to have to bear the cost of preventive treatment of such 
natives as might be bitten. In 1939, three other communes also 
made arrangements for free canine vaecination. 

PLANTOREUX (1) considers that the experience of Hussein Dey 
shows that, even in Algeria, where rabies is frequent and where 
stray dogs abound; it is possible, through a widespread application 
of preventive vaccination, in conjunction with sanitary police 
measures, if not to bring about the complete disappearance of 
rabies, at any rate to reduce its frequency in a very great degree. 
The measure was very well received by the owners of dogs and has 
never given rise to the slightest objection. 

As the number of persons treated at the Pasteur Institute at 
Algiers has continually decreased during the past three years, 
the question could be raised whether this phenomenon should not 
be regarded as being connected with the widespread application 
of canine vaccination. In order to answer this question·;-Professor 

. Ed. SERGENT, Director of the Pasteur Institute, has been good 
enough to ascertain,. on the one hand, the number of cc. of vaccine 
is~ued eaeh year since 1930 for the . preventive immunisation of 

' 

(
1
) Acta Oonv. Tert. de Tropicis Morbis, 1938, i, ·612. 
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dogs, and, on the other hand, the number of persons who have 
undergone the Pasteur treatment. · In his opinion, it is impossible, 
for the moment, to draw any conclusion from a comparative study 
of these figures. 

Gold Coast. 

Owing to the frequency of rabies in this colony, and in order to sup
plement sanitary police measures, the preparation of a canine vaccine 
was undertaken in 1936 by the Pong-Tamale Veterinary Laboratory. 

At the outset, difficulties arose in connection with the strains 
of virus, one of which was obtained. locally and the other two from 
Nigeria ; these could not be fixed on the guinea-pig or the sheep, 
the incubation period growing continually longer. By using a strain 
that came from Dakar, it was possible to overcome this difficulty. 

The vaccine is a 5% fixed virus-sheep brain emulsion in saline 
phenolised at 6 per mille. It is kept for a month in the refrigerator 
before use, so that the virus shall be rendered completely inactive. 
The immunity it confers lasts for about a year, as has been shown 
by tests effected by the intraocular or intralingual route. 

Since 1938, at Accra and in townships of any size, discs for 
dogs are issued only on presentation of a certificate of vaccination, 
the price charged for the latter being 2s. 6d. 

Only one failure has been reported, and that was in the case of 
a dog treated during the incubation period. 

In 1938, 1,476 doses of canine vaccine were prepared by the 
laboratory of the Depat·tment of Animal Health. No more vaccine 
is produced than is strictly necessary, as the ma.nufactuie is consi
dered to be " dangerous aud unpleasant " ! 

Morocco. 
As has been shown by the Chief of the Stock-breeding Service, 

Morocco, sanitary police measures, such as compulsory notification, 
slaughter, muzzling and discs, were almost useless against the 
" douar dog " (1 ), which is a definite reservoir of rabies virus. 
On the other hand, the statistics of .the Pasteur Institute at 
Casablanca showed t.hat, in a high proportion of cases, human 
beings were contaminated ·by dogs that were known- that is to 

(') Dog kept by the nomadic Bedouins for the protection of their flocks. 
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say dogs that had masters. If, therefore, the owners had their 
do~ vaccinated, the latter could no longer serve as intermediaries 
for the transmission of virus as between the douar dog and ma.n. 

But the legislator had to be convinced of the advantages of 
canine vaccination, for this measure would have remained a dead 
letter if vaccinated dogs had not been exempted from the rigorous 
measures in force in case of contamination. Following on expe
riments carried out in Morocco itself, the value of canine vaccination 
was officially recognised in a Vizirial Order of July 17th, 1928 (1 ), which 
prescribes the conditions on which dogs that have been vaccinated 
and are suspected of contamination may be exempted from slaughter. 

The vaccine officially used was, until 1937, the ether-treated 
virus described in 1918 by Remlinger, and prepared at the Pasteur 
Institute, Tangiers. The brains of two rabbits which succumbed 
to the fixed virus - brains which the laboratories usually discard, 
the cords only being used for the treatment of man - are immersed 
in ether, remaining so immersed for twenty hours for the " first 
vaccine" and fifteen hours for the "second vaccine ". The nervous 
substance thus treated not only retains its immunising power 
but also becomes friable and mixes very readily with water. Each 
brain is then emulsified in 40 co. of normal saline, or of saline for
malised at 1/1,800. The vaccine keeps for seven days in summer 
and for from eight to ten days in winter. 

For the preventive treatment, the first vaccine is administered 
by means of two .injections of 20 cc. ; the second vaccine is injected 

(
1

) The following is a translation of the article in this Order which 
relates to the vaccination of dogs : 

.Article 1. - To supplement the provisions of Article 5 of the Vizirial 
Order of July 29th, 1927, any dogs suspected of contamination with 
rabi~e, ~hich, less than a. year previously, have undergone preventive 
vaccmation by a method approved by the Director-General of .Agri
culture, Trade and Colonisation, on the advice of the Chief of the Stock
breeding Service, may, on the written application of their owners, be 
exempted from slaughter. Owners are required to present their animals 
for a. fresh immunisation within a. period of ten days after contamination. 
They mnet undertake not to part with them and not to remove them 
from their usual residence during a. period of six months. . 

The preventive vaccination of dogs against rabies may be carried 
out o~y by a veterinary surgeon approved by the Chief .of the Stock
breeding Service. 
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twenty-four hours a.fter, in a similar way. For revaccination, 40 cc. 
of the second vaccine are inoculated. 

The large number of applications for vaccine made it necessary 
to substitute the dog for the rabbit as the source of supply of virus. 
The brain of a rabbit weighs from 6 to 8 grammes, that of the dog 
from 60 to 90 grammes - that is to say, the dog takes the place of 
ten rabbits. This substitution is, moreover, entirely advantageous ; 
it facilitates the brain extraction and, if the homologous nervous 
substance produces reaetions, which is rarely the case, they are 
always much less marked than those which are produced by the 
nervous tissue of the rabbit. 

There is, however, one disadvantage of a practical character 
connected with the use of the etherised vaccine - namely, 
the fact that it keeps for such a short time. Accordingly, from 1937 
onwards, Morocco adopted a phenolised vaccine perfected by 
Remlinger. This vaccine, which is completely killed, since it has no 
effects on a rabbit when introduced subdurally, consists of a 5% 
fixed virus-dog-brain emulsion in 1% phenolised water, inactivated 
at 37° C. These phenolised emulsions are used in much the same 
way as the ether-treated virus,- i.e.; four 20-cc. ampoules for 
vaccination, and two ampoules for revaccination. Veterinary 
surgeons can obtain the quantities of vaccine necessary for these two 
types of treatment on payment of 4 and 2 gold francs respectively. 

The following table shows how the number of vaccinations and 
revaccinations effected annually increased between 1928 and 1938 : 

Number I Number Type 
of dogs and cats of dogs of 

Year vaccinated revaccinated vaccine 

1928 234 Ether-treated virus 
1929 519 64 , 
1930 496 163 , 
1931 856 204 , 
1932 879 417 , 
1933 669 503 , 
1934 671 436 , 
1935 715 525 , 
1936 827 555 , 
1937 1,251 727 Phenolised vaccine 

1938 1,058 863 , 
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Reviewing the results obtained from 1928 up to the end of 
1936 with the use of ether-treated virus, REMLINGER and BAILLY (1 ) 

state that the failures with this method and the paralytic accidents 
to which it gave rise "may be counted on the fingers of one hand ", 
-that is to say, they are practically nil. As regards the phenolised 
vaccine used from 1937 onwards, it has not produced a single paralytic 
accident, but there is one failure to be recorded against this method. 
This was the case of a sheep-dog vaccinated in May 1938 which 
developed typical rabies in November of the same year withoutits 
being possible to ascertain how it had been contaminated. The virus 
isolated was " reinforced " as compared with the street viruses 
'ilsually observed in Morocco. 
· Vaccination has not been made compulsory in Morocco except 
in the case of the watch-dogs kept by the various military units of 
the Protectorate, in regard to which it is carried out in accordance 
with a circular, dated December 22nd, 1930, issued by the General 
Officer commanding the troops in Morocco. 

In the Spanish Zone, on the other hand, vaccination is compulsory 
and dogs are not allowed to enter the territory unless their owners 
can present a certificate showing that the dogs have been vacci
nated within the year. 

We have tried to ascertain whether the number of persons treated 
at the Pasteur Institute of Morocco (Rabat, and subsequently 
Casablanca) had decreased since the introduction· of the optional 
vaccination of dogs. · 

Number of persons who underwent the Pasteur' treatment. 
Rabat · Casablanca 

1929 . . . 443 1934 
1930 . 990 1935 
1931 . 1,007 1936 
1932 . 754 1937 

1938 

999 
1,031 
1,217 

880. 
673 

Thong~ a red~ction iil observed after 1937, it would be pre~ature 
to regard .tt as Significant. 

(') .lllaroc 11Udical, 1938, 18, 243. 
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Nigeria. 

The widespread· development of rabies, more particwarly .in the 
Plateau Province, from 1930 onwards, led the health authorities 
to resort to the vaccination of dogs. In 1934, the Vom Veterinary 
Laboratory tried to fix a local virus for the purpose of preparing 
a vaccine, but this virus lost its infective power after eleven passages 
in the case of dogs, and after four passages in the case of rabbits, 
whereas it remained virulent for goats and sheep. · · 

A vaccine- the type of which we have -not·· been able to 
ascertain - was nevertheless prepared. It is administered in two 
injections with an interval of one week. 

At Lagos, 94 dogs were vaccinated in 1937.· Although the charge 
made for inoculation is only 6d., the Municipal Health Service 
considers that even this sum is too high and has taken steps with 
a view to providing free inoculation. 

Tunis. 
The practice of the preventive vaccination of dogs is governed 

by the B"eylical Decree of June 23rd, 1931 (1), which lessens the 
severity of the provisions concerning slaughter in the case of dogs 
previously vaccinated and which are suspected of having been 
contaminated. 

(1) The following is a tra-tU1lati011. of the text of the. Dee~·ee : 

.il.rticle 1.- Fw:ther to the provisions of Article 2 of the Decree of August 4th, 
1924, any dogs suspected of being contaminated with.rabie8 which have 
been preventively vaccinated less than one year previously by a method 
approved by the Administration, on the recommendation of _the Past_e]ll" 
Institute, Tunis, may be exempted from. slaughter. The. owner sha~ 
be reqUired, for that pun>ose, to present his aninlal as soori as possible 
to a veterinary sw:geon who shall subject· it to a new immunisation 
within a period of not. more than ten days after contamination. The 
owner must undertake to keep· the dog under observation for a period 
of six months under the supervision of a veterinary sw:geon, and, dw:ing 
that time, he must neither dispose of the dog nor remove it from his 
habitual place of residence. He must furthermore undertake to report 
to the-veterinary sw:geon any noteworthy qhange in the animal's state 
of health and present it· to him finaUy at the end !>f the six-months 
period of observation . 

.il.rticle 2. - The preventive vaccination of dogs against rabies may be 
carried out only by a veterinary sw:geon ... After. this, a certificate shall 
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The vaccfue is prepa.red at the Pasteur Institute, Tunis, and 
corresponds to Remlinger's ether-treated virus. 

With a view to preventing any possibility of one animal being 
substituted for another, the " Remarks and advice concerning 
anti-rabies vaccination " which accompany the above-mentioned 
Decree contain a recommendation to the effect that the certificates 
should be very ca.refully drawn up. For the purpose of establishing 
the identity of dogs whose coats offer very few distinguishing 
features- e.g., Alsatians- an imprint of the muzzle might be 
taken. There is also a reminder to the effect that the ether-treated 
virus cannot convey rabies by subcutaneous or intramuscular 
inoculation, that it is not eliminated with the saliva, and that it 
does not prevent the development of the disease if it is employed 
more than ten days after contamination. 

The following table gives the aggregate results of the preventive 
vaccination of dogs in Tunis from October 1st, 1931, to Decem
ber 31st, 1938 : 

Number of first vaccinations . . . . . . . 31073 
Number of revaccinations . . . . . . . . . 11039 
Number of vaccinations after contamination 

(dogs already preventively vaccinated) 51 
Number of rabies cases observed amongst vac-

cinated dogs in the yea.r following vaccination 
or revaecination . . . . . . . . . . . . . . o 

The efficacity of the measure is thus shown to be total. None 
of the dogs vaccinated contracted rabies, even in cases which 
must certainly have been' frequent, where revaccination ~as not 
carried out, the contamination having passed unnoticed. 

Effective encouragement in respect of canine vaccination was 
given in the city of Tunis by the Municipal Council's decision that 
vaccinated animals should be exempt from tax aa froin January 1st 
1938. ' 

b_e ~awn up giving a very detailed description of the animal and spe
cifymg the dates of the preventive inoculations 
f il ~kcertificate shall be drawn up on a detach~ble leaf from a counter-

0 oo .' and on the counterfoil shall be reproduced an exact copy of 
the particulars recorded on the leaf handed to the owner. 
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Canine vaccination employed on so small a seale (about 400 dogs 
treated each year) could not, and in fact did not, have any effect 
on the number of persons who had to undergo preventive treat
ment, as is shown by the following figures : 

Number of Perso11B treated at the Pasteur Institute, Tunis. 

Brazil. 

Year Year 
1930. 
1931. 
1932. 
1933. 
1934. 

1,811 1935. 
1,686 1936. 
1,788 1937. 
1,849 1938. 
1,930 1939. 

2. NORTH AND' SOUTH AMERICA 

1,949 
1,872 
1,800 
1,656 
1,178 

Preventive vaccination of dogs has been practised since 1927 
in the State of Espirito Santo. The vaccine, which is of the 
phenolised type, is prepared by the Rio de Janeiro Experimental 
Veterinary Station. The number of dogs vaccinated was 1,219 in 
1927, 11352 in 1928 and 1,691 in 1929. According to ToRRES (1), 
rabies decreased as a result of vaccination by 63% in 1927 and 82% 
in· 1928, as compared. with 1925. 

In the plan for the reorganisation of the Rabies Prophylaxis 
Service at Rio, which he submitted in 1937, PENNA (2) advocates 
the compulsory preventive vaccination of all dogs registered, urges 
that they should be placed under observation if they have run the risk 
of contamination, and recommends the use of a vaccine of the 
Semple type - i. e., an avirulent phenolised vaccine. Before ad
vancing this view, Penna asked fourteen Brazilian medical men 
and veterinary surgeons for their opinions concerning the value of 
canine vaccination before a bite, and the type of vaccine that should 
be used. Twelve replies were in favour of compulsory immunisa
tion and seven of the use of an avirulent vaccine. 

At Sao Paulo, the Pinheiros Institute began in 1935 to prepare 
a phenolised vaccine of the Umeno type, but obtained from horse-

(1) Rev. de zootech.,-1931, 17, 129. 
(2) BoZ. de Secret. Geral de Saude et d'..ll.ssi8t., 1937, S, 13. 
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brain fixed virus. .As caaes of paralytic rabies occurred as the 
reslllt of vaccination, Kondo's modification of Umeno's technique 
was adopted. This modification consists in keeping the vaccine for 
three days at 370 0., so as to render its attenuation more complete. 
1,218 doses of the last-mentioned vaccine were issued in 1939. 

Cuba • 
.As the poplllation of Havana had become alarmed at the fre

quency of rabies, the health authorities recommended, about 1925, 
optional canine vaccination as a prophylactic measure. This recom
mendation, however, was not carried into effect, the number of 
vaccinations having been very small by comparison with the total 
dog population. 

The cases of rabies that occurred in other municipalities led 
the Government to take more rigorous and far-reaching measu~es. 
The Decree of May 18th, 1926 (No: 690), made canine vaccination 
compulsory throughout the country. We have not been able to 
find any information either as to the extent to which this Decree 
was applied or as to the results obtained through its enforcement . 
.All we know is that the vaccine used was of the phenolised type·. 
• • 0 

Haiti. 

During the fiscal year 1926/27, 367 dogs were preventively 
vaccinated at Port-au-Prince ; two cases of rabies developed amongst 
them. · 

. In 1927/28, the ~umber of dogs vaccinated was 34 7, arid 'all 
of them remained free from rabies. BROUGHTON (1), who gave these 
~gures, considered that the result obtained was ·encouraging and 
that compulsory vaccination should be introduced. 

Meanco. 

Since 1923, the .Anti-rabies Institute of Mexico lla11 directed its 
attention to the vaccination of dogs by the Japanese method and 
prepared a phenolised vaccine from a local strain of· virus. .As 
th~ results obtained were satisfactory, a provision making vaccin
at~on comp~ory was included in the " Regulations on the owner• 
Ship of dogs m the Federal District", whiclt were approved by a 

(
1

) Jl . .A.mer •. Vet; .A.8soc., · I929; 76, 92i ..... 
I j 



VACCINATION OF DOGS AGAINST RABIES 289 

Presidential Decree on January 14th, 1926 (1), These regulations 
provide that every dog-owner must have his dog vaccinated at the 
time when he registers it, and that the vaccination must be repeated 
annually. If a vaccinated dog happens to be bitten by a rabid 
dog, it will be slaughtered unless its owner has it " preventively 
vaccinated " immediately after the bite. 

As, in the Mexican Health Code, canine vaccination is regarded 
as a federal service, it wall incorporated in the duties of the pro
vincial health services and thereby extended to the whole country. 
As certain professional and commercial interests claimed that they 
were prejudiced by the fact that the inlmunisation of dogs had 
to be CaiTied out in an official institution, an attempt was made 
to remove this restriction. The Department of Health, however, 
did not agree with this proposal. · 

Canine vaccination started officially on July 1st, 1926, the vaccine 
then being available in sufficient quantity. 37,000 dogs were 
vaccinated in 1930 at the Anti-rabies Institute of Mexico. In 

. 1932, there were 35,000 vaccinations in the country as a whole. 
For reasons of economy, the Anti-rabies Institute of Mexico 

was attached in 1937 to the Institute of Health, which then made 
an analysis of the results obtained through the preventive vaccin
ation of dogs. This investigati9n led to the conclusion that, in the 
form in which it was previously applied, this measure was " not 
only completely useless, but dangerous, for it may transform the 
vaccinated animals into virus-carriers". This opinion was reported 

.. ( 1 ) The follo~g· is ~ translation of the articles in these regulations which 
deal with vaccination : ' 

.Article 6. - With a view to ensuring that dogs shall remain immune from 
rabies, their owners shall be required to present them for vaccination 
at the Anti-rabies Institute at the time of their registration and annually 
thereafter. For this purpose, the said .owners must pay the cost of the 
vaccines. 

The Department . of Health shall determine the method of vacci
nation and shall fix the charge to be made for the vaccines . 

.Article 10. - Dogs which have. been bitten by other dogs suffering from 
rabies shall be slaughtered, unless their proprietors wish to keep them, 
in which event they must have them preventively vaccinated, imme
diately after the bite, at the Anti-rabies Institute, and must pay the 
cost of the vaccine used. 
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to the Higher Health Council, which considered it to be ":e~ founded. 
Accordingly, canine vaccination wa~ thenceforth prohibited. 

U 'litea States of A me rica. 
Connecticut, ba~ing itself on the Japanese experience, was the 

first State to introduce preventive vaccination of dogs, though 
it did so, indeed, in the form of an optional measure (1922). For 
each animal inoculated, a special disc was issued- which was 
often stolen and fixed to the collar of an animal that had not been 
immunised. In the event of a suspicious bite, the dog vaccinated 
was not slaughtered, but was placed in quarantine until the Com
missioner on Domestic Animals issued a certificate to the effect 
that it might be relea~ed. In 19241 six vaccinated dogs that had 
been bitten by rabid animals survived. 

The example of Connecticut was followed by Massachusetts, 
where the annual figure for rabid animals had increa~ed from an 
average of 65 to 465 in 1923. A suggestion was then made that the 
issue of a dog licence should be made dependent upon the presenta
tion of a vaccination certificate, but this mea~ure was not 
adopted lest the cost of this certificate, in addition to that of the 
licence, should prove to be an obstacle to the registration of dogs, 
which was already very incompletely carried out. In 19251 the city 
of Milton offered to arrange for dog-owners to have their animals 
vaccinated in official clinics at a charge of one dollar - the charge 
made by private veterinary surgeons being from 3 to 5 dollars. 
If they did this, they would be exempted from the obligation to 
keep their dogs on a leash. Of 571 dogs registered, 239 were 
inoculated. One of them died of rabies twenty days after ino
culation. 

In the county of Los Angeles, 808 cases of canine rabies had 
occurred in 1923. An order was accordingly issued making the vac
cination of dogs compulsory, the dog population being estimated 
at 50,000. The cost of inoculation wa~ fixed at $2.50. Later, the 
Public Health Department of California extended this measure 
to the whole of the State, but did not provide for any exceptional 
measures _in favour of vaccinated dogs in the case of a suspicious bite. 

In Chxcago, where. 7 persons died of rabies in 1927, the Depart
ment of Health orgamsed a va~t prophylaxis campaign based partly 
on the optional vaccination of dogs. 
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In tho State of New Jersey, the municipality of Orange issued 
an order making vaccination compulsory in 1924 ; 900 dogs were 
treated, and one case of rabies occurred amongst them nine months 
after inoculation. 

In Illinois, 125,000 dogs were vaccinated between 1924 and 
1928. Of the 18 cases of rabies which occurred amongst them, 
10 developed less than a month after inoculation. 

In 19351 South Carolina adopted a law requiring all dogs to be 
vaccinated and annually revaccinated. The charge made for inocula
tion was 50 cents, and half of this amount went to the Department 
of Agriculture to cover tho cost of purchasing the vaccine and tho 
other half to tho inspector of rabies who catTied out tho ino
culation. 

The municipality of Detroit (Michigan) made the presenta
tion of a vaccination certificate a condition for the issue of dog 
licences as from 1928. Amongst the 28,000 dogs vaccinated that 
year, 10 cases of rabies (0.36%) were observed, whereas 447 cases 
(4.48%) occurred amongst 981000 non-vaccinated dogs. The latter 
would thus appear to be twelve times more liable to contract rabies 
than the former. 

In 19281 the Surgeon-General of the Army ordered the com
pulsory vaccination of dogs in all military posts. The results were 
as follows: 

Number of Cases of rabies 
Year dogs vaccinated amongst dogs vaccinated 

1929 1,420 2 
1930 4,012 3 
1931 4,673 0 
1932 4,474 9 
1933 4,255 1 (!) 

1934 4,482 0 
1935 4,586 4 

Rather than give more such examples - which in themselves 
are of no great demonstrative value- it is preferable to mention 
a few general opinions, coming from authoritative sources, as to 
the prophylactic value of canine vaccination. 

In 1928, the Chief of the Bureau of Animal Industry, Washington, 
basing himself on the experience gained from 1923 to 1927, expressed 
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the opinion that it was difficult to pass ju~gment on the effica~ity 
of the measure. This efficacity was certamly not absolute, smce 
failures had been recorded. Such failures were, however, rare by 
comparison with the number of animals inoculated. In contaminated 
districts, veterinary surgeons had declared their satisfaction with 
Taccination, but it was difficult to determine exactly what part 
of the success was really due to vaccination since other means 
- the destruction of stray dogs, the issue of discs, muzzles -
had been used at the same time. 

In the view of OLESEN (1)1 of the New York City Health Service, 
canine vaccination had not yet emerged from the experimental 
stage. Notwithstanding the merits attributed to it by a few 
enthusiastic advocates, it was impossible at the time (1935} to 
rely on this measure. 

Describing to the " Office international d'Hygiime publique " 
(1935} the administrative measures applied in the United States 
in the matter of prophylaxis against rabies, Surgeon-General 
CUIDnNG spoke as follows : 

" In a few places, the vaccination of dogs is insisted upon, 
but, in practice, so far as we are aware, this method has not 
been the subject of tests sufficiently well controlled to be of 
any scientific significance. It may be presumed that possibly 
a fairly high proportion of the dogs thus vaccinated acquired 
at least a certain resistance to infection, but the frequency, 
degree and duration of this resistance a<re not known." 

To the question whether it was possible to base action against 
rabies exclusively on canine vaccination, SCHOENING (2)1 of the Bureau 
of Animal Industry, replied in the negative. It would really be 
necessary to inoculate 100% of the dogs and to have a vaccine 
that was efficacious in 100% of cases, and these were two conditions 
which .could not, for the moment (1936), be fulfilled. (This require
ment 18, however, so rigorous that it does not harmonise with the 
laws of epidemiology. In point of fact, an epidemic comes to an 
end spontaneously as soon as the proportion of receptive subjects. 
falls below a certain level ; this level varies moreover according ' . ' . 

(') Publ. Health. Rep., 1935, 50, 1087. 
<2l Amer •. JZ. of Publ. Health., 1936; 26, 265. 
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to the contagiousness of the infection and the conditions of the 
environment.) 

.At the forty-first session of the United States Live-stock Sani
tary Association (Chicago 1937), its Rabies Committee e:!..-pressed 
the opinion that vaccination had not, of itself, given satisfactory 
results except in districts where the majority of the dog population 
had been inoculated. The Committee nevertheless decided to 
encourage preventive immunisation, though it considered that 
vaccinated dogs should not benefit by any special privileges. 

It will be noted that the opinions expressed are, to say the least 
of it, lacking in enthusiasm. It is true that the results obtained, 
so far as they can be judged from the documents published, are 
scarcely convincing. REllLINGER (1) explains this state of affairs 
by the fact that, in the United States, vaccination, both human 
and canine, has taken the wrong course, for, at the outset, it was 
commercialised. In his vie,v, " the most powerful firm is not to 
be compared with a small laboratory under the direction of a real 
scientist". This is a somewhat summary criticism of the producing 
firms, especially when one takes into account that the anti-rabies 
vaccines which they issue for the inlmunisation of dogs are, like 
all other biological products intended for veterinary use, tested 
and approved by a special branch of the Bureau of .Anin1al Industry. 
It must be admitted, however, that some of the vaccines placed 
on the American market possessed only very slight immunising 
power, as was shown by BARNES (2) and by WEBSTER (3). 

There are, in our opinion, other reasons which might be advanced 
in an endeavour to explain the somewhat reserved attitude gene
rally adopted in the United States in recent years with regard to 
canine vaccination. This measure was definitely held in favour 
when it was first applied, as is shown by the fact that it was made 
compulsory in a series of States. .At that time, however, the vaccines 
used were almost exclusively of the Japanese phenolised type 
-3

1
700,000 doses of which were prepared between 1923 and 1934-

and it is known that these vaccines were not attenuated to the point 
of losing their virulence for small laboratory animals when adminis-

( 1) Maroc Medical, 1938, 18, 243. 
(2) JZ • .Amer. ·Vet . .Assoc., 1934, 84, 740. 
( 8) .Amer. JZ. of PubZ. Health, 1938, 28, 44. 
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tered subdurally. Following on experiments carried out by 
ScHOEJ:\'ING fxom 1925 to 1928 concerning the infecting power of 
commercial canine vaccines, the Bureau of Animal Industry decided 
to require fxom producers that the virus contained in vaccines 
intended for sale should be completely killed. Federal regulations 
were issued, moreover, to the effect that, before issue, every vaccine 
must be proved to be avirulent for the rabbit when int-roduced 
subdurally- i.e., it must satisfy the most severe of the tests by 
which its innocuity can be demonstrated. 

Later experiments by SCHOENING (1) showed that, when admi
nistered by means of a single injection, vaccines which 
had been rendered avirulent possessed only a very relative 
immunising power, whether they were phenolised vaccines or the 
chloroform-treated vaccine of KELSER (2) (33% emulsion of rabbit
brain fixed virus in a 0.75% chloroform solution). The question 
therefore arises whether the change of opinion which appears to 
have occurred concerning the value to be placed on the vaccination 
of dogs by a single injection is in any way connected with the 
prohibition of the use of vaccines which still contain live virus. 
The attempt to render the vaccine definitely harmless has appa
rently at the same time robbed it of some or all of its immunising 
power. This view is put forward with every reservation, but it 
would seem to be more plausible than the hypotheses based on the 
exceptional virulence of the strains employed or even on the existence 
of "para-rabic" strains as an explanation of the reason why, in 
American circles, so little faith is placed nowadays in the pre
ventive immunisation of dogs. 

The matter is far fxom being settled, however, for there is a new 
factor which may have very important consequences: the Inter
national Health Division of the Rockefeller Foundation has decided 
to interest itself, with the powerful means at its disposal, in the 
question of rabies in general and in that of the vaccination of dogs 
in particular .. It is pointed out, in its annual report for 1936, 
that it is generally agreed that rabies cannot be held in check by 
canine vaccination alone. Before a plan of campaign can be drawn 

(:) Jl. Amer. Vet. A8Boo., 1930, 77, 25, and 1931, 78, -703. 
( l Ibid., 1930, 77, 595. . . 
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up, better information will be necessary concerning the value of 
the immunisation of dogs, the epidemiology of rabies, and the means 
by which the degree of immunity, whether natural or acquired, 
may be judged. The State of .Alabama, with a dog population 
estimated at 450,000, has been chosen as the field of · action. 
Compulsory vaccination of dogs was introduced there in 1937 ; 
220,000 animals were inoculated that year, and 134,000 in 1938 . 
.All that remains is to await the results of this investigation and 
to express the hope that they will be sufficiently conclusive to 
put an end to the controversy. 

3. ASIA 
Bl'itish I nclia. 

In 1927, the Kasauli Institute, in its reply t? the questionnaire 
that had been sent to it in connection with the preparations for the 
International Rabies Conference, pointed out that canine vaccination 
was hardly practised at all at that time, notwithstanding the research 
work done by HARVEY and McKENDRICK with attenuated cords 
(1907) and by SEMPLE with phenolised vaccine (1911), with a view 
to perfecting the process. 

Since 1933, this Institute has been immunising dogs, on a limited 
scale, it is true- the number of animals vaccinated having been 
only 515 in 1936, and 453 in 1937. The preventive treatment 
comprises seven daily injections of a phenolised emulsion of fixed 
virus from sheep-brain. Of 1,838 dogs thus treated between 1936 and 
1938, only one is said to have developed rabies. 

In the instructions which it issued in 1936 to the anti-rabies 
treatment centres in its district, the Pasteur Institute, Coonoor, 
emphasises the fact that vaccinated animals acquire an immunity 
'vhich persists for at least six months. The Institute accordingly 
recommends that, when rabies breaks out in any district, the owners 
of dogs should have them vaccinated. 

Indo-Ohina. 
. Sanitary police action in Indo-China witli regard to rabid dogs 
was governed by regulations directly based on .those in force in 
France. Owing to local conditions, however - such as the large 
number of stray dogs, the lack of experienced sanitary a.gents and 
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the difficulties encountered in the strict application of the measures 
prescribed -no appreciable results had been achieved. 

In 1932, the Grand Council of Economic and Financial Interests 
of Indo-China contemplated the advisability of undertaking the 
preventive vaccination of dogs throughout the territory. By an 
Order dated January 5th, 19331 the Governor-General instructed a 
" Rabies Committee " to determine the details of administrative 
procedure relating to such vaccination, whilst the Pasteur Institutes 
were asked to select the immunisation method best adapted to local 
conditions. 

At the beginning of 19341 the Pasteur Institute, Nhatrang, placed 
at the disposal of the Veterinary Services a formalised vaccine, of the 
same type all the one used in Algeria, which might be considered as 
no longer containing any live virus. It was recommended that 
vaccination should, if possible, be carried out by means of two 
injections, at three weeks interval, but the total dose of vaccine 
might also be administered in a single injection. 

Following on a report by the French :Minister of Agriculture, 
drawing attention to the rate of increase of the number of persons 
who had to undergo Pasteur treatment in the anti-rabies institutes 
of Indo-China, the President of the Republic signed a. Decree (1) 

( 1) The terms of the Decree are as follows : 

Arlic!e 1.-Preventive vaeeination against rabies with the formalised 
vaeeine prepared by the Pasteur Institute, Nhatrang, shall be authorised 
throughout the territory of Indo-China. None but veterinary surgeons 
shall be entitled to practise it. 

Arlicle 2.- After esch vaccination or revaccination, the veterinary surgeon 
shall issue a certificate taken from a couoterfoil-book. This certifioate 
and also the couoterfoil retained by the veterinary surgeon shall specify 
the name and address of the owner of the dog, and shall bear his signature. 
The chief provisions embodied in Article 3 of the present Decree shall 
also be reproduced thereon. 

Arl~cl~ 3. -The following shall be exempted from the sanitary measures 
~ force prescribing the slaughter of dogs and cats which have been 
b1tten or mauled by a rabid animal or which may have been in contact 
:: ~uch an animal: namely, dogs that have been vaccinated for the 

ti~e more than twenty days and less than one year previously, or 
~vaeeJ?~ted less than _one y~r previously, the identity of which can 

e certified by a vetennary mspector of the Animal Diseases Service. 
They may be kept by their owners, at the risk of the latter, provided, 
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on .April 13th, 1935, authorising the preventive vaccination of dogs 
throughout the territory of the colony. The application of this 
Decree was made the subject of an Order dated July 4th, 1935, by 
the Governor-General of Indo-China, amending, to the advantage 
of vaccinated dogs,. the laws previously in force. 

From the beginning of 1934 to December 31st, 1937, 10,500 dogs 
were vaccinated or revaccinated, and this necessitated the use of 
402,000 cc. of vaccine, the greater part (94%) or which was used 
by veterinary officers of the .Animal Diseases Service, a.nd the 
remainder by private veterinary surgeons. Cochin-China took 40% 
of the total supply of vaccine, Laos 19 %, Tongking 16%, Cambodia. 
14% and .Annam 10%. 

In the opinion of the Director of the Pasteur Institute, Nhatrang, 
" it would be difficult and premature to formulate any conclusions 

however, that they are revaccinated within a period of seven days 
after the bite, failing which they shall be slaughtered. A certificate 
of revaccination valid for one year shall then be delivered by the vete
rinary surgeon performing the revaccination, and a declaration shall be 
made by the owner to the Chief of the Province or to the mayor of the 
municipality. 

Furthermore, these dogs shall remain for four months under the 
supervision of the Veterinary Service, and must be presented for inspec
tion by a veterinary surgeon every fifteen days, failing which they shall 
be slaughtered. During this period, they shall not be allowed to stray, 
nor shall they be taken on the public highway unless they are both held 
on a leash and muzzled. 

No modification is made in the previous regulations concerning cats 
and other carnivorous animals. 

ArUcl6 4. - The cost of vaccination shall be borne by the owners of the 
animals. Provinces and municipalities shall, however, be authorised to 
defray such cost themselves in order to permit of a wider application of 
vaccination in highly contaminated regions. 

Article 5.- Each year, the veterinary inspectors shall, before February 
1st, transmit to the Chief of the Veterinary Service a statement showing 
the number of dogs vaccinated during the previous year. 

They shall indicate the results obtained and the observations made 
in respect of such vaccinations. · 

Article 6. -The Governor-General shall issue orders determining the model 
of the certificate of vaccination or revaccination, the charge thereof 
and, in general, all detnils concerning the application of the present 
Decree. 
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as to the effects of canine vaccination in Indo-Chinese practice, 
because the observations made in regard thereto by veterinary 
surgeons are too few in number. On several occasions, it has been 
reported that vaccinated dogs, which were thought to have been in 
contact with rabid animals, had remained immune, but there was 
no evidence that they had actually been contaminated". 

An experiment in optional vaccination was made in Cambodia. 
Between May 1st and. June 29th, 1934, 385 dogs were immunised 
in six villages of the province of Kampot. The inhabitants showed 
an unexpected eagerness to present their dogs for vaccination ; it is 
true· that the Administration undertook to defray the cost of the 
operation. In order to permit of the rapid identification of vaccinated 
dogs, eaeh of them was provided with a collar, made of india-rubber, 
bearing the stamp of the Veterinary Service. These collars were 
produced by cutting-up worn-out inner tubes of tyrcs. 

The obligation to have the injection of vaccine repeated after an 
interval of three weeks proved to be a serious obstacle. In one 
village, for instance, only half the animals that were to be revaccin
ated were presented at the appointed time, and a further date for 
inoculation had to be arranged. 

One fatal case of post-vaccinal paralysis was observed. In 
addition, one dog, which was in the incubation stage, died from 
rabies two days after the first injection of vaccine. Further, one 
failure must be recorded against the method : a female dog which, 
through an error of judgment on the part of the vaccinator, received 
doses of emulsion that were insufficient to produce immunity 
developed rabies four months after the second injection, in all 
probability as the result of a bite that passed unnoticed. 

This experiment in vaccination furnished the opportunity for 
recording one definite case of the efficacity of the vaccine. A stray 
rabid dog bit 4 other dogs before being slaughtered. Of the 4 animals 
bitten, 3 had been vaccinated by means of two injections thirty -three 
and fifty-four days previously. After being given a ;bird dose of 
vaccine, they were placed under observation and showed no 
abnormal symptoms. The fourth dog, which had not been vaccinated, 
died of paralytic rabies forty days after being bitten. Yet, the bites 
of the 3 dogs that had been vaccinated were more numerous and 
more severe than those of the unvaccinated animal. 
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Japan. 

Though FERi\II must be given the credit for recognising, a~ long 
ago as 1907, that, amongst the antiseptics which exercise a destructive 
action on the rabies virus, phenol occupied a special place because 
of its power to attenuate or kill that virus whilst preserving its 
antigenic properties, it wa~ the Japanese scientists -UMENO, Dor, 
HATA, KONDO -who applied phenolised vaccine, from 1916 
onwards, to the preventive immunisation of dogs. The large extent 
t.o which their example was followed is so clearly shown in the 
present paper that it would be superfluous to recall here the numerous 
practical applications that have been made of the Japanese method 
in the most varied countlies. 

UMENO and DOI (1) prepare their vaccine in the following way: 
the brain and cord of a rabbit which has su·ccumbed to inoculation 
with fixed virus are emulsified in four times their volume of glycero
phenolised solution (60 parts of glyceline and 40 parts of saline, 
phenolised at 1.25%) ; the emulsion is kept for fourteen days at a. 
temperature of 18-22o C. or for thirty days in the, ice chest. RATA (2) 

advocates the straining of Umeno's vaccine through a cloth before 
attenuation, which is earned out at the temperature of the laboratory. 
If kept away from the light, such a. vaccine is said to remain active 
for two months. KoNDO (3) uses an emulsion of one-fifth fixed virus of 
canine origin in distilled water, 50% glycelinated and 0.5% phenolised; 
attenuation is effected by keeping it for seventy-two hours at 37° c. 

These various vaccines thus differ only in regard to their concen
tration in nervous substance and the method adopted for attenuation. 
Notwithstanding the presence of phenol, they retain the power of 
conferring rabies on small laboratory animals. This is, indeed, one 
of the conditions required to show that these vaccines are active. 
Kondo's vaccine, for instance, must prove pathogenic for the guinea
pig when inoculated subdurally in a. dose of 1/20,000 cc. However, 
when injected subcutaneously into a dog, it must prove to be 
inoffensive in a 5-cc. dose. . 

Administered at first in two injections and later in a. single injec
tion, the glycero-phenolised vaccine confers an immunity the 

(1) Kitasato Arch. Exper. 11Iea., 1921, 4, 89. 
(2) JZ. of ImmunoZ., 1924, 9, 89. 
(3) BuZZ. Office intern. des Epizootics, 1931/32, 6, 131. 
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duration of which is estimated at twelve months ; hence the necessity 
for annual revaccination. It retains its activity for about two months 
and this enables it to be used far afield. 

Mention has already been made of the reservations which had 
been put forward, from the experimental standpoint, in regard to the 
efficacy and innocuity of Japanese vaccines. Let us now try to 
ascertain what results followed their use in practice, taking published 
statistics as a basis. .As it is impossible to reproduce them all here 
-whether they relate to cities (Tokyo, Yokohama, Kyoto, Osaka) 
or to prefectnres - we shall give only one table which groups tl1e 
vaccinations that were carried out in the country al! a whole between 
1918 and 1930 : 

Total number Cases of rabies Cases of rabies 
of amonast amongst non-

Year vaccinations vaccinate dogs vaccinated dogs 
1918 . 10,951 6 1,041 
1919 . 41,789 16 860 
1920 . 26,103 4 500 
1921 . 53,744 18 892 
1922 . 58,141 33 983 
1923 . 116,050 31 2,613 
1924 . 194,177 44 3,172 
1925 . 254,067 45 3,075 
1926 234,680 55 1,770 
1927 209,032 20 966 
1928 225,636 13 421 
1929 145,953 2 165 
1930 . 114,892 4 64 

1,685,215 291 16,522 

. The. figure given for the number of auimals treated is certainly 
lillpresstve, but to be able to compare the morbidity amonst vacci
nated and non-vaccinated dogs, we ought to know how many of the 
latter there were . .An indication on this point is oiven by RATA (1) 
who tim tes .,. ' es a the number of dogs vaccinated at Tokyo and 
Yokohama from 1919 to 1922 at 104,000 and that of non-vaccinated 
dogs at 52,000- i.e., a ratio of 2 to 1. It is doubtful whether this 

( 1) Loc. cit. 
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proportion could be applied to Japan ali a wjlole, notwithstanding 
the fact that the annual vaccination or registered dogs wa11, by stages, 
made compulsory throughout the country between 1919 and 1926. 
The owners of dogs are required to make a declaration to the town 
hall of their commune. Animals thus registered must wear a disc 
with a registration number. Once a year, the authorities organise 
the "anti-rabies prophylaxis week". On this occa11ion, all owners 
of registered dogs receive instructions to present their animals for 
vaccination and to keep them on the leash throughout the week. 
The sanitary police regulations provide for the payment of compen
sation to any owner whose dog happens to succumb as the result of 
vaccination. .Article 7 of Law No. 29 on infectious diseases in 
animals specifies that " the Government of the prefecture may, when 
it deems it necessary, for purposes of control or as a preventive 
measure, instruct the police or the veterinary service to carry 
out the inspection, vaccination, inoculation or dipping of any 
animal." 

It would have been interesting to have more recent information 
concerning the vast campaign for the immunisation of dogs 
conducted in Japan and as to any e!fect it may have had on the 
number of persons obliged to undergo Pasteur treatment. Circum
stances have prevented us from securing information on the former 
point. .As regards the latter, the Kitasato Institute has given, for 
the prefectures of Tokyo and Kanagawa, the number of dogs 
vaccinated and of persons " exposed to rabies " from 1917 to 
1926: 

Prefecture of Tokyo. 

Year 
Number of dogs 

vaccinated 
Number of persons 
exposed to rabies 

1917 456 

1918 511 

1919 16,165 449 

1920 15,928 262 

1921 22,385 358 

1922 19,943 192 

1923 19,959 119 

1924 24,150 690 

1925 41,877 456 

1926 44,903 354 
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Prefect~tre of Kanagatva. 

Number of dogs Number of persons 
Year vaccinated exposed to rabies 

1917 138 

1918 6,644 318 

1919 9,150 73 

1920 2,927 62 

1921 11,338 85 

1922 8,300 Documents destroyed 

1923 1,700 during the earthquake 
1924 3,234 334 
1925 10,137 587 
1926 4,114 181 

The figures for the prefecture of Kanagawa show the marked 
recrudescence of rabies that occurred after the earthquake in 1923 
more clearly than a direct effect of canine vaccination on the number 
of" persons exposed to rabies ". It is true that the opposite.argument 
is possible, as it might be urged that it was, in fact, because the 
vaeeination of dogs was hampered owing to the earthquake that 
'l'abies became more widespread. But, in that case, what explanation 
could be given of the result-s for the prefecture of Tokyo, where the 
number of canine inoculations was increasing throughout the period 
under consideration ! 

The question arises whether, granting that the immunisation 
of dogs continued at the same rate as formerly, any diminution 
could be observed in the number of persons who underwent Pasteur 
treatment during recent years. .As the figures supplied by the 
Tokyo anti-rabies institutes are, in this connection, too small to 
have any significance, we give hereunder those of the Keijo .Anti
rabies Service : 

Year 
Number of persons Number of persons 

treated Year treated 
1929 1,220 1934 2,280 
1930 1,363 1935 2,609 
1931 1,399 1936 2,476 
1932 1,619 1937 2,989 
1933 2,000 
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In view or the fact that, in Chosen, according to the opinion of 
the Local Government itself, the majority of the dogs had been 
vaccinated as long ago as 1927, this progressive increase in the 
number of persons treated is somewhat surprising. All the explan
ations that might be suggested- a slackening-off in vaccination, 
the presence of stray dogs in large numbers, the introduction from 
time to time of rabid animals from neighbouring countries -can 
be nothing more than mere hypotheses. 

It is unnecessary to carry any fw·ther this study of the Japanese 
statistics, for SCHl'i'URER and DAVID (1) have submitted them to a 
very. close examination, to which we would refer the reader. An 
opinion expressed in 1927 by the Kitasato Institute may, however, 
be quoted : " Umeno's method is perhaps not ideal, but it is, at 
all events, the one best suited for practical application, for it is 
simple and its cost is reasonable. Further, it confers immunity for 
a 1·elatively long period." 

Lebanon. 

Preventive vaccination of dogs was introduced into the Lebanese 
and Syrian Republics in 1935. It is practised as an optional 
measure in conditions similar to those obtaining in Morocco. The 
Beirut Anti-rabies Institute prepares ether-treated vaccine and 
supplies it to all veterinary surgeons who apply for it. 

Malaya. 
Since i924, an Anti-rabies Service, attached to the Kuala 

Lumpur Institute for Medical Research, has prepared a canine 
vaccine of the Umeno type, the source of the fixed virus being 
generally sheep-brain instead of rabbit-brain. 

An outbreak of rabies having occurred in the State of Selangor, 
650 dogs were vaccinated in a district where there were at least 
twelve times as many dogs. All the animals vaccinated remained 
inlmune, whereas 8 non-vaccinated developed rabies. In one village, 
where 18 dogs out of 20 had been immunised, the only case of 
rabies observed was a dog that had not been treated. 

(1) Ergebn. der Hyg., 1930, 11, 556. 
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In 1927, the number of dogs vaccinated reached a thousand 
and only one failure bad been recorded. In the following years, 
as a result of mass vaccinations, rabies outbreaks were stamped out, 
in particular at Kuala Lumpur, '.Malacca and Penang. 

Singapore, which had been free of rabies since 1907, was 
reinfected in 1937, the following being the conditions in which this 
occurred. On April 21st, a dog that came from Zamboanga (Phi
lippine Islands) was brought ashore on presentation of the following 
documents : a veterinary certificate of good health dated .April 15th, 
an anti-rabies vaccination certificate of the same date, an export 
permit issued by the Bureau of .Animal Industry, l'Ianila, and a cer
tificate by the captain of the vessel to the effect that the dog in 
question had not been ashore during the voyage. .As one document 
was still lacking- viz., a certificate to the effect that the animal 
came from a district that was free from rabies - the dog was placed 
in quarantine until June 21st, on which date it was released, as the 
necessary certificate, signed by a veterinary surgeon at Manila, 
had by that time been produced. 

On .August 25th, notwithstanding all these safeguards, the 
dog died of furious rabies. Its brain gave a positive result. .As 
the animal had been at large for two days, very severe sanitary 
police measures were at once ordered ; 1,043 stray dogs were 
slaughtered and an order was issued for the compulsory vaccination 
of registered dogs. For the supply of the vaccine, application 
was made to the Kuala Lumpur Institute, which delivered the 
13,000 doses requested by using, as it has done since 1929, buffalo
brain as the source of fixed virus, a single brain furnishing from 
250 to 300 doses of vaccine. 

In September, four teams of vaccinators were at work in Singa
pore. Of 9,274 dogs registered, 8,373 were inoculated (90.5%). 
During the following months, vaccination was extended to the 
rural districts where 3,549 dogs out of 5,918 registered were 
treated (59.9%). 

The outbreak died out in November, after 12 cases of rabies, 
duly. verified by the laboratory, had occurred amongst non· 
vaccmated dogs. Furthermore, 4 cases developed amongst vaccin· 
ated ~ogs, re~pectively one, seven, eleven and twenty-five days 
after moculation, from which it may be assumed that 3 animals 
at least were in the incubation stage at the time when they were 
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treated. Thirteen cases of post-vaccinal paralysis, 2 of them 
fatal, were also observed. 

The expenditure occasioned by this canine vaccination campaign 
amounted to 12,000 Straits dollars, and the amount recovered 
from the owners of the dogs vaccinated was 5,989 dollars. 

The number of persons who had to undergo preventive treatment 
was 132 ; they all remained immune. 

Since then, the situation has remained normal. In 1938, the 
Kuala Lumpur Institute issued only 654 cc. of canine vaccine, as 
against. 74,500 cc. in 1937. 

Netl!CI"lands East Inclies. 

In 1927, the preventive vaccination of dogs was not practised 
in this colony, as the Director of the Pasteur Institute, Bandoeng, 
considered that there was not yet sufficient evidence of the efficacity 
of this measure. VRIJ:BURG (1) broke a lance in favour of canine 
vaccination in 1928. He wished to see it applied to all registered 
dogs, together with an attenuation of the sanitary police regulations 
in favour of vaccinated animals. 

Palestine. 
The Bacteriological Laboratory of the Department of Health 

began, in 1927, to prepare a canine vaccine of the Japanese type: 
but, from 1931 onwards, in order to obviate any risk of infection 
by the vaccine itself, the concentration of the .Phenolised emulsion 
was reduced from 20% to 5%, the treatment comprising one 2-cc. 
injection on each of three consecutive days. 

In the absence of any legal obligation, dog-owners showed very 
little eagerness to have their animals vaccinated. Thus, in 1934, 
only 10 dogs were inoculated, in 1936 76 and in 1937 109 : they 
belonged, for the most part, to a pack of hounds used for hunting 
jackals. One of these dogs contracted rabies in 1936. 

(') NedcrZ. I11d. Bladen v. Diergencesk., 1928, April, 169. 
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4. EUROPE 

..4.u.stria. 
Under an Order of .April 22nd, 1922, by the liinistry of .Agri

culture and Forests, the Vienna Veterinary School was authorised 
t{) carry out the immunisation of dogs suspected of being conta
minated and also of dogs placed in the pound and of healthy dogs. 
Before having his dog vaccinated, the owner had to sign a statement 
to the effect that he was fully aware of the fact that the veterinary 
police measures remained in force notwithstanding the vaccination. 
It may be wondered what attraction vaccination could offer in such 
circumstances and it is not surprising that it did not become 
generalised. Moreover, as the delegate of .Austria to the Office 
international des Epizooties stated in 1935, the results of vaccination 
were not conclusive and the sauitary police measures accordingly 
retained their full value. 

The techuique of vaccination was at first that of Schniirer- i.e., 
five subcutaneous injections or four intraperitoneal injections of 
0.6 gramme of diluted fixed virus from rabbit-brain. This made it 
necessary for the auimal to remain at the Veterinary School for at 
least five days. In 1926, this School adopted Umeno's method 
and vaccinated 238 dogs, the charge made for the operation being 
two schillings. 

Bulgaria. 

Between 1928 and 1930, 218 dogs were vaccinated by Umeno's 
method. One auimal died of paralysis twenty days after vaccination, 
but the laboratory examination of its brain gave a negative result. 

Czecho-Slovakia. 

. The first attempts at vaccinating dogs preventively were made 
m 1924 at the Prague Institute of Serology. The results having 
been encouraging, compulsory vaccination was on the recommend~ 
ation of the Veterinary Services, introduced by decree in regions 
whe:e rabies was prevalent, the vaccine used being of the phenolised 
type. In 1928, 869 dogs were inoculated in twenty-four communes 
of the Trous district, where 61 rabid dogs had been found within 
two months : no further case of rabies occurred thereafter. 
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The following figures show the increasing favour in which canine 
vaccination was held : 

In 1926 300 dogs were vaccinated. 
" 1927 1,400 

" " " " 1928 11,000 
" " " " 1929 26,000 
" " " " 1930 32,000 
" " " 

Of 70,000 dogs treated and kept under the supervision of State 
veterinary surgeons, 30 died of rabies, but, in every case, the animal 
had been bitten prior to vaccination. 

Estonia. 

In the regions of this country where sanitary police measures 
had not been operative, preventive vaccination was applied in 
1927 under the supervision of the veterinary services. The vaccines 
employed were of various types- Kondo, Hogyes, 10% emulsion 
of fresh fixed virus. Their use made it possible to stamp out in 
a very short time a serious epizootic. 

Finland. 

During the winter of 1929/30, 1,175 dogs were preventively 
immunised along the Russian frontier, the vaccine used being that 
of Schniirer. Five vaccinated dogs that were bitten by rabid 
animals remained immune. 

In a more recent report (1937) by the Finnish Veterinary Service, 
no reference is made to canine vaccination. 

France. 
The vaccination of dogs is not admitted by the public authorities 

in European France. A circular which the Minister of Agriculture 
sent to the Prefects (September 13th, 1929) recalled the fact that 
rabies prophylaxis may be summed up in the single phrase : the 
capture and destruction of stray dogs. 

Nevertheless, the advocates of canine vaccination have, on 
various occasions, urged that the mother-country should follow 
the example set by North Africa. In 1930, in an article entitled 
" The preventive vaccination of dogs ag~ins~ rabies must be 
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authorised in France", REliiLINGER (1) asks why it is that this 
measure has not yet been adopted there. In his view, "th~s 
regrettable abstention is due almost entirely to other than scientific 
reasons " ; on the one hand, " man is the only animal vaccinated 
by the Pasteur Institutes " and, on the other hand, " the sanitary 
laws enact that any animal that has been bitten or mauled by a 
rabid or suspected dog must be slaughtered immediately, and the 
application of this principle, which is that of the least effort, is 
thought to be sufficient ". 

In 1935, at Remlinger's request, a Committee a:ppointed by the 
Veterinary .Academy of France was instructed to study the question. 
It reached the following conclusions : 

" The Committee, whilst not failing to recognise the high 
scientific value of the methods of vaccination against rabies in 
carnivorous animals and whilst paying a tribute, in particular, 
to the work of Dr. Remlinger, is of opinion that it would be 
imprudent to make vaccination the basis of a systematic method 
of prophylaxis and to abandon the present sanitary police 
measures which have resulted in the almost complete eradication 
of rabies in France. 

" It recognises, however, that veterinary surgeons remain 
free to practise preventive vaccination in order to protect animals 
from an infection resulting from a bite which has passed unnoticed. 
But it could not approve the vaccination of a carnivorous animal 
after a bite by a rabid animal." 

.A different view was adopted by the National Union of Veteri
nary Surgeons of France when, in 1935, it decided " to undertake 
action with a view to obtaining, through the vaccination of animals, 
a relaxation in the rigour of the sanitary laws concerning rabies". 
In 1936, the same Union asked the Minister of .Agriculture to arrange 
for experiments to be carried out on the efficacity of canine vaccin
ation in the various veterinary schools and under the supervision 
of scientists of recognised standing ~ if the results proved to be 
conclusive, a relaxation in the rigour of sanitary police measures 
might be considered in favour of vaccinated dogs. 
.. The U~~n's pro~osals were, however, definitely rejected in 1937, 

the qualified semces and the scientific societies which advise 

(
1

) Recueil de mt!d. 11tlt., 1930, page 526. 
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the Minister of Agriculture being opposed to any modification of 
the regulations in force". 

Ge1·many. 

When outlining, in 1935, before the Committee of the Office 
international clcs Epizooties the " present possibilities of prophylaxis 
against rabies", GIESE and ZUNKER (1) defended the view-which 
was that of the German Reich -that prevention should be based 
exclusively on sanitary pollee measures. In . explanation of this 
attitude, it should be pointed out, on the one hand, that such 
measures, rigorously applied, have brought about the disappearance 
of rabies throughout the interior of the country and, on the other 
hand, that the research work done by German rabiologists has 
not entirely confirmed the innocuity of canine vaccination. Thus, 
in the course of experiments carried out by GIESE (2) for.the purpose 
of testing the efficacity of the Japanese method, the phenolised 
vaccine caused several cases of dumb or even furious rabies. Giese 
deduced that, if a particularly active fixed virus -such as the 
Breslau virus employed in his experiments - was used, the dose 
of vaccine prescribed was too large. 

The preventive vaccination of dogs is not, however, forbidden 
in Germany, for this measure was made compulsory in March 1927 
in certain infected districts of the Saar. Further, in virtue of a 
convention concluded with Czecho-Slovakia, all dogs in the frontier 
districts of Saxony were vaccinated in 1927. In both these cases, 
the vaccine used was the " Lyssin " of 1\fiEssNER and BAARs,(3

) this 
being a fixed virus subjected to desiccation, mixed with chalk and 
ground to a fine powder, whilst retaining a certain virulence. 

The present attitude of the Government of the Reich is clearly 
expressed in the notes which it transmitted to the Office international 
des Epizooties on the state of rabies in Germany in 1937 and 1938. 
These notes state that the application of the measures prescribed 
in the Law of June 26th, 1909, concerning ani\nal diseases has proved 
to be sufficient to stamp out rabies and that, accordingly, the vaccin
ation of animals has not been practised. 

(1) Bull. Ojjwe intern. des Epi::ooties, 1935, 10, 53. 
(2) Arb.· a.d. Reicllsgesundl!citsan~t, 1926, 75, 410. 
(a) ZbZ. f. Bakt. Orig., 1927, 101, 79. 
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Great Britain. 
The :Ministry of .Agriculture and Fisheries, in its reply to the 

questionnaire drawn up in preparation for the Rabies Conference 
of 1927, considered the question whether, in the case of a dog that 
had been vaccinated a short time before its entry, the regulation 
period of six months quarantine might be reduced. It reached 
a negative conclusion, taking the view that no method of vaccin
ation can be altogether effective. In the case of a dog that had 
been vaccinated with an attenuated virus, it might even be desirable 
to prolong the period of quarantine in order to obviate the risk of 
introducing rabies into a country which is free from it. 

Hungary . 
.Although a first attempt at immunising dogs had been made 

in 1913, when 16,749 animals had been treated in the city of 
Budapest, it was only in 1929 that preventive vaccination was 
officially introduced in Hungary on a voluntary basis without, 
however, there being any resulting diminution in the number of 
cases of rabies. It was therefore decided in 1933 to make the 
immunisation of dogs compulsory in a district comprising thirty
one communes, situated on the north-east of the capital. 

The results of this experiment having proved very encouraging, 
the vaccination of all sheep-dogs was ordered in 1934. These dogs, 
which were considered as the most dangerous vectors of· rabies, 
numbered 32,000. No case of the disease was subsequently observed 
amongst them. 

In 1935, canine vaccination was made co~pulsory in Budapest 
and arolind the city for a radius of 6 miles. The results were 
striking. Whilst previously the annual number of rabid dogs varied 
between 18 and 70, it fell to 0 in 1938. Post-vaccinal paralysis, 
fatal in about 1 case out of 3, occurred in 0.25% of the dogs treated 
in 1935, which were some 50,000 in number. . · 

The Minister of .Agriculture decided in that year to extend 
compulsory vaccination progressively to the dogs of the whole 
country. The measure was extended in 1936 to the province of 
Transdanubia, which occupies a third of the area of Hungary, 
in 1937 to the county of Pest, in 1938 to the northern counties, 
in 1939 to the counties of the south-east ·and in 1940 to Sub
Carpathia. 
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The following table shows the number of cases of canine rabies 
occurring in these different regions before and after the vaccination 
of dogs was made compulsory, and also the nnmber of persons who 
received Pasteur treatment during the same periods : 

Date Number or cases Number of 
Region of introduction of canine rabies persons treated 

o! compulsory 
vaccination 1933jl934jl937 jl938 1933 jl937 jl938 --

City of Buda.pest Spring 1935 70 27 2 0 1529 423 413 
Transdanubia . . Autumn 1936 505 248 13 2 1714 306 195 
County of Pest • I Spring 1937 231 152 65 0 1996 620 407 
Northern Counties Spring 1938 266 117 225 42 966 1363 620 
South·enstern Counties Spring 1939 166 114 95 80 640 4801439 

I 

Although a spontaneous decline of canine rabies occurred in 
1938, both in the northern counties before the full effect of vaccin
ation could be felt and also in the south-eastern counties where 
it had not yet been introduced, this diminution is not such as to 
deplive the results observed elsewhere of their demonstrative value. 
:As to the 2 rabid dogs reported in Transdanubia in 1938, they were 
captured on the outskirts of the province and came probably from 
farther afield. 

The magnitude of this vaccination campaign can be seen from 
the following figures : 

Number of dogs 'Vaccinated i1~ Hungary. 

1930 4,278 1935 85,721 

1931 4,245 1936 269,424 

1932 3,848 1937 384,137 

1933 14,242 1938 481,406 

1934 35,673 1939 752,500 

The vaccine is prepared by "Phylaxia Ltd.", a commercial 
undertaking placed under recognised scientific direction and 
purveyors to the Hungarian Government of sera and vaccines for 
medical and vetelinary use. Their vaccine is a glycero-phenolised 
emulsion of fixed virus from sheep-brain and is subjected to official 
control. To be passed, it must still retain a degree of virulence 
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sufficient to kill at least one rabbit out of three when inoculated 
subdurally at a dose of 0,15 g. 

Vaccination- which in no way excludes the strict enforcing 
of the usual sanitary police measures - is carried out in a single 
injection and must be repeated annually. Owners of dogs over 
3 months old are obliged to have them vaccinated or revaccinated 
at their own expense before a given date. If the inoculation is 
performed by an unofficial ·veterinary surgeon, the vaccination 
certificate must be presented to the authorities within three days. 
If the owner of a dog has neglected to have it treated within the 
prescribed time-limit, he must present it to the district veterinary· 
surgeon at tli.e time and place specified. The animal will be 
vaccinated for the official small charge unless it belongs to an 
indigent person, in which case the inoculation is given free of charge. 
The certificate of vaccination has to be produced before the dog 
tax can be paid. 

Whilst the reduction of rabies cases in dogs has been impressive 
where vaccination has had time to produce its full effect, the number 
of persons obliged to undergo Pasteur treatment, although showing 
a marked decrease, has not diminished in the same proportion. 
This might be attributed to the fact that it is necessary to treat not 
only the persons actually bitten, but also those who may have 
run a risk of infection, however remote, thereby increasing the ratio 
between the number of treated persons and that of rabid dogs. 

Italy. 

Whilst a certain number of dogs had been preventively immu
nised with phenolised vaccines at the Rome and Sassari .Anti
rabies Institutes, and with dried cords at the Bologna and Palermo 
Institutes, the vaccine which was most largely used was Finzi's 
special glycero-phenolised vaccine, prepared by the Veterinary 
Institute, Milan, and administered to some 15,000 dogs between 
1922 and 1926. 

The city of Novi di Modena was the first to make vaccination 
compulsory (1924) ; Turin, Genoa, .Alessandria, Mondovi, Pignerol, 
Bolzano and Merano followed suit soon afterwards as well as the , 
prefectures of Pavia, Piacenza and Treviso (1925-1926); 

The only information we possess on these vaccinations is that 
" they 'were carried out under very strict sanitary supervision and 
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that no failure was observed " (Fmzr (1)). On the other hand, 
when referring to the 2,114 dogs vaccinated at Bolzano, BISANTI (2) 
points out that 44 of them were tested after two, four and sLx months 
by the introduction of street virus into the anterior chamber of the 
eye. The infecting close " had been kept within the most restricted 
limits, as was shown by the control animals which had been infected 
in the same way. The results yielded by vaccination proved 
insufficient ". 

We have in vain attempted to collect data concerning the later 
development of canine vaccination in Italy. It does not appear, 
however, that this measure has been extencled to the whole of the 
country, at least officially, since a circular, dated October 9th, 1935, 
issued by the Director-General of Pnblic Health; which referred 
to the prophylaxis of canine rabies, did not mention vaccination, 
but insisted only on the necessity for capturing stray dogs and of 
keeping under observation for sL"l: months the animals likely to have 
been infected. 

Lithuania. 
The State Veterinary Institute delivered 18,447 preventive doses 

of canine vaccine during 1933. 

Poland. 
In 1934, a Committee of the Polish Association of Veterinary 

Surgeons expressed the view that the preventive 'vaccination of 
dogs should not be taken as the basis of rabies control in Poland,, 
but that, applied individually, this measure could be a useful com
plement to it. The Committee therefore asked .that the existing 
prohibition of the immunisation· of dogs should be lifted. 

It is no wonder that, in these circumstances, the number of dogs 
vaccinated between 1925 and 1935 did not exceed 652, of which 
128 were revaccinated after a year. The vaccine, prepared for 
experimental purposes at the State Institute of Hygiene, Warsaw, 
was of the phenolised type. None of the treated dogs developed 

(') L(l, Olinica veteri11aria, 1927, page 274. 
(2) Bull. Office i11tern. des Epizooties, 1931/32, o, 121. 
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rabies, although several of them were bitten by certainly rabid 
animals. 

Portugal. 
As early aa 1925, the preventive vaccination of dogs was made 

compulsory by a decree of the Minister of .Agriculture (1 ). The 
carrying-out of this measure was entrusted to the municipalities 
which, according to the decree, were to organise vaccination centres 
and to establish kennels where imported dogs would remain until 
vaccinated. In point of fact, sixteen municipalities only were in 
a position to meet these requirements. Nevertheless, as the result 
of an active propaganda campaign, 721731 dogs, out of the 350,000 
in the country, were immunised between 1925 and 1929, 56,614 of 
them with Umeno's vaccine and the others with killed vaccines of 
various types. 

Fifty-two cases of post-vaccinal paralysis, several of which were 
fatal, were observed among the dogs treated with Japanese vaccine 
- i.e., a percentage of 0.09. In four cases, the presence of fixed 
Tirus was detected in the brains of animals which succumbed after 
inoculation. 

In many instances it was definitely proved that vaccinated dogs, 
subsequently infected, had remained immune ; thus, in the district 
of Braganza, a rabid dog had bitten numerous others, one of which 
had not been vaccinated ; the latter alone contracted rabies. In 
Serpa, the opposite cal!e was observed : the dogs bitten had 
not been vaccinated except one, which was the only one to 
survive. 

As from 1935, the annual number of vaccinations showed a 
definite tendency to decline ; by a Decree of .August 15th, 

(')The following is a translation of Article 1 of this Decree, which was 
promulgated on November 16th, 1925, under No. 11242: 

Anti-rabies vaccination of dogs over 4 months old is declared compulsory 
tbro~ghout the territory of the Republic. The importation of dogs 
rem~ms pro~bi:ea except in cases where it is proved that they were 
v~ccma~ Within the year preceding the date of importation. 

The unportation of non-vaccinated dogs may be authorised, provided they 
are ~eclared and placed in municipal kennels until they have been duly 
vaccmated. 
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1939 (1
), therefore, the Minister of .Agriculture relieved the 

municipalities of the duty of providing for the immunisation of dogs 
and entrusted the Department of the Director-General of Stock
breeding with this task, the expense involved being chargeable to 
the budget of the latter. 

In the Instructions relating to the enforcement of this decree, it 
is specified that vaccination shall be made compulsory in communes 
on application being made to the Department of the Director
General of Stock-breeding by the municipal veterinary surgeons or, 
failing this, by the Inspectors of Stock-breeding. .After vaccination, 
a numbered certificate will be delivered to the owner to enable him 
to obtain the municipal dog licence. 

The question of the vaccines to be used was settled by a decision, 
dated .April 8th, 1940, of the Director-General of Stock-breeding. 
The active glycero-phenolised vaccines of the Umeno type are 

( 1) The following is a translation of some of the Articles of this Decree 
(No. 29441}: 

Article 1. - The Department of the Director-General of Stock-breeding 
shall be empowered to declare compulsory the vaccination of dogs 
against rabies by communes or by regions, according to requirements, 
and having regard to the quantities of vaccine available. 

The notification rendering vaccination compulsory shall be commu
nicated by means of posters displayed in the usual public places . 

.Article 2. - In communes where anti-rabies vaccination has been declared 
compulsory, dog-owners shall be obliged to present their animals for 
vaccination on the day and at the time and place appointed by the 
veterinary authorities. 

Dogs introduced in these communes shall be presented for vaccination 
within ten days of their arrival . 

.Article 3. - ll!unicipal licences for the possession and the circulation of 
dogs . . . · shall be granted only on presentation of a vaccination 
certificate, or of a duplicate thereof should the original be lost. 

If the vaccination has been carried out by a veterinary surgeon 
chosen by the owner, the certificate issued by the veterinary surgeon 
shall be presented to the competent official authority and endorsed by 
the latter . 

.Article 4. - The expense involved, including the cost of vaccines, shall 
be bome by the Department of the Director-General of Stock-breeding. 

The use of vaccines chosen by the owners and approved by the 
Department of the Director-General of Stock-breeding shall be 
authorised. 
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authorised if they are so attenuated as to have lost their patho
genicity by the subcutaneous or intramuscular route whilst remaining 
virulent for the rabbit or guinea-pig when introduced subdurally ; 
the same applies to vaccines derived from phenol- or formol-killed 
virus, provided that the amount of nervous substance administered 
to the animal is at least 1 gramme. In order to ensure that locally 
produced or imported vaccines meet this requirement, the percentage 
of nervous substance present in the vaccine must be indicated on 
the container. 

In 1939, 18,365 ampoules containing 5 cc. of a vaccine constituted 
by a 5 or 10% fixed virus emulsion in saline, glycerinated at 30% 
and phenolised at 0,75%, were used in Portugal. For the first 
vaccination, the equivalent of 4 grammes of cerebral matter is 
administered in a singl-e .inoculation ; for revaccination, the quantity 
can be reduced to 1 gramme. 

Of 1,400 dogs treated in 1939 in the district of .Arganil, 1 died 
of rabies (confirmed by laboratory ex!l,mination), but it is )lOt certain 
that the vaccine dose administered was sufficiently large. 

The graph which may be constructed by plotting the number of 
persons treated annually in the three anti-rabies institutes of 
Portugal (1) rises progressively from 11094 in 1910 until it reaches 
5,196 in 1919. When preventive vaccination was enforced (1925), 
the curve stood at 4, 793. In subsequent years, the decline was at 
first very rapid, then less so, the annual figures being : 

Year 
Number of persons Number of persons 

treated Year treated 
1925 4,793 1930 1,543 
1926 4,409 1931 1,337 
1927 3,650 1932 971 
1928 2,736 1933 766 
1929 1,655 1934 659 

. Taking only these figures into consideration one would be 
inclined to attribute their diminution to canine vaccU:.ation . .Although 
the rOle of this factor cannot be entirely disregarded, account must 
be taken of the general trend of the curve and this seems to indicate 
the decline of an epidemic wave. A similar conclusion is reached, 

(1) Bun. Office intern. des Epizoo!ies, 1935, 10, 393. 
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moreover, by setting out, as hereunder, the figures showing the 
number of persons treated aunually at the Camara Pestana Institute 
Lisbon: ' 

Year 
Number of persons Number of persons 

treated Year treated 
1928 1,329 1934 374 
1929 726 1935 945 
1930 685 1936 637 
1931 631 1937 933 
1932 408 1938 2,028 
1933 265 

The reduction is certainly marked between 1928 and 1933, but 
the subsequent rise is no less striking and indicates, perhaps, the 
beginning or the peak of a new wave of infection. 

As regards the effect of canine vaccination, Professor MARQUES 

nos SANTos, Director of the Anti-rabies Department, Coimbra~ 
considers that, although this measure may have contributed to 
reduce the frequency of rabies in Portugal, the lack of precise infor
mation from veterinary sources precludes any pronouncement as to 
its real value. 

Roumania. 
A vaccine obtained by the action of formol on street virus -and 

not on fixed virus as required by the method of Plantureux
was prepared in 1928 at the Bucharest Veterinary School. To 
confer immunity, three injections at four days interval, or two 
injections at twelve days interval, were considered necessary. 
Thirty-one dogs thus treated all resisted the subdural, intraocular 
or intramuscular administration of street virus. 

Although attempts to vaccinate dogs preventively were sub
sequently made in various anti-rabies and veterinary institutes 
throughout the country (Bucharest, Chisinau, Cluj, Jassy), the intro
duction of compulsory canine vaccination is not contemplated 
at the present time. 

Spain. 
In a circular, dated .August 6th, 1927, issued by the Department 

of Agriculture, it was stated that no reference to preventive 
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vaccination had been made in an earlier order concerning action 
a.gainst rabies because that measure seemed to be of slight efficacity 
and even dangerous. Civil Governors were accordingly recom
mended not to issue orders making vaccination compulsory but, 
on the other hand, to allow optional vaccination, provided that 
statistics were kept showing the numbers of dogs treated and a 
report drawn up concerning the results observed. 

It was on the recommendation of LOPEZ (1), who had visited 
the United States for the purpose of studying the results obtained 
by the use of the Japanese method, that canine vaccination was 
introduced into Spain, where it was afterwards made compulsory. 
The Regulations of September 26th, 19331 concerning Animal 
Diseases (2) provide that, when a district is declared infected with 
rabies, all the dogs therein must be vaccinated. 

Between 1933 and 1935, more than 5,000 dogs were treated 
and the results obtained were considered satisfactory. 

Yugoslavia. 

Research work on canine vaccination was first undertaken in 
1935 at the Zagreb Veterinary School with a view to perfecting a 
vaccine obtained from non-attenuated fixed virus ; this vaccine, 
which proved innocuous, was mainly used for cattle. 

Nowadays, the vaccine utilised for the immunisation "of dogs is 
prepared by three Government institutes : the Belgrade and Zagreb 
Institutes deliver pheno~-attenuated and killed vaccines, whilst 
the Novi Sad ·rnstitute prepares ether-killed vaccine, according 
to Hempt's method. From 1934 to 1939, 81757 dogs were preven-

(
1

) BuU. Office intern. des Epizootias, 1935, 10, 389. 

(
2
) The following is a tran.alation of Article 218 of these Regulations : · 

When a case of canine rabies is confirmed in any district, the Civil Governor 
shall declare that district to be in a state of infection and if from the 
facts asce:tained, there.ie shown to be any probability that' the rabid 
dog ~as bitten other awmals outside the infected locality, the measures 
entailed by the declaration shall be extended to such other places as 
may be con.aidered to be contaminated. 

The official d~laratio~ of rabies shall entail the compulsory vaccination 
of all dogs m the district or districts declared infected and the curative 
treatm~nt, if sucl! treatment is possible, of larger animals that have 
been bitten. · 
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tively treated with phenolised vaccines and 11025 with etherised 
vaccine. The 3 cases of post-vaccinal paralysis which occurred 
all recovered. In a region where 113 cases of canine rabies had 
been observed during the two years preceding the introduction of 
vaccination, only 22 cases were reported during the following two 
years, and they occurred in non-vaccinated animals. 

These results led the authorities to apply vaccination on a larger 
scale. In 1940, 12,419 dogs were immunised free of charge, by means 
of a single inoculation, in the most-infected districts of Croatia ; 
it was hoped to reach the figure of 22,000 vaccinations before the 
end of the year. It had, furthermore, been planned that all dogs 
in the region limited by the Rivers Drava and Sava shonld be 
immunise<l, so as to create a zone of defence against the westward 
spread of rabies. This plan, which involved the vaccination of some 
50,000 dogs, could not be carried out in view of the general situation 
and for financial reasons. · 

Canine vaccination remains optional in Yugoslavia; in 1938, 
the Ministry of .Agriculture had, it is true, convened a meeting of 
experts to discuss the possibility of making the measure compul~ 
sory, but no conclusion in favour of doing so was arrived at. 

Reporting in 1939 to the Congress of the National Veterinary 
.Association, KoDRNJA (1) suggested adding to the sanitary police 
measures in force : 

(1) The optional vaccination of all dogs ; 
(2) The compulsory vaccination of sheep-dogs, police-dogs 

and hunting-dogs in contaminated districts ; 
(3) The compulsory vaccination of all dogs in the event of 

a marked epizootic. 

5. INTERNATIONAL .AGENCIES 

The International Rabies Conference of 1927 passed the following 
resolution on canine vaccination : 

" In spite of the importance of the results alrea~y acq~ed 
in the study of anti-rabies vaccination of the vanous anunal 
species, and the large number of animals already successfully 

(') :YugosZ. Vcterin. GlMnik, 1939, 19, 73. 
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vaccinated, the Conference does not co?sider. that it _is ~ a 
position to propose important changes m sa~1tary legislation. 
Nevertheless, the Conference considers it desrrable that: 

" (1) Dogs be given prophylactic vac?ination against ~abies ; 
such vaccination as far as poss1ble, should cons1st of a 
single inoculatio~ of a dead. virus. (still cap~~le of con
ferring immunity), or of a fixed VITUS1 modif~ed or not, 
which is not pathogenic to the dog when maculated 
subcutaneously or intramuscularly ; 

" (2) This prophylactic vaccination should be repeated each 
year; 

"(3) Such vaccination- at least at the beginning- should 
be applied only in anti-rabies institutes and schools of 
veterinary medicine or by the local veterinary authority 
concerned; 

"(4) The administrative supervision should be such as to 
provide for the enumeration of vaccinated dogs and 
their inspection by a veterinary authority at the end 
of the fourth month ·following vaccination ". 

At the International Conference which was held at Bucharest 
in 1938 to honour the memory of Professor Babes, the use of the 
various methods of preventive canine vaccination was advocated 
as a complement to sanitary police measures. 

The point of view of the veterinary surgeons has been stated 
on three different occasions by the Committee of the Office interna
tional de8 Epizooti68. In 1928 this body expressed the follo,ving 
opinion: 

" The control of rabies can be facilitated. by preventive 
vaccination, but the latter should be applied exclusively to 
healthy dogs placed under veterinary supervision, and this under 
the following conditions only :· 

" (1) T~e va~cination mus~ be carried out by means of a 
killed VIrus, or of a VITUS so attenuated that it can no 
longer convey rabies by subcutaneous or intramuscular 
injection; 

" (2) The vaccination of dogs which have been bitten by 
rabid or suspect dogs, or by cats, is strictly forbidden." 

Further, this Committee notes in 1931 : 

" that its previous resolutions are still valid. Conclusions as to 
the prophylactic value of vaccination cannot be framed until 
further observations are available. 
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" It is indispensable that, prior to vaccination even if carried 
out by means of a~ ~dmittcdly killed vaccine, a' notification be 
made to the author1ttcs concerned, and that the vaccines should 
be subjected to a sanitary control. 

" The collection of information relating to anti-rabies vacci
nation in various animal species should be pursued." 

Lastly, in 1935, the Committee expressed the view that canine 
vaccination should not : · 

" constitute a general method of prophyl~xis. It may be used 
with the required precautions, in countries where for some rcaso~ 
sanitary measures cannot be fully applied". 

It is worth noting how carefully the opinions just quoted are 
formulated. No allusion is made to the possibility of not killing 
at once vaccinated dogs bitten by a suspect animal. In other 
words, in the view of the Committee, vaccination cannot be accepted 
as justification for an exceptionally favourable attitude towards 
vaccinated dogs. 

* * * 
Any endeavour to formulate an opnnon on the efficacy of a 

vaccination process is always a delicate task. It will, however, be 
facilitated if certain numerical data are available, and these, in the 
present case, should be : 

(1) The proportion of vaccinated dogs to the totaZ canine pop1tZation. 
Whilst the number of animals vaccinated aunually is usually known, 
the size of the canine population is seldom indicated and, if given, 
the figures are only approximate. The ratio between vaccinated 
and non-vaccinated dogs cannot therefore be computed exactly. 

(2) The percentage of rabies cases in vaccinated and non-vaccinated 
dogs. Infections, developing among vaccinated dogs -which are 
mostly domestic - arc relatively easy to trace. But this is not the 
case with non-vaccinated dogs, which are mostly stray dogs and, as 
such, are particularly exposed to infection. .As, further, exact 
information as to the proportion of vaccinated dogs is lacking, any 
attempt to compa.re the morbidity in the two groups must yield 
very imperfect results. 

It would be different if, instead of considering non-vaccinated 
dogs as a whole, a choice was made amongst them of a group of 
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dogs which could be kept under supervision. In this way, compa
rison would be facilitated, but the chances of infection would no 
longer be the same as in the case of dogs free to wander at large. 
No such experiment seems, moreover, to have been attempted. 

(3) The number of pm·so?!8 applying fol' Pasteur t1·eatment bejo1·e 
aml after the int?"oiluetion of prtl'Ventive eanine vaccination. .At the 
risk of hurting the feelings of inveterate dog-lovers, the following 
remark seems in place : in the last resort, it is not the life of the dog 
that matters, but the life of the man. There bas been a tendency 
to overlook this when arguments of a moral, sentimental or even 
pecuniary character have been advanced in favour of canine vacci
nation. For the appraisal of this measure, the decisive factor must 
be a reduction in the number of persons exposed to rabies infection. 
In civilised countries - and they are countries where canine vacci
nation has been introduced - this number is practically equal to 
that of persons applying for Pasteur treatment shown in the 
statistical reviews which the Health Organisation has published 
during the last ten years. The fluctuations in this figure may, 
accordingly, be easily followed, but it will have to be established 
whether any reduction that may have occurred is, in fact, attri
butable to canine vaccination or whether it might have been brought 
about by other factors, such as the spontaneous decline of an epi
zootic, the enforcement of more drastic sanitary police measures, 
etc. 

The factor of " risk " must also be taken into consideration so 
as to emphasise the difference which exists, from this angle, between 
human vaccination and canine vaccination. This renders it a still 
more delicate matter to pass judgment on the results furnished by 
the latter . 

.All persons applying for Pasteur treatment - which is a vacci
nation after a bite, hence curative - have run a risk of infection 
the gravity of which depends on the site and type of the bite, and 
also on the class (A, B, C) to which the animal responsible for the 
bite belongs. If, for example, one vaccinated person in a thousand 
has contracted rabies, this proportion might serve as a criterion fo~ 
appraising the Pasteur treatment, since it is admitted that all who 
have undergone this treatment have been exposed to infection, 
though in varying degrees. 
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Nothing similar applies to preventively vaccinated dogs, since 
the risk they may have incurred cannot be evaluated. If ·one 
vaccinated dog in a hundred develops rabies, this does not prove 
that the other 99 have been protected by vaccination, since it is 
impossible to determine whether or not they have been exposed to 
infection. 

With such uncertain premises, it is no wonder that a statistical 
study of preventive canine vaccination has never been attempted. 
Such a study would, moreover, be hampered by a basic difficulty 
as long as the proportion of actually infective bites from certainly 
rabid dogs remains unknown. 

Should one, therefore, in seeking to pass judgment on canine 
vaccination, regard with suspicion the figures given because they 
do not lend themselves to an exact statistical analysis ! On the 
contrary, they are the expression of actual facts and, as such, are 
the only objective data we can rely on. 

Of the results referred to above, the most conclusive, in our 
view, are those relating to Hungary, where rabies, both in vacci
nated and in non-vaccinated dogs, has entirely disappeared from 
the regions in which compulsory immunisation was enforced before 
1938, and where a significant decline was observed in the number 
of 11ersons having recourse to Pasteur treatment. It is worth 
recalling that, in Hungary, dogs receive one inoculation only. This 
is an instance of that flagrant contradiction between practical 
application and the experimental data to which we alluded a.t the 
beginning of this study. In this ea.se, however, we do not hesita.te 
to put our fa.ith in the practica.l results. 

When a country ha.s thus succeeded in stamping out ra.bies, it 
must reckon on periodiea.l reinfections conveyed by ra.bid stra.y 
dogs crossing the frontiers. Theoretica.lly, this should not give rise 
to epizooties since the grea.t ma.jority of the dogs should be immune, 
because they ha.ve been vaccinated. The future will show whether 
this assumption is correct a.s regards Hunga.ry, which is surrounded 
by countries where ra.bies is still preva.lent. 

Immunologically speaking, multiple injections of vaccine should 
confer a more dura.ble and more solid immunity tha.n a. single 
injection. It is not possible, in the absence of compa.ra.ble da.ta, to 
confirm this sta.tement in the case of ca.nine vaccination, this mea.sure 
being optiona.l where immunisation is ca.rried out by means of more 
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than one injection (Algeria, Indo-China, Lebanon, Morocco, Tunis), 
whereas it is, for the most part, compulsory where it is applied in 
a single injection (Hungary, Japan, Portugal). 

Nor does the material collected demonstrate the adva.utage 
which any one type of vaccine might offer over another. In face 
of this inability to draw any conclusion, it is a consolation to realise 
that McKEl\"DRICK, in his " Ninth .Analytical Review " of annual 
reports from institutes concerned with the preventive trea.tment of 
rabies in man (1 )1 does not find it possible to make a choice - as to 
their immunising power - between dried cords, dilutions, killed or 
live phenolised vaccines and ether-treated vaccine. He had, however, 
at his disposal precise statistics covering more than a million treated 
cases ! This shows the complexity of the problem, and also the 
large extent to which the vaccines utilised for the immunisation of 
man are equivalent. 

Can this apply also to the preventive vaccination of dogs? We 
are inclined to reply in the negative, for the following reasons : 
human vaccination seeks to create all rapidly as possible a state of 
immunity which does not need to be of long duration, as the risk 
of infection has already been run and will, in all probability, not 
recur. The experience of the Pastorian era is there to show that 
this result can be achieved by administering repeated, and indeed 
rather massive, doses of a live, attenuated or even killed virus, as 
long as the antigenic properties of the latter are retained. In pre~ 
ventive canine vaccination, on the contrary, the aim is to confer a 
prolonged state of immunity, sufficient to protect against a possible 
risk of infection. To attain this end, the use of a vaccine still 
possessing a certain virulence seems a prim preferable, since a 
pronounced and lasting immunity can be obtained only by the use 
of a vaccine of high antigenic power, especially when the vaccination 
has to be carried out in one injection, or two at the most. Experi
mental data show that this is a property which a live or an incom
plet~ly attenuated vaccine possesses to a higher degree than a killed 
vaccme. What remains to be ascertained - and this is the question 
we raised at the beginning of this study - is whether a certain 
virulence is compatible with innocnity, notwithstanding the fact 
that these two words are .the antithesis the one of the other. 

(
1

} Bull. Health Org., 1940, 9, 31. 
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To appreciate the value of a vaccination process, the rapid and 
total extinction of an epidemic focus can, to some extent, be taken 
as a· criterion. From this standpoint, the example of Singapore 
is worth recalling, especially as the vaccination campaign was based 
on single inoculations. The fact that a drastic suppression of stray 
dogs took place before compulsory vaccination was introduced 
might indicate, however, that the latter was not the only factor to 
which the decline of the outbreak could be attributed. 

A final word on the character, compulsory or optional, which 
canine vaccination may assume. Only when compulsory can it be 
considered as a collective measure of public health prophylaxis. To 
attain any success with it, countries must already possess a sound 
sanitary and administrative organisation ; otherwise, compulsion 
would be in vain. Differences are noticeable, moreover, in the 
method of application : in Malaya, Portugal and Spain, the vacci
nation of dogs is imposed only in the case of a definite epizootic 
and on a provincial or municipal basis, whereas in Cuba, Hungary 
and Japan it is a general measure, periodically applied, the object 
of which is to immunise the greatest possible number of dogs, irres
pective of the degree of infection amongst them. The aims thus 
differ. In the former case, the goal is merely the extinction of a 
local focus, whilst, in the latter case, the object is a more ambitious 
one, since it is nothing less than the complete eradication of rabies. 
The Hungarian attempt, which seems to be nearing success, might 
be taken to show that there is nothing utopian about this. 

Optional vaccination, on the other hand, is merely an individual 
and exceptional measure of prevention: an owner who cares for his 
dog is desirous to save its life in the event of a suspect bite and, at 
the same time, to insure himself against the risk he would run should 
his dog be bitten by a rabid animal. If the dog is to be kept alive 
in such an eventuality, however, vaccination must carry with it, in 
favour of treated dogs, an attenuation of the rigour of sanitary police 
measures, as is the case in Algeria, Indo-China, Morocco and Tunis. 
Elsewhere, it is difficult to see what attraction vaccination could 
offer to dog-owners, who are obliged to defray the cost of t~e treat
ment and to comply with certain administrative formalities, whilst 
being aware that their dog will not escape being killed should a risk 
of infection occUl' ! It is worth pointing out that, so far, a significant 
diminution in the number of persons applying for PasteUl' treatment 



326 VACCINATION OF DOGS AGAINST RABIES 

is observed only where canine vaccination, although remammg 
optional, is given free of charge, as is the case at Hussein Dey near 
Algiers ; as a result of this measure, the proportion of vaccinated 
dogs is very high and has reached a level which probably equals 
that arrived at in countries where canine vaccination is said to be 
compulsory. 

* * * 
At a time when supporters and opponents of preventive canine 

vaccination still confront one another, any conclusion would be out 
of the question. Let us be content with a few remarks : 

First, the experimental study of the process seems to lag behind 
its practical application, since the latter is not founded on the former, 
as should logically be the case. The laboratory will therefore have 
to regain the ground lost and to solve the fundamental problems 
which still remain open, thereby enabling practical application to 
free itself from empiricism. 

Further, the full information required to form a judgment is 
only very rarely given in the sources available. Too often one has 
to be satisfied with vague, unconvincing statements which seem to 
be dictated less by a careful study of the situation than by the 
desire to make it appear in a favourable light. More precision is 
required, and even, let us make bold to say, more frankness. 

Lastly, even if enforced with the most rigorous compulsion, 
preventive vaccination will not reach those dangerous rabies
carriers, the stray dogs. It will therefore still be necessary to 
capture and kill them, not in the interest of the canine population 
itself - which, being vaccinated, can be taken as immune - but 
for the safeguarding of the human community. This implies that, 
amongst sanitary police measures, the preventive vaccination of dogs 
should be considered merely as an auxiliary. 

December 1940. 
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The population of the Union of South .Africa is slightly over 
ten millions, divided into two million Europeans and eight million 
non-Europeans. The non-Europeans may be further subdivided 
into seven million aboriginal Bantus, just under one million Coloureds 
(i.e. Eurafricans and Eurasians) and a quarter of a million .Asiatics. 
The Europeans, as the ruling class, are the highest socio-economic 
section, but even among them malnutrition is prevalent among the 
so-called " poor whites," who probably constitute about a fifth of 
the European population. With isolated exceptions, the whole of 
the non-European population is socio-economically depressed and 
one may therefore assume extensive incidence of malnutrition 
among them. 

No complete nutrition survey of the whole population has yet 
been undertaken. In 19291 the Carnegie Commission investigated 
the "poor white" question in South .Africa, Dr. W. A. MURRAY 
reporting on the health aspect (t), Murray and his co-workers 
collected data regarding the dietaries and body measurements of 
over 1, 700 children from this group of the population. The som
atometric examination consisted of measurements of trunk length 
(sitting height), chest circumference and weight. These were 
related to age in a composite nutrition index. Adverse factors 
other than shortage of food constituents were considered, such as 
malaria, bilharziosis and ankylostomiasis. 

(') MuRRAY, W. A.: "Report of the Carnegie Commission on the 
Poor-White Problem in South Africa". 1932, 4: Hea!lll Factors. 
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LE RICHE'S STUDY OF EUROPEAN SOHOOL·OHILDREN 

IN PRETORIA 

A valuable study of European school-children in Pretoria was 
undertaken last year by Mr. Harding LE RICHE working under the 
auspices of the South-African Council for Educational and Social 
Research (1). He examined children in twenty-one schools. The 
schools were claasified a.s well.-to-do, average and poor, a.ccording to 
the avera.ge economic condition of the homes from which the children 
were drawn. Of the total of 2, 716 white children examined, 513 
were in well-to-do schools, 1,158 in average and 1,045 in poor 
schools. 

A physician carried out clinical examinations of the children in 
six of the schools, and found a very high incidence of malnutrition 
among them. The A.C.H. index ascertained by Le Riche selected 
fewer children aa being ill-nourished than did the clinical estimate. 
But quite apart from this there was no agreement between the 
A.C.H. index and the clinical findings. The A.C.H. findings on 
boys and girls in the twenty-one schools showed that malnutrition 
increased with age for both boys and girls, but there was significantly 
more malnutrition among the boys. It would seem, as other 
observers have found, that here, as elsewhere, boys are more sensitive 
to an adverse environment than girls. Apart from intrinsic differ
ences in metabolism in the two sexes, it is suggested that inadequacy 
of food intake and fatigue are more pronounced among boys than 
girls in view of the greater activity of boys and their consequent 
greater energy requirements. Comparison of the nutritional state 
of children from poor and well-to-do schools gave inconclusive 
results. 

In addition to the arm, chest and hip measurements taken to 
arrive at the A.C.H. index, Le Riche made a number of other 
measurements such as weight, standing height, sitting height, 
hi-acromial width, bi-trochanteric width and skin and subcutaneous 
tissue measurements. Girls were found to be heavier than boys in 

(') LE RICHE, H. : "A Study of European School-children in Pretoria." 
South-African Council for Educational and Social Research. 1940. Series 
No. 13: Physique and Nutrition. 
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all tho age groups studi~d (8 to 14 years) except at 9% years, where 
tho weights of the two sexes are virtually identical. The boys 
were taller than the girls from 8% to 9%, years and after 13 ~ years, 
the girls exceeding the boys in height from 9% to 13~ years. Except 
at 10% years, where the measurements were the same, the boys 
were found to have larger chests than the girls. The girls exceeded 
tho boys in bi-iliac width at all ages. In sitting height the boys 
were taller than the girls up to 10 years, after which age the girls 
were the taller. In upper arm girth the girls had thicker arms than 
the boys at all ages. As regards economic conditions, "poor " girls 
and boys were found to be lighter than those financially better off ; 
" poor " children were shorter than those more favoured, the dis
crepancy being more pronounced among the girls, who were signifi
cantly shorter in more age groups than in the ease of the boys ; 
" poor " boys had shorter trunk lengths in only two age groups, 
while " poor " girls were shorter in four age groups than the more 
privileged children ; the normal thoracic circumference was smaller 
in both sexes of " poor " children in most of the age groups ; the 
hi-iliac width was smaller among " poor " boys in only two 
age groups, among " poor " girls in six age groups ; both " poor " 
boys and girls had smaller upper arm girths (relaxed) than the 
more favoured children. 

Finally, Le Riche examined the food consumed in 68 of the 
families from which his school-children were drawn. The median 
family income was found to be £20.63 per month; of this 40.68% 
was spent on food. In the case of 55 of the families, the caloric 
intake was below 41000 per man unit per day. Assuming that the 
protein standard should be 80 grams per man unit per day, it was 
found that little more than half of the families studied had a protein 
intake of less than this figure. Assuming a standard requirement 
of 100 grams of fat per man unit per day, 45 of the budgets (66%) 
fell below this standard. Calcium intakes were calculated by 
assuming that two-thirds of the dietary calcium came from animal 
sources (mainly milk and milk products) ; on the basis of 0.68 grams 
calcium per man unit per day as a standard, 49 of the dietaries 
(72 %) were defective in this respect, indicating an acute need for 
a higher consumption of milk and its products. 
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l'RELIMINARY GOVERNMENT SURVEY OF THE NUTRITIONAL 

CONDITION OF EUROPEAN SCHOOL-CHILDREN L.'i TBE 

UNION 

National awareness of the evils of malnutrition in the Union 
came to a head in 1937, when a woman member of Parliament, 
Mrs. ~falherbe, raised the matter in the House of .Assembly. 
Government accepted her proposal that a nutrition survey be con
l,lucted and voted the .. necessary, funds (1). The Union Hea.lth 
Department called a. conference. of representatives of the medical 
inspectorates of the Education Departments of the four provinces 
..,.... Cape, Transva&l, Orange Free State and Natal. This conference 
c;Iecided to accept in gener;u the recommendations of the League 
9f Nations group of experts as to the manner of conducting the 
~urvey and to use the general programme laid down in their report 
of .April 1937. 

During the second half of the year 1938, the four Chief Medical 
Inspectors of Schools and their staffs. collected clinical, soma~o
metric and dietetic data regarding 140,928. school-children selected 
at random. This numbe:c constitutes. roughly a third of the 
European school population of the Union. The preliminary con
ference had given the workers an opportunity at arriving at identical 
methods of examination. 

' The clinical ·examination, which is generally admitted to be 
the most difficult to standardise, was, as the result of rehearsal, 
reduced to such uniformity that error due to personal factor wa,s 
largely eliminated. .A ·routine clinical assessment of nutritional 
state of the c;mtdren was ·already in use throughout the four pro
';inces, viz. : 

Class 1 - General condition excellent. 
» 2- » go~d. 

3 - » requiring supervision. 
4 - requiring treatment. » 

('~ . Union Department of Public Health:· "Report on the Nutritional 
Cond1t10n of European School-children in the Union of South Africa, 
1940." 
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Table I shows the distribution of the boys examined in the 
four provinces according to this assessment (Dunfermline scale). 

Table I. 

CLINIC.\L EXAUINATlON OF UNION EUROPEAN SCUOOL·BOYS: PERCENTAGE 

IN EACH NUTRITIONAL CLASS IN EACII PROVINCE 

Province Clnss Class. Class Class Number 1 2 3 4 or boys 

Cape 9.6 58.8 27.3 4.2 19,914 
Natal 22.5 61.0 13.3 3.1 2,747 
Orange Free State 15.3 41.0 35.7 7.9 4,546 
Transvaal 5.3 47.1 39.6 8.0 30,958 

Union. 8.4 51.3 33.8 6.5 58,165 

From this table it appears that 6.5% of the European boys of 
the random sample examined were obviously ill-nourished, and as 
an approximate figure the sample reveals that malnutrition in 
varying degrees exists in 40% of the European school-boy population. 

The nutrition condition of European school-girls in the Union, 
as revealed by the clinical examination, is set out in Table II. 

Table II. 

CLINICAL EXAUINATION OF UNION EUROPEAN SCHOOL·GIRLS : PERCENTAGE 

IN EACH NUTRITIONAL CL,\SS IN EACII PROVINCE 

Province Class Class I Class Closs Number 
1 2 3 •l or girls 

Capo 6.8 61.4 26.7 5.1 14,482 
Natal • 27.7 60.9 9.5 1.8 1,956 
Orange Free State 22.3 45.7 26.9 5.2 2,859 
Transvaal 8.4 54.9 31.4 5.3 16,385 

Union. 9.9 57.1 I 27.9 5.0 35,682 

Comparing the boys and girls for the whole of the Union,. the 
latter are found to be much more satisfactory. While 40.3% of 
the boys showed some degree of malnutrition, this was true of only 
32.9% of the girls. The improved. showing of the girls is due to 
the larger proportion in the second nutritional class - boys 51.3 %, 
girls 57.1 %· Further, fewer girls than boys fall into the fourth 
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nutritional class ; marked malnutrition wall found among 6.5% of 
the boys and 5% of the girls. 

The boys appear to be more seriously affected by malnutrition 
both in the Union as a whole and in each province, with the excep
tion of the Cape. Natal is the best and the Transvaal the worst 
province for both boys and girls. Though the personal factor in 
clinical assessment may admittedly lead to wide variation in results, 
the findings of this survey are nevertheless of considerable value, 
particularly as no similar national studies have hitherto been 
conducted. 

The somatometric e.'IJamination consisted of measuring the weight., 
height and trunk length (sitting height) of each child. In the 
following tables, the avera.ge measurements for each sex for each 
province are compared with the average measurements for the 
total Union boys and girls included in the survey. The comparison 
is therefore, not with the optimum height, weight and sitting height 
possible in the Union, but with an average influenced by the 
inclusion of all children, whether nutritionally normal or not. 

Table m gives the average weight in pounds for each sex by age 
groups. 

Table III. 

AVERAGE WEIGHT OF EUROPEAN SCHOOL-CHILDREN IN THE UNION 

OF SOUTH AFRICA 

I Union Cape Natal Orange Tran~vaal 

Age 
Free State 

)I F )I F M F M F M F 

------------------·--
51.40' 50.37 

: 
7 51.33: 50.17 52.19: 51.29 50.69: 49.99 51.32: 50.32 
8 56.63' 55.43 56.51: 55.35 58.03" 55.98 56.81: 55.47 56.46' 55.46 
9 62.08 61.42 61.67: 61.43 64.24 63.05 62.o3; 61.84 62.oo: 61.15 

10 67 .81' 67.92 67.76: 67.79 69.51 68.69 67 .o3: 68.24 67.66: 67.95 
11 74.21: 76.51 74.oo: 76.38 76.09 79. 72! 74. o8' 77.04 74.02' 76.23 
12 81.22 86.72 81.30: 86.31 82.70 89.30 80.8o; 87.52 80.93[ 86.87 

Table IV gives the number of districts in each province with 
an average weight per boy and per girl below the Union average by 
1 lb and more. 
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Table IV. 

333 

NUllBER OF DISTRICTS GIVING AN AVERAGE.WEIGHT PER BOY AND PER GIRL 

OF 1 LB OR l!ORE BELOW THE UNION AVERAGE 

Province 
I Number i Nu!"b~r Number with average 

of magisterinl or distriCts below Union standard 
districts Included in the by l lb 

1 survey Boys Girls 

Cape 131 88 20 33 
Natal 44 19 0 3 
Orange Free State 33 27 8 9 
Transvaal 41 41 9 3 

Union. 249 175 37 48 

Table V gives the average lteigllt in inches for each sex by age groups. 

Table V. 

AVERAGE HEIGHT IN INCllES FOR EACH SEX BY AGE GROUPS 

Union Cape Natal Orange Transvaal 
Age Free State 

l\( F l\( F Jl[ F l\1 F AI F 
---___ , ___ ----

48. nl 48.21 
----

48.41: 48.18 7 48.311 48.00 48.081 47.84 48.231 47.82 
8 50.39j 50.03 50.18! 49.91 50. 70! 50.32 50.5( 49.92 49.92; 50.18 
9 52.34j 52.08 52.06! 51.95 52.69! 52.34 52.44j 52.23 52.45! 52.17 

10 54.16; 54.17 53.97' 53.96 54.58! 54.44 54.09! 54.26 54.23! 54.39 
11 56.05! 56.48 55.84! 56.35 56.3Ij 56.91 56.18: 56.48 56.15' 56.60 
12 57.93: 58.89 57.75: 58.73 58.04: 59.25 57.95: 59.12 58.M: 59.03 

. In Table VI is shown the nUll1ber of districts in each province 
with an average height per boy and per girl below the Union average 
by half-an-inch or more. 

Table VI. 

NUliBER OF DISTRICTS GIVING AN AVERAGE HEIGHT PER BOY .\ND PER GIRL 

OF HALF-AN-INCH OR l!ORE BELOW THE AVERAGE UNION HEIGHT 

Number Number Number with average 
or districts below Union standard 

Province or magisterial included in the by half-an-inch 
districts survey Boys Girls 

Cape 131 88 19 33 

Natal 44 19 3 2 

Orange Free State 33 27' 2 5 

Transvaal 41 41 0 0 

Union. 249 175 24 40 
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Table VII gives the average sitting height in inches for each sex 
by age group. 

Table VII. 

AVERAGE SITTING HEIGHT IN INCHES FOR EACH SEX BY AGE GROUPS 

Union Cape Natal Orange I Transvaal Free State 
Age 

Ill F :&I F Ill F M : F Ill F 

---------·--------;----·--
7 25.65j 25.34 25.33j 25.10 26.24' 26.06 25.13j 24.79 25.S4j 25.59 
8 26.44: 26.16 26.10j 25.91 27 .03~ 26.71 26.02: 25.62 26.63~ 26.50 
9 27.18: 26.90 26.81~ 26.70 27.94: 27.53 26.77: 26.43 21 .aa: 21.11 

10 27.871 27.74 27.58j 27.50 28.511 28.32 27.271 27.16 28.06: 28.07 
II 28.591 28.74 28.26j 28.51 29.10: 29.35 28.181 28.34 2s.so: 29.01 
12 29.31: 29.86 29.oo: 29.65 29.84' 30.46 28. 76j 29.35 29.53~ 30.17 

: : 

Table VIII gives the number of districts in each province with 
an average sitting height per boy and per girl below the Union 
average by half-an-inch or more. 

Table VIII. 

NUMBER OF DISTRICTS GIVlNG AN AVERAGE SITTING HEIGHT PER BOY 

AND PER GmL OF HALF-AN-INCH OR MORE BELOW THE UNION AVERAGE 

Number Number Number with average Province or magisterial of di•tricts sitting height below Union districts included 
standard by half-an-inch in the survey 

Bous Girls 
Ca.pe 131 88 32 27 Natal 44 19 0 0 Orange Free State 33 27 11 : 12 Transvaal 41 41 1 0 

Union. 249 175 44 
: 

39 

The physical examination results are of considerable interest. 
The tables giving the average weight, height and sitting height by 
sex and age groups indicate that girls in the age groups 7-12 years 
have an average weight and height greater than boys of the cor
responding age groups. In sitting heights the boys have the greater 
~eaaurements. The superiority of the girls in weight and height 
IS not general: only in the later age groups do 'the measurements 
for girls surpass those for boys. ' 
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What is true of the Union as a whole is seen in Tables III v 
' and VII to be true of the individual provinces. In the later age 

groups of the period 7-12 years, the girls are uniformly heavier and 
taller than the boys. The average weights and heights of Natal 
boys and girls are seen to be considerably above those of the total 
Union returns and of the other provinces. This satisfactory condi
tion of Natal school-children is borne out further by the district 
returns, where almost without exception the district averages for 
weight and height are above the Union s.tandards. In the other 
provinces there are deficiencies which, from the various tables, are 
seen to be least prominent in the Transvaal. 

Dietetic Data. 

The difficulties associated with the study of diets are well known. 
In the present preliminary survey, enquiries into individual diets 
were therefore deliberately limited to certain general factors. Even 
so, the data. are to be accepted with reservations. They must only 
be interpreted as giving certain very broad indications as to dietetic 
deficiencies. .Adequate dietetic studies can only be accomplished 
by more intensive investigation than was possible in the present 
general survey. The facts collected in this preliminary survey were 
set out in a number of tables showing the percentage of boys and 
girls taking certain meals and articles of diet. These tables revealed 
that, in general, there is no mass lack of food among European 
school-childr~n in the Union, the great majority of them having 
three meals a day. Most of them also have meat and vegetables as 
regular articles of diet. .A very serious defect revealed by these 
tables is that only a third of the European children have milk as a 
regular article of diet, while even more serious is the fact that a 
third of the children receive no milk at all . 

.A much larger proportion of Natal children receive milk, veget
ables and fruit regularly than of the Union as a whole orCapeProvince 
children. This is in keeping with the clinical and somatometric 
findings that the incidence of malnutrition and departures 
from the physical standards were least in Natal. Even in 
Natal the consumption of milk by children is not satisfactory, 
as 20.4% of the boys and 20.1% of the girls do not receive this 
article in their diet. 
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Conclusions. 

The Governmental report is of value as it provides the first general 
assessment of. the incidence of malnutrition, the variation of physical 
measurements of weight, height and sitting height, and the broad 
dietetic intake of European children in the Union. 1\falnutrition as 
revealed by clinical examination and physical measurement is shown 
to be present in minor forms in large numbers of European children. 
The survey records indicate, however, that, in this section of the 
population at any rate, gross starvation and gross deficiency are 
not prevalent. 

The survey records are confirmatory of scientific studies in other 
countries that. the assessment of malnutrition is a difficult subject 
and that the use of the clinical method is subject to much variation. 
In the present study this is borne out by the results of the clinical 
and physical tests not being correlated in all cases. Accepting the 
summation of evidence provided by the three sets of data - clinical, 
physical and dietetic - the broad deductions possible from the 
survey material are as follows : 

(a) Gross starvation in Europeans on a mass scale has not been 
revealed; 

(b) Malnutrition of varying degree, but mostly in minor forms, 
affects approximately a third of both European boys and 
girls: 

(c) Deficiencies in height, weight and sitting height affect 
chiefly the Cape and the Orange Free State. Natal children 
are on the average above the Union standards in all three 
features. 

(d) Dietetic deficiencies are chiefly those of the important 
protective foodstuffs - milk, meat, vegetables and fruit. 

BANTU SURVEY 

The preliminary general survey of school·children left untouched 
the large Bantu population. Considerable evidence had accumulated 
of malnutrition often to a marked dearee among these people. 
Extensive outbreaks of pellagra (1) and., other deficiency diseases 

.<
1
> CLUVER, E.~·: "Pellagra among the 1\Iaize.eating Natives of the 

Umon of South Africa. " Brit. 1lled. Jl., 1929, October 26th, page 751. 
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have been described. The Union Health Department therefore 
considered it imperative in carrying out the wishes of Parliament 
to collect some reliable information of this group. The available 
funds allowed of only a small investigation. A small itinerant 
team examined selected sample groups. The work was undertaken 
by Dr. S. KARK and 1\Ir. B. LE RtcHE1 both of whom had ·had 
previous experience in field nutrition investigation (1). They spent 
one month in collecting information regarding 800 school-children 
in each of the following Bantu communities : Pretoria City Location, 
Witzieshoek, Bloemfontein Location, Qumbu and Kentani in the 
Transkei, 1\Iaritzburg Location and Nqutu in Natal, Tzaneen and 
Bochem in the Northern Transvaal. These nine communities repre
sent fairly typical urban and rural Bantu groups in the Transvaal, 
the Orange Free State, the Transkeian Territories and Natal, the 
chief native areas of the Union. The limited information regarding 
7,000 Bantu children, which the Bantu survey aims to gain, is 
admittedly an imperfect foundation upon which to establish the 
degree, nature and types of malnutrition in the 7,000,000 people 
composing the total Bantu population of the Union. School groups 
were chosen for examination, as they alone were easily accessible 
and offered roughly comparable social and economic Bantu classes 
in the different areas of the Union. 

Before commencing their work, the two members of the team 
tested the record forms and the technique of examination on a group 
of Bantu children in Pretoria. Besides testing the procedure, this 
trial enabled the observers to arrive at standards of physique and 
methods of classification which would reduce the variability in 
assessment on passing from group to group. The Director of the 
South-African Institute for 1\Iedical Research arranged for the 
laboratory work associated with the Bantu survey to be undertaken 
at the Institute. The following facts were secured for each child : 
age, appearance, weight, standing and sitting heights, chest circum
ference, upper arm girth, chest depth and width, bi-iliac and bi
trochanteric width, and the thickness of the subcutaneous tissues at 
various sites. A full clinical examination of each child, and a collection 
of blood, freces, urine and throat swabs from a sample was also made. 

(1) GEAR, H. S., and CLUVER, E. H.: "The South-African Programme of 
Nutritional Studies." Soullt-African Med. Jl., 1939, September 23rd. 
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Through the active interest and co.operation of City Councils 
and Medical Officers of Health of Pretoria, Bloemfontein· and 
Maritzburg, the Government Native .Affairs Department, the various 
Provincial Educational Departments and the local officials, the 
investigation has succeeded beyond expectation. In no case has 
there been any difficulty in getting the children to submit to 
examination. 

STUDY OF .L~ INDIAN COliiJUUNITY 

The preliminary. school survey included. records of a small number 
of Indians in Natal. The number scarcely sufficed to allow of critical 
analysis ; so it is fortunate that a Government investigation in 
Durban will contribute something more tangible to understanding 
malnutrition in the Indian community, whose social and dietetic 
customs illifer so greatly from those of other social groups (l). 
Dr. B . .A.. DORliiER, Medical Superintendent of the King George V 
Jubilee Hospital for Tuberculosis, has examined 1,000 Indian 
scbool·children in Durban and bas also collected very full data 
concerning the existence of food deficiency conditions among them. 
In addition, dietetic facts of the families included in the surve;r 
were gathered. .A. comprehensive report on the various factors 
possibly influencing nutrition in the Indian community will thus 
become available. 

OTHER NUTRITIONAL RESEARCH IN PROGRESS 

The studies mentioned above required only a proportion of the 
appropriation voted by Parliament for the nutritional survey 
programme. The sum available was entirely insufficient to equip 
the Union Health Department for the highly technical research 
involved in proceeding to the next stage recommended by the 
League of Nations experts, which required intensive studies of 
dietetic, social, economic and agricultural factors on tlie one hand, 
and detailed medical, bio·chemical and physiological findings on the 
other. The Department was unable to release its routine medical 
officers, even if they bad bad the p~erequisitc exp~rience ana 

(
1

) See footnote on page a37. 
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knowledge of techniques to undertake such highly specialis~d work. 
Further, there were no departmental facilities available in tho nature 
of fully equipped laboratories. The possibility of further stages in 
tho work being undertaken by extra-departmental agencies was 
therefore examined. Such agencies would require personnel ex
perienced in the special techniques and a basic organisation capable of 
handling the mass of work involved. Fortunately, the Department's 
approach to the three institutions obviously meeting the above 
requirements- the South-African Institute for Medical Research 
and the Medical Schools of the Universities of Cape Town and the 
Witwatersrand- met with a more than willing response. Relatively 
small grants given to each of these institutions has promoted the 
work involved in tho next stage of the nutritional research pro
gramme. By delegating certain aspects of the nutritional programme, 
tho Government has secured some of tho best workers in the field 
and the co-operation of the leading medical institutions in the 
country. Delegation has also resulted in extending and stimulating 
interest in nutritional problems. 

Europeans 01~ tile Witwatersrand: Effect of Social and Economic 
Factors. 

The preliminary general school survey merely revealed the 
incidence of malnutrition. For causes and associated influences in 
social and economic fields, the assistance available in tho medical 
·and social research departments of the University of tho Wit
watersrand was solicited. Professor J. L. GRAY, head of the University 
Department of Social Studies, undertook an investigation into the 
social and economic factors operating in the causation of malnutrition 
in Europeans on the Reef.. The underlying assumptions of this 
investigation are, first, that, in so far as insufficient or improper 
food is a cause of malnutrition, the reasons must be closely analysed 
by a study of the total social condition of families ; secondly, that 
living conditions, other than food habit-s, may play a larger pa~t in 
producing clinical signs of malnutrition than is commonly recogrused. 
The objects of the investigation are : 

(1) To ascertain the incidence and distribution of good and 
bad nutrition, as determined by clinical examination, among 
children of different family and socio-economic condition. Data 
are being collected concerning the size and structure of families 



340 NUTRITIONAL RESEARCH IN SOUTH AFRICA 

and households, occupation and incomes of members, distribution 
of household expenditure, place of origin, duration of urban 
residence and education of members, family health and mortality, 
housing and sleeping conditions and food habits. 

(2) To discover the relations between differences in nutritional 
status and (a) genetic differences, e.g. by comparisons between 
sibs, twins and unrelated individual~; (b) fertility; (c) social and 
educational background of parents ; (d) income; (c) dietetic 
habits ; and (f) other non-dietetic family conditions. 

(3) To conduct experiments into the effects of supplementary 
feeding- e.g., with milk- with groups consisting of institution 
children, twins and sibs, and children in foster-homes. 

(4) To construct a typical minimum human needs budget for 
the Witwatersrand which will serve as a standard by which to 
determine the poverty line. 

(5) To assess the respective importance, if possible quanti
tatively, of alternative procedures to obtain nutritional improve
ments in the population- e.g., better allocation of existing 
expenditure, dietetic education, children's allowances, increased 
family income and better housing. 

Correlation of .Agricultural Factors with Malnutrition. 

An effort to elucidate some of the factors operating in rural 
European communities has been made possible through the 
co-operation of the South-African Institute for Medical Research, 
Johannesburg. Dr. William Fox undertook the investigation of 
problems of production and distribution of foodstuffs, the importance 
of prices and purchasing power, and also the influence of personal 
and family characteristics. This study differs from that of the Wit
watersrand in that an effort is being made to correlate agricultural 
faetors with malnutrition. The team will visit as many localities 
as possible, since rural communities differ greatly in local agriculture 
and in the availability of food, especially the " protective "foodstuffs . 
.As far as possible, areas included in the itinerary are representative 
of different climatic and geographical regions, types of community 
- e.g., large-scale and peasant farming - and finally of different 
types of farming. 
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Intensive Study of l,f)OO Cape Coloureds. 

Though the Union Health Department was able to make good 
to a small extent the unavoidable omission of the Bantu and Indian 
races from the preliminary general survey, it was unable itself to 
investigate the Coloured community. Not to have some knowledge 
of this sect.ion would have been a serious omission, as evidence 
obtained during other enquiries had indicated serious malnutrition 
among them. Professor J. F. BROCK, of the University of Cape Town, 
has started on this investigation. IIe has undertaken to apply all the 
available methods of testing the state of nutrition in respect of 
individual components of the diet - e.g., vitamin C saturation test, 
hremoglobin and blood studies, X-ray of bones and study of calcium 
and phosphorus metabolism. These investigations a:re being collated 
with the results of clinical examination and somatometric measure
ments in a group of approximately 1,000 Coloured school-children. 
The University Depa:rtment of Social Science is studying the families 
of the children examined, in order {a) to place their economic status 
in relation to that of the rest of the population of Cape Town, and 
{b) to study intensively the dietary intake of selected families by the 
family budget method. 

Investigation into tlte Effect of Malnutrition ot~ F1metional Efficiency. 

An interesting approach to the assessment of malnutrition is the 
investigation being carried out by Dr. E. JoKL, of the Witwatersrand 
Technical Institute. IIe has examined the physical performa:nces of 
different racial groups and is co-ordinating these findings with other 
nutritional assessments of the same groups. IIis records include 
tests of short-, middle- and long-distance running races, the short 
putt and long and high jumps. IIis team is also examining various 
groups of children in a:reas other than the Witwatersrand, which have 
already been examined by other workers- e.g., the Indian children 
of Dr. DORMER'S investigation in Natal and the Coloured children 
of Professor BROCK'S survey in Cape Town. It will therefore be 
possible to compare Dr. Jokl's athletic data obtained from various 
racial groups in different parts of the country with the clinical and 
physical findings of the other nutrition workers obtained from the 
same groups. 
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THE POOR RICE .. EATER'S DIET 
by 

W. R. AYKROYD 
Director of Nutrition Research, Indian Research Fund Association, 

Coonoor (S. India) 

The cereals which are most widely cultivated in India are rice, 
wheat, great millet (Sorghum vuZgare), spiked millet (Pennisetum 
typhoideum) and the common millet (EZeusine coraeana) known 
in India as "ragi" or "marua ". Barley and maize (Zea mays) 
are also grown in various areas. But taking the country as a whole, 
the area under rice exceeds that under all other cereals put together ; 
in the great provinces of Bengal, Bihar, Orissa and Madras, rice 
is the staple food of the majority of the population. 

In Ceylon, Thailand, Malaya, Indo-China, the Dutch East Indies,, 
the Philippine Islands and South China, the diet is based on rice ; 
it is said, indeed, that rice is the staple food of about half the human 
raee. It is thus natural that nutrition workers in India and other 
Far-Eastern countries should pay great attention to the problem 
of the nutritive value of rice and the deficiencies of the poor rice
eater's diet; there is no more important problem for them to study. 
A great deal of work on this subject has been carried out in research 
laboratories in India and other Eastern countries. In Coonoor, in the 
last few years, the problem has been investigated from various angles. 

The research programme of the laboratories includes the 
carrying out of dietary surveys in sample areas throughout India. 
A careful quantitative study is made of all the foods consumed 
by a group of families- usually from twenty to forty- the 
survey lasting about three weeks. Surveys have been repeated 
in the same area at different seasons. Intake per consumption 
unit of calories, protein, various mineral elements 'and vitamins 
is worked out, and, in addition, the average composition of the 
diets as regards actual foodstuffs is determined. The table shows 
the foodstuff composition of the diet in various rice-eating groups 
in different parts of India : 



Rice 

Pulses 
Leafy vegetables . 
Non-leafy vegetables 
Vegetable fats and oils . 
Fish, meat, and eggs . 

1\IEAN !NTAKE OF VARIOUS FOODSTUFFS 

(Ounces per consumption unit per day) 

Madras Presidency 
Assam: 

Bengal; 
tea Tea Families 

Rural Plantation with rural plantation 
area labourers leprosy: area labourers 

Madras City 

15.0 18.0 14.0 25.0 19.0 
(millet5oz.) 

1.3 1.0 0.8 0.4 0.9 
0.3 none negligible 0.2 0.8 
1.5 3.0 3.0 7.0 4.0 
0.5 0.5 0.5 0.3 0.3 

negligible 1.5 1.4 0.7 0.7 

Condiments and sugar in small quantities were also included in the diets. 

Central 
Orissa: Provinces: 

rural rural 
area oren 

19.0 26.0 

1.0 1.1 
1.4 1.5 
6.0 3.0 
0.3 0.2 
0.6 negligible 

• The ramUies Included in this survey consumed a little milk (2.2 ozs. per consumption unit per day). 
' One of the Punjab States in the Himalayan foothills. 

Tel1ri-l{ashmir 1 Garllwal' 

26.0 16.0 
(millets 3.0) 

0.6 1.8 
5.2 0.5 
2.0 4.7 
0.9 0.2 
0.2 negligible 
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It seems that the diets of poor rice-eaters are very similar in 
composition throughout India. The figures given in the table 
are based on surveys ca.rried out in widely separated parts of the 
country -area~ some of which are several thousand miles distant 
from each other. The available data justifies the following state
ments : the poor rice-eater in India consumes, in addition to his 
staple cereal, only very small quantities of other foods such as pulses, 
vegetables, and meat. Milk is taken in negligible amounts or not 
at all. While foods other than those listed, such as fruits, may 
occasionally be consumed, the table gives a frurly accurate picture 
of the composition of ordinary daily diets. 

If the diets shown are worked out in terms of protein, minerals, 
and vitamins, and the results compared with the standards suggested 
by the Technical Commission on Nutrition and other standards 
drawn up by physiologists, it is found that the rice-eater's diet 
falls short of such standards in almost every important constituent. 
The deficiency of calcium is particularly striking ; average diets 
based on rice may supply not more than 0.2 gramme calcium daily. 
The importance of this and other deficiencies will be discussed 
in a later section. 

THE MlLLING OF RIOE 

Within recent years there has been considerable discussion in 
Europe and America about the desirability of consuming whole
meal bread in place of bread made from refined wheat flour. In 
general, nutrition workers have urged the wider use of the former, 
which is richer in various food factors, and notably in vitamin B

1
• 

Others have maintained that the ordinary mixed diets of Western 
civilisation contain sufficient vitamin B1 derived from foods other 
than cereals, and that the substitution of the under-milled for the 
highly milled cereal is not a matter of great moment. As regards 
the poor rice-eater's diet, illustrated in the table, there can be no 
controversy of this nature ; it is quite clear that the state in which 
the staple cereal, which supplies 80-90% of total calories, is 
consumed, must be of great importance. The League of Nations 
Inter-Governmental Conference of Far-Ea~tern Countries on Rural 
Hygiene, which met in Java in 1937, expressed itself on this point 
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as follows: 

" The Conference emphasises the fact that the degree of 
milling to which rice is subjected is of vital importance in 
connection with the problem of nutrition throughout the East. 
In many countries, the poorer classes consume foods other than 
rice in small quantities, and it is very difficult, for economic 
reasons, to increase the am~lmt of supplementary foods in 
the diet ; in such circumstances, the nutritive value of the 
main article of food, which is influenced by the degree of milling, 
becomes of great significance." 

The Conference, in its resolution about rice, made no specific 
reference to the beriberi problem. The most important difference 
between highly milled and under-milled raw rice is in respect of 
vitamin B1 content. (This is not so in the case of parboiled rice; 
reference will be made to this point later.) But the outer ·layers 
of the grain are richer than the starchy endosperm in other factors 
- protein, and certain vitamins and minerals besides vitamin B1 -

and the removal of these layers on milling leaves the grain impo
verished in other respects besides vitamin B1 content. 

Throughout the East the habit of consuming rice pounded by 
domestic methods -rice which retains a considerable proportion 
of its integuments - seems to be disappearing. A lengthy discus
sion of "the rice problem " took place at the Java Conference, which 
made it clear that, while all were agreed that the widespread use 
of highly milled rice in Eastern countries was to be deplored, the 
factors underlying the change have been imperfectly analysed 
and understood. Accordingly, the Conference recommended further 
investigation of " the nutritive, commercial, economic, and 
psychological aspects of the problem". The Nutrition Advisory 
Committee of the Indian Research Fund Association (now the 
N:ational Advisory Nutrition Committee for India) took note of 
the recommendation at its meeting in November 1937 and itself 
recommended suitable investigations along the above lines in 
India. 

The enquiry, which is being undertaken by the Coonoor 
Laboratories, is designed to throw light on the following questions : 

(a) To what extent has the habit of consuming milled 
rice spread in India f 
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(b) If it is actually the case that more and ~ore 
people are eating milled rice in preference to under-milled 
varieties, what are the factors underlying this change in habit ? 

(c) Is it possible or desirable to reverse the present ten
dency ! If so, what steps can be taken Y 

The investigation, which has been confined to the Madras 
Presidency (population in round numbers 50 millions), has been 
carried out by the questionnaires and field investigations. While 
it is not yet complete, certain points of interest have emerged, 
to which brief reference will be made. 

It can be reckoned that about 70% of the rice-eating popula
tion of Madras consumes machine-milled rice (in other pa.rts of 
India- e.g., Bengal- the percentage is smaller). In lfadras, 
the custom of pounding rice persists only in certain rural areas, 
and there seems no reason to suppose that such areas will long 
escape the general tendency. If a campaign to encourage the use 
of home-pounded rice is contemplated, it is important that the 
extent to which the substitution of home-pounded by milled rice 
has proceeded should be realised. It is not a question of checking 
a process which has just begun, but of changing a habit which is 
already widely established and appears to be becoming universal. 

The rice mill has spread everywhere, even into remote rural 
areas. Its extended use is bound up with other social and environ
mental changes. The development of transport and the improvement 
of roads enables the rice-grower to bring his grain to the mill. The 
ubiquitous motor-bus has loosened the bonds which attach the vil
lager to his own plot of ground and traditional manner of life. Cheap 
electric power is obtainable over wide areas and other sources of 
power- the steam and internal combustion engine-are familiar 
and obtainable. 

The mill saves trouble and labour. About six hours work per 
week are required to pound sufficient rice to cover the require
ments of an average family. The mill will deal with a similar quan
tity in a few minutes. To take the paddy (unhusked grain) to the 
mill may involve little effort. In certain areas the mill-owners 
collect the paddy in their own carts and mill it for a small charge. 
A frequent ax:rangement is that the paddy is milled for nothing 
on the condition that the' miller keeps the husk and bran. 
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If rice is to be pounded, there must be paddy stored in the 
home. Often the small land-holder may find it necessary to dispose 
of his gra.iu to merchants immediately after harvesting to obtain 
some ready money or credit. . His rice thus becomes an article 
of commerce and is not retained as food for his own use. With the 
money or credit accruing from the sale he obtains machine-milled 
rice - the only kind of rice purchasable in the bazaar - which 
may originate in another part of India or be imported from :Burma 
or Thailand. 

Such large economic groups as industrial and plantation L'tbourers 
and village labourers with small or negligible holdings, employed 
in daily labour in return for wages, are occupied with their daily 
task and have less time and energy to spare for work in the home 
than independent cultivators. Women a.re employed as wage
labourers as frequently as men. Even if the poorer cla4!ses generally 
were anxious to pound grain for their own use, there are various 
other obstacles in the way. Under existing .commercial conditions, 
paddy cannot easily be bought in small quantities for daily use, 
as can milled rice, and poor families ca.nnot afford to purchase 
grain in bulk. Even if they could, they would have no place to 
store it in. Home-pounding requires accommodation which is not 
availa.ble when families are huddled together in huts. Three or 
four instruments are required: two pounders costing about Rs. 1·4·0 
(about 1s. 9d.), a sieve costing about 4 aunas (about 4cl.) and a stone 
mortar. In certam districts the villagers no longer possess the 
necessary pounding instruments. 

In various places, attempts have been made to produce hand
pounded rice as an article of commerce- i.e., groups of labourers 
perform the task of husking more usually carried out by the mill. 
Rice so produced is invariably a little dearer than milled rice, because 
of the cost of the labour involved, just as any hand-made product 
tends to be dearer than a machine-made product. Even the small
est difference in price is all-important to the poor, who are forced 
to buy the cheapest varieties of rice. About a fifth of the rice con
sumed in the Madras Presidency is imported, mainly from :Burma ; 
most of this is milled parboiled rice. As a rule, the imported varieties 
are the cheapest in the market. Elsewhere in India imports are of 
relatively minor importance. 
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At the present time, in South India, a small proportion of the 
well-to-do, influenced by the propaganda of nutrition workers, are 
takina to home-pounded rice and it is largely for the benefit of this 
mino~ty that such rice is now reaching the market in small quantities 
in certain centres. 

In general, then, the economic and social environment is inimical 
to the practice of home-pounding. Economic factors are largely 
responsible for bringing about the present situation. Psychological 
motives- the desire of the poorer classes to imitate the well-to-do 
in their general preference for white, highly-milled, rice- do not 
appear to be of major importance. There is reason to believe that 
the poorer classes in South India would have no objection to under
milled rice if it were easily available and cheap and that, indeed, 
such rice would actually be preferred by a considerable proportion 
of the population. At present under-milled or home-pounded rice 
can ouly be purchased in a few centres. The mills themselves do not 
turn out any under-milled rice. 

As far as South India is concerned, problems of storage and 
transport are not highly significant ili this connection. Under
milled rice, stored under ordinary conditions, deteriorates rather 
more rapidly than milled rice, but, as far as can be ascertained, 
prolonged storage of rice is rare under the present sy,CJtem of distribu
tion. The province lives, as it were, from hand to mouth a~ regard,'! 
its rice supply. Stocks of home-grown and imported rice are rapidly 
consumed and replaced by the next harvest crop or by fresh imports. 

The views expressed above may require some modification 
as more data are collected, and further investigation of certain 
points is necessary. Nevertheless, the preceding paragraphs outline 
roughly certain aspects of the problem in South India. It is probable 
that very similar factors are operative elsewhere in the East. 
ANDERSON (1) describes the introduction of small mechanical mills 
into a rural area in Malaya and the readiness with which local 
rice-growers make use of them. In the district in Malaya in which 
his investigation was carried out, the miller, in return for the service 
of milling, keeps the husk and bran and a small proportion of the 
grain itself, and demands no cash payment. 

(
1

) Jl. Malay Bra11cl' Brit. Med. Assoc., 1938, 2, No. 1. 
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PARBOILED RICE 

In most parts of India parboiled rice- i.e., rice which is steamed 
before milling - is consumed in preference to raw rice. Early in the 
century, BRADDON (1) showed that beriberi rarely occurs when 
parboiled rice is consumed ; this was ascribed by other workers to 
the fact that parboiled rice (at that time) was usually taken in the 
hand-pounded or under-milled state. Some years ago, the present 
writer (2

) showed that parboiled rice retains a considerable proportion 
of its vitamin B1 content even when highly milled ; during the 
process of steaming, some of the vitamin contained in the germ and 
pericarp diffuses through the grain and cannot be removed when 
milling subsequently takes place. Much of the ·rice consumed in 
India is parboiled rice milled to a fairly high degree. The superiority 
of such rice over raw milled rice is shown with great clearness by the 
epidemiology of beriberi in South India. About 40,000 cases of the 
disease are reported annually in the Madras Presidency. Of these 
about 95% occur in a circumscribed area - the Northern Circars -
in the north-east of the province. In this area, the population 
consumes raw rice, whereas elsewhere in South India, and throughout 
most of the country, the poorer classes prefer parboiled rice. In other 
Eastern countries, parboiled rice is rarely or never consumed, except 
by emigrants from India. 

METHODS OF DEALING WITH THE PROBLEM 

The so-called rice problem has been discussed again and again at 
international conferences and many proposals designed to check 
the use of milled rice have been put forward. No very striking 
practical results have emerged, and many regard the problem as 
discouraging and impossible of solution. There is some basis for this 
view. Nevertheless, it should be remembered that Governments, 
and the educated classes in general, are to-day much better informed 
about nutrition than they were a few years ago. In India, for 
example, considerable progress has been made in the education of 

(1) The Cause ana Prevention of Beriberi. 1907. London, Rabmau Ltd. 
(2) Jl,, of Hygiene. 1932, 32, 184. 
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the people, and the nutrition worker can exert a genuine influence 
on dietary habits. National nutrition committees and organisations 
have been established in many countries. There is no reason why 
a. new and vigorous attack on the rice problem should not be made. 

One of the recommendations of the Java Conference- that only 
under-milled rice should be supplied in Government institutions -
is already the practice in various countries. In Madras, there is a 
Government regulation that only hand-pounded rice must be used 
in hospitals and prisons. In the Philippines, an executive order 
forbidding the use of highly milled rice in any public institution was 
issued as long ago as 1909. 

At present there is a tendency in South India, on the part of 
municipalities, etc., to refuse to license new rice mills, or to extend 
the licences of existing mills, the object being to encourage the use 
of hand-pounded rice and provide employment. It is questionable 
whether this policy can achieve results under present economic 
conditions ; the hand-produced product tends to be dearer than the 
milled vaxieties, and, if in a given area the local supply of the former 
is increased at the expense of that of the latter, the result will pro
bably be that the poor will buy milled rice produced elsewhere in 
India or cheap imported varieties. A policy which aims at the 
general revival of hand-pounding throug~out the country is doomed 
to failure. People will not walk if the motor-bus is available, even 
though it may be more healthy to walk. The rice mill is a 
convenience, saving time and labour, and, historically, attempts 
to encourage handicrafts at the expense of machinery have rarely 
been successful. 

In axeas into which the mill has not yet penetrated - in which 
at the present time the population is still econonucally adjusted 
to the production and consumption of hand-pounded rice- the 
position is different. Here there may be a strong case for dis
couraging the introduction of the rice mill. In the Madras Presi
dency, the change-over from home-pounded to machine-milled 
rice has proceeded much further than in most provinces ; in Bengal, 
Bombay, Assam, Orissa, Bihax, the United Provinces the Central p . l 

rovmces, and elsewhere in India, the majority of the rice-eating 
population still consumes home-pounded rice. Throughout the 
country, however, the same trend towards the abandonment of 
home-pounding exists. It is therefore of great importance to 
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decide what. attitude should be adopted towards the penetration 
of the mill into areas in which domestic methods of preparing rice 
for consumption are still largely followed. 

Where the habit of home-pounding has been generally lost, 
and the people are economically adjusted to the consumption of 
machine-milled rice, the only universal solution is the production 
of under-milled rice by the mills themselves and the simultaneous 
education of the people to consume such rice. The example of 
the well-to-do may be of assistance in education. In this case,. 
supply must create demand and demand supply. Whether legis
lation prol1ibiting the production of rice milled beyond a certain 
degree should be introduced is a matter for further consideration. 
Such legislation involves the problem of suitable milling standards. 
In the case of raw rice, it is probable that the establishment of 
standards which are sufficiently satisfactory for use in practice 
does not present insuperable difficulties. With parboiled rice, 
the problem of standards may be less easy to solve, but where 
such rice is used the ill-effects of milling are less serious. These 
va.rious questions are being studied in India. 

The superiority of milled parboiled rice over raw milled rice 
must again be emphasised. In South India, the Brahmin commu
nity prefers raw rice and such rice is quite generally regarded as 
more " civilised ". There appears to be a slight tendency for the 
general use of raw rice to increase in areas in· which the mass of 
the population consumes parboiled rice, possibly because of the 
influence of this idea. This trend should be checked by education 
and propaganda. In the districts in which raw rice is widely 
consumed and in which a serious beriberi problem exist-s, the use 
of parboiled rice should be encouraged. Whether parboiled rice 
can be introduced into other Eastern countries in which beriberi 
is prevalent, such as Thailand and the Philippine Islands, is .a 
matter which should receive the attention of nutrition workers 
in these countries. 

When rice is washed before use it loses a proportion of its 
vitamin Bu the loss depending on the amount of washing, the variety 
of rice, etc. In India, rice is often wa-shed three times previously 
to cooking; on a rough average, this results in a loss of about 25% 
of the vitamin originally present. Further losses occur on cooking 
- amounting to another 25% if excess of cooking water is used 
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and the water is discarded. PLATT {1) ha& suggested that one 
method of attacking the beriberi problem may be to discom·age 
excessive wa&hing. In India, it would be very difficult to bring 
about any change in the usual custom. 

VARIOUS DEFECTS OF THE POOR RICE·EATER1S DmT 

A series of experiments on human beings and laboratory 
animals has within recent years been carried out in India with 
the object of obtaining precise information about the various 
defects of typical diets largely based on rice. It is a tradition 
of the ,Coonoor Laboratories, since Sir Robert McCarrison carried 
out his well-known experiments in which he fed groups of rats 
on diets resembling those consumed by various Indian peoples, 
to devise experiments in which diets composed of natural food
stuffs, rather than highly purified synthetic diets, are employed. 
In one series of experiments with rats, the following diet was used : 

Raw milled rice . . . . . . . 
Dhal arhar (Oajanus indicus) . 
Black gram (Phaseolus mungo) . 
Brinjal (egg plant) (Solanum melongena) . 
Amaranth leaves (.Amaranthus gangetic~ts) 
Raw plantain . 
Gingelly oil • . 
Coconut ... 
Meat (mutton) 

Ounces Grammcs 

21.00 
0.70 
0.70 
1.00 
0.50 
0.50 
0.10 
0.05 
0.06 

596.4 
19.9 
19.9 
28.4 
14.2 
14.2 

2.8 
1.4 
1.7 

This is called the " poor South-Indian diet " in the Labora
tories. The quantities as shown correspond roughly to the intake 
of an adult man per day (2,600 calories). It will be seen that the 
composition of this diet, used in animal feeding experiments, 
corresponds closely with that of diets actually consumed by poor 
rice-eaters in various parts of India, as determined by surveys 
(see table on page 343). 

On this diet, fed in the proportions indicated, young rats show 
very poor growth- an average weekly increase in weight of 
3-4 grammes is the best that can be obtained. In a long series 
of experiments, which have been published in the Indian JournaZ 

(1) TltB Nutrition Problem in the Colonial Empire, Part I, 1939. 
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of Meflical Research, the diet has been supplemented in various 
ways and the effect on the growth rate of rats noted. The 
addition of 28 grammes of dried whole or separated milk powder 
- corresponding to about 220 cc. of reconstituted liquid milk in 
terms of human daily intake - greatly improved the nutritive value 
of the diet for rats. .Average weekly increase in weight for ten 
weeks was 7-9 grammes, twice to three times that occurring on the 
unsupplemented diet, and the general condition of the animals 
was improved. .Another effective supplement was 14 grammes of 
dried yeast. Meat and eggs have some supplementary value but 
less than that of milk. Soya bean and other pulses in varying 
quantities do not form an effective supplement. Rat growth 
experiments of this nature unquestionably provide an indication 
of the foods which can most usefully be recommended as additions 
to human dietaries. 

The effect of the additional milk was remarkable. Milk supplies 
proteins of high biological value and various vitamins and mineral 
salts. It seemed important to investigate the relative significance 
of these factors. .As regards protein, we found that the addition 
of pure protein (casein) to the basal diet produced little improvement. 
Contrary to ·generally accepted views, typical rice diets are not 
markedly deficient in protein ; the proteins of rice are of high bio
logical value. Other experiments suggested that various factors in 
the vitamin B2 group were insufficiently present in the poor rice
eater's diet. But the most striking observation was that much 
of the supplementary effect of milk could be produced by a calcium 
salt. The addition of calcium lactate or calcium phosphate to the 
basal diet improved the· growth rate very considerably, and in 
certain experiments the response to the calcium-supplemented 
diet did not fall far short of the response to the milk-supplemented 
diet. 

Parallel experiments have been carried out on ill-nourished 
children in day schools and boarding-schools. The consumption 
of 28 to 48 grammes of skimmed milk powder daily, in the form 
of reconstituted milk, produced an acceleration in growth and an 
improvement in well-being. Similarly, a daily intake of 0.5 to 
1 gramme of calcium lactate accelerated the growth of children 
and appeared to improve their general condition. The observation 
that the poor rice-eater's diot is deficient in calcium and that the 
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addition of a calcium salt is in itself of value may be of great 
importance. In densely populated and poverty-stricken Eastern 
and tropical countries, the supply of milk is deficient and its cost 
far beyond the reach of the poor. But 1 gramme of calcium lactate 
- a partial substitute for milk - could be supplied daily to a child 
at the cost of 1-2 pence a month. It is not unlikely that the pro
vision of calcium salts on a wide scale to children and adults would 
effect a striking change in standards of health and physique. From 
the biological standpoint, it is very interesting that the nutritive 
value of a diet of natural foodstuffs, consumed by a large pe1·centage 
of the human population of the globe, can be raised by the addi
tion of inorganic substances of which an unlimited supply is 
available. 

Brief mention must be made of other deficienccs of the poor 
rice-e.ater's diet. Keratomalacia due to vitamin A deficiency is a 
fairly common disease in South India and various forms of 
xerophthalmia are observed in a high percentage of school-children. 
Night-blindness is very common. Follicular hyper-keratosis of the 
skin, which has been called toad-skin or phrynoderma, is also 
frequently observed ; vitamin A is in all probability a factor in the 
causation of this condition. The prevalence of such conditions 
shows that one of the common defects of the poor rice-eater's diet 
is deficiency of vitamin A. In the animal experiments described 
above, the animals were well stored with vitamin A at the outset, 
and any improvement in growth rate and general condition brought 
about by the various supplements cannot be ascribed to additional 
supplies of this vitamin. 

The basal diet used contains enough vitamin B
1 

to fulfil the 
requirements of rats under the particular experimental conditions. 
The animals had some store of the vitamin at the outset and the 
addition of pure vitamin B1 did not improve the growth rate. Signs 
of vitamin B1 deficiency were not observed in animals fed on the basal 
diet alone. The experiments were thus designed to throw light on 
defects of the poor rice-eater's diet other than deficiency of vitamin A 
and Bl. They show clearly that, while the vitamin B content 
of rice diets is of great importance, such diets are als~ grossly 
defective in other respects. 

R-ecently, we have obtained evidence suggesting that the poor 
rice diet may be partially deficient in nicotinic acid. The rice-eater 
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rarely gets true pellagra, probably because the nicotinic acid con
tent of his staple cereal is somewhat higher than that of maize. 
But certain pellagra-like conditions- e.g., stomatitis -which are 
very common in various parts of India, are probably due to deficiency 
of nicotinic acid and other factors in the vitamin B

2 
complex. 

Scurvy in severe form is rare in the rice-eating areas of the 
tropics, though intake of fruit and vegetables is often low. Detailed 
clinical investigation might reveal that mild " sub-clinical " forms 
of scurvy are fah·ly common, but so far no worker in the East has 
succeeded in demonstrating the existence of such conditions. In 
India, rachitic diseases are extremely prevalent in certain districts 
in the foothills of the HimaL'l.yas, but in general they are rare in 
rice-eating areas throughout the world, which as a rule enjoy abund
ant strong sunshine. 

l\Iethods of improving the poor rice-eater's diet have been 
frequently referred to in the preceding paragraphs. With regard 
to vitamin A, green leafy and other vegetables, and certain fruits, 
contain this vitamin in abundance. Vegetables and fruits will also 
supply other food factors besides vitamin A. To increase the pro
duction and consumption of such foods in rice-eating countries 
presents no insuperable difficulty. Red pahn oil, obtained from the 
fruit of the tree Elaeis guineensis, is extremely rich in carotene ; 
this oil is consumed in large quantities in Africa and could be popu
larised in other countries. 

In India, the partial substitution of 1·ice by wheat or one of the 
millets has been recommended. This improves the nutritive value 
of rice diets, but is feasible only in certain circumstances. Pulses 
are rich in vitamin B1 and an increased intake helps to obviate 
the danger of beriberi. A greater consumption of fish is also desirable 
for a number of reasons. 

In general, it should be the aim of nutrition policy to rely on 
natural foodstuffs and, as far as possible, on locally produced 
foodstuffs, for the improvement of diet. There may, however, be 
circumstances in which certain groups may benefit from the dis
tribution of vitamin concentrates and mineral salts as such. A pre
paration containing calcium salts, iron, and nicotinic acid might 
be cheaply manufactured on a large scale and distributed to children 
as a sort of milk substitute. The identification and synthesis of 
vitamins, which is proceeding apace, may enable some at least 
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of the important vitamins to be produced in bulk so cheaply that 
their distribution in the parts of the world in which there is greatest 
need of them would be economically feasible. . Those concerned 
with nutrition problems in the tropics and the East should bear 
this possibility in mind. 
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THE RICE PROBLEM 

by 

A. G. VAN VEEN 
Chief of the Chemica.] Department, Medical Laboratory, Batavia. 

In a paper published in 1933 in the Geneeskundig Tijdschrift 
voor Nedc1·landsch-Indie1 Vol. 73, page 945, (1) we had shown 
the effects produced on rice by different degrees of milling, by 
waahing and steaming and the combination of these processes. 
The number of rice samples examined was subsequently increaaed 
to about one hundred. The table given in this previous publica
tion is reproduced hereunder : 

Vitamin B1 content expressed 
in standard international units 

per 500 gr. of rice 

Rice husked Undermilled Polished 
not milled rico rice 

In the original condition . 400- 500 250-400 100- 200 
Aiter washing 250 - 300 125- 200 100 
Mter steaming . - 250-400 100-200 
Aiter washing and steaming about 250 75- 125 100 
Mter soaking and steaming. - 200-250 -
Mter soaking, washing and steaming . - 125- 200 -
Aiter boiling and evaporating - 250 - 400 1100 - 125 
Mter prolonged washing . - well below well below 

100 100 

The combination of milling and washing very greatly reduces 
the vitamin B1 content : steaming in itself is less detrimental to 

( 1 ) This paper was published before we had made a study of the 
vitamin B1 requirements of the Javanese. In a later study in the Geneesk. 
1.'ijdsch. v. Ned.-bulie, 1935, 76, 2050, we came to the conclusion that an 
adult Javanese of a.n average weight of 50 kg. requires 200-250 I.U. of 
vitamin B1 daily. 
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the rice. The washing of husked rice has comparatively little 
influence. The value of rice considered as a foodstuff containing 
vitamin B1 is therefore, in the first. place, determined by the deg1·ee 
of milling, since washing is, after all, a normal procedure which 
is applied to very many foodstuffs. The rice problem is therefore 
reduced to the question whether the rice should or should not 
be milled. .Although other valuable substances besides vitamin B1 

are lost in milling and washing, the rice problem in the Nether
lands Indies is nevertheless closely bound up with the beriberi 
problem. 

Simple though it may seem to be at first sight, this is really 
a very difficult problem to solve. It was thoroughly discussed, 
as early as in 1924, at the Far-Eastern Association of Tropical 
Medicine Congress at Tokyo, and subsequently, in 1937, at the 
Inter-Governmental Conference on Rural Hygiene held under the 
auspices of the League of Nations atBandoeng . .Although we cannot 
claim to have made very much progress towards the solution of 
the problem during the last fifteen years, the information now 
available nevertheless constitutes a more solid foundation on which 
to base an opinion. 

The practical solution of this problem does not, however, lie 
in the hands of the nutrition experts. If milling were merely a bad 
habit from the nutritional standpoint, the matter would be simple 
enough, but in reality the question is more intricate. Milled rice 
keeps better than unmilled rice. Moreover, its white colour gives 
it a much more pleasing appearance than rice which has been 
merely husked, which is usually yellowish or brown or red, and its 
use denotes a kind of social standing, (1) since the more prosperous 
natives, the Chinese and the Europeans as a rule eat only white 
rice which has been thoroughly milled. White husked rice is also 
found, but it is rarer and not so purely white as thoroughly milled 
rice ; moreover, it does not keep any better than coloured rice 
of the same type. 

The difficulties to be faced are therefore very great. Action 
must be directed against the consequences of a faulty habit of 

• <.
1
1 This is why, in the Netherlands Indies, more beriberi has occurred 

m ttmes of prosperity than in times of depression when cases are very 
m~ ' 
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feeding and also (which is more serious) against a method of 
preserving which in itseJi· is efficient, but which is very harmful 
to the nutritive value of the product. 

In the Netherlands East Indies, conditions are fairly favourable.(l) 
Java and some other islands produce quantities of rice which are 
stored as "gabah " (paddy in India) and are "home-pounded " 
or milled immediately before use. Only 15% of the total rice 
output of Java passes through the mills (1936). .About a third 
of this is pa.rtly milled, and the rest, part of which is exported, is 
completely milled. Unfortunately, in the large towns, and in 
some other parts of the country, the natives consume increasing 
quantities of completely milled rice. 

In regions where rice is not produced in sufficient quantities, 
the situation is more difficult, for the rice has to be imported and 
stored. In principle, the types of rice that might prove to be suitable 
are gabah, steamed (" parboiled ") rice and milled rice. The first 
keeps well, but is expensive to transport owing to its bulk and it 
could be used only if there was a mill on the spot. The process 
of steaming rice is unknown in the Netherlands Indies and hitherto 
no one seems to have taken an interest in it. The only alternative, 
therefore, is milled rice, but, if it is to constitute the chief food, it 
requires a vitamin B1 supplement, which would not be necessary 
if husked rice or home-pounded rice were used. If the diet includes 
maize as the second principal cereal (which is often the case), or 
if a large quantity of leguminous matter is eaten (which also fre
quently occurs), or much meat or fresh fish (which rarely happens 
in the Netherlands Indies, even along the coasts), the vitamin B1 

supply may yet be sufficient. There are, in fact, no other possi
bilities and, if those just mentioned cannot be realised, the 
vitamin B1 intake will be very low, and this will be .followed by 
the usual consequences. 

This is why, in the Netherlands Indies, in regions where rice 
J1as to be imported, beriberi occurs when the maize crop or the 
fishing has been poor. In such regions, husked rice (which keeps 

(') '!'he studies of beriberi by Eylunan, Grijns and those who came 
after thein related to soldiers and prisoners and not to tho general mass 
of tho population. Nowadays native soldiers, prisoners, coolies on estates, 
otc., a1·e all supplied with rico that hns boon moroly husked. 
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badly and entails loss for the dealer) is usually more expensive 
than milled rice. The opposite is the case in Java, to that island's 
advantage. 

It is therefore clear that the rice problem necessarily differs 
according to the district; the number of large towns, the type of 
agriculture, the habits of the population, the degree of industrialis
ation, etc. It is therefore to be recommended that the regulation 
of the prices of the different kinds of rice, the determination of the 
number of mills and the prescribing of the degree of milling appro
priate to certain seasons and certain parts of the country should be 
left to the initiative of the Government. Milled rice, being easy 
to transport and to keep, continues to be indispensable. 

In principle, the cultivation of plants rich in vitamin B1 (millet, 
legumes, maize) should be encouraged. In many tropical countries, 
however, there is no arable land or the soil is not fertile enough. 
Much can, nevertheless, be done by means of intensive and well
directed propaganda. 

Professor B. C. P. Jansen's proposal to vitaminise the rice-eating 
population was thoroughly investigated in Java, but kitchen salt 
was found to be the only foodstuff which was suitable for serving 
as a vehicle for vitamin B1• Our tests proved, however, that, in 
the conditions prevailing in the tropics, vitamin B1 added to salt 
is not stable. Moreover, the financial difficulties encountered 
would be insuperable. Lastly, beriberi is now so rare in the Nether
lands Indies that such a measure would seem to be unnecessary. 
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THE RICE PROBLEM· IN THAILAND 

by the 

CHIEF OF THE NUTRITIONAL ORGANISATION, DEPARTi\IENT 
OF PUBLIC HEALTH, BANGKOK 

Rice is the life-blood of the nation. It is the staple food for the 
people as well as the backbone of national economics. Thailand 
exists as an economically modern nation by using her huge surplus 
of rice as the chief export in foreign trade. Traditionally, everybody 
is taught that rice is the only true and healthy food, while other 
auxiliary comestibles are more or less " toxic " and are to be 
consumed only in minute or insignificant quantities as appetisers 
in order to enable more rice to be swallowed. Every mother is 
delighted when her child consumes an immense quantity of rice. 
With such a dietetic doctrine in vogue among the masses, it is easy 
to understand their low general physical health and energy. 

During the days of antiquity, rice was hand-pounded and therefore 
could not have been highly polished. With the arrival of modern 
Western civilisation together with machinery towards the end of the 
19th century, rice-milling was also established all a major and highly 
profitable industry operated by Europeans and Chinese millionaires. 
In those days, only the city of Bangkok and some few accessible 
regions possessed rice-mills ; but, of late, this profitable industry 
had penetrated even into remote backward areas. Small rice-mills 
may now be seen everywhere in rural regions, the machinery being 
transported in pieces by bullock carts or mule packs up hill and 
down dale into rice-producing villages. The unfortunate result is 
that white highly polished rice is now universally consumed except 
in a few very backward regions where paddy is still being pounded by 
band. · 

As long as the masses still persist in idolising rice- now white 
rice- without increasing other food auxiliaries such as eggs, meat, 
fish and vegetables in balanced proportion, the problem of mineral 
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and vitamin inadequacy becomes of paramount importance in 
public health. To urge people now accustomed to palatable and 
pleasant-looking white rice to revert to crude hand-pounded red 
rice would be very difficult. The industry of rice milling is too 
advanced in our national economy to be radically altered unless 
worldwide export markets demand" non-polished" rice. Therefore, 
our guiding policy now is large-scale propaganda to the people to 
balance their one-sided and vitamin-starved diet by consuming more 
and more of the " auxiliaries " such as meat, fish, eggs, beans, 
vegetables and fruit, all of which are produced locally in abundance 
with even a surplus for export to neighbouring countries. 

Recent information from Japan, moreover, indicates that a great 
deal of crude unpolished rice is not absorbed by the intestinal tract, 
and thus a considerable part of the " red " rice so consumed 
becomes economic and physiological waste in addition to causing 
gastro-intestinal disturbance for many persons. We have observed 
this in many of our prisons, where some prisoners absolutely refuse 
to eat crude hand-pounded rice, claiming that this~ves them indiges
tion. It is reported that the Japanese authorities have experimented 
with various grades of milled rice in order to arrive at the correct 
grade of milling for the purpose of good physiological absorption, 
least economic waste, and sufficient supply of the vitamins and 
minerals. According to T. KnroRA (1), "Haigamai" rice is now 
being advertised as the properly milled rice for human consumption. 
Such rice is so milled that the indigestible and unpalatable bran is 
removed while the embryo-bud which contains the vitamin remains 
intact. It is also easier to cook and more appetising than the ordinary 
unpolished rice recommended by medical authorities in the Far East. 
It is claimed that " Haigamai" rice is even more tasty than white 
polished rice, while as to the digestibility and absorbability there is 
not much difference between the two. Half-milled rice is inferior, 
while unpolished rice is the worst of all as regards digestibility. Thus 
both the Japanese Army and Navy have now adopted" Haigamai" 
~ce al! the principal staple of diet instead of ordinary unpolished 
nee. There is " Haigamai" rice of varying grades of milling and if 
such rice is to be adopted as the staple of Asia, it would b~ tim~ly 

{
1
) Jl. Publ. Health Assoc. of Japan, 1938, August. 
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to have an international standard for defining and regulating the 
degrees of milling and to determine the percentage of embryo-bud 
to be reta.ined. 

For many years past, the Government of Thailand has been 
advocating ordinary unpolished rice with no good result except in 
some prisons, wl1ere the inmates are under strict compulsion as 
regards what they eat. People once used to white polished rice 
almost always rebel against crude hand-pounded rice. Perhaps the 
new scientific way of retaining the embryo-bud together with a 
certain percentage of milling as practised in Japan may ultimately 
be adopted as the proper way of milling rice for mass consumption 
in .Asia. If so, it is hoped that some committee of experts, such as the 
Technical Commission on Nutrition of the League of Nations, will 
deal with the colossal problem of rice and determine what 
grade of milled rice, 50 or 70%, is the ideal staple food and whether 
to retain the embryo-bud or not. This is a difficult question and will 
take much time for investigation and further research before suitable 
conclusions can be arrived at. 

Besides full-blown beriberi averaging about 2,000 deaths 
annually in Thailand, there are many borderline conditions of ill
health and physical weakness due to under-nutrition or malnutrition. 
Such cases were formerly neglected by orthodox medical men who 
looked only for text-book symptoms and signs of full-blown beriberi 
and other diseases. If, however, one were to take into account 
all borderline cases of nutritional deficiency, the number would run 
into millions. .As rice is the staple food of nearly half of the human 
race, it becomes of paramount importance for every Government 
in the Far East to make a great endeavour to secure that this rice 
be consumed in the most nutritive form possible. It is to be hoped 
that the research now being carried on in Japan, India, Java and 
Malaya may soon bring forth satisfactory conclusions as regards the 
proper grade of milled rice suitable for the nutritional requirements 
of the people of .Asia. 

The Imperial Government Institute for Nutrition at Tokyo, after 
a study of rice extending over many years, decided that rice 70% 
polished (without the use of powder for polishing) and boiled or 
otherwise cooked without washing is the most healthful and econo
mical for human consumption. The washing of rice before cooking 
is both unhealthful and wasteful ; such practice is universal in 
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Thailand. The time may soon arrive for us to promulgate a law for 
the control of rice-milling and the 'standardisation of tho technique 
of rice-polishing. As regards washing .rice before cooking, this is of 
course a matter of public propaganda. 

It is expected that a national food council will soon be established 
and a special technical committee on rice-milling may also be formed 
and attached to this council. The problem of rico in Thailand is 
primarily that of "vested economic interests". When the grade of 
milling is· universally standardised by international conf~renco,· 
legal measures may be enacted in order to enhance the nutritive 
qualities of rice. 
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by the Section of Nutrition, National Research Council 
of the Philippines. 

In view of the pressing need for dietary standards applicable 
to Filipinos, this Section has deemed it proper to lay down tentative 
standards pending further investigations into the quantitative 
measurement of the minimum requirements of Filipinos ·for the 
different nutritionally essential factors. · These standards are based 
largely on the "Report on the Physiological Bases of Nutrition" 
which was issued by · the Health Organisation of the League of 
Nations. Due consideration was given to the smaller body-weight 
and stature of Filipinos (1) as compared with Europeans and .Ame
ricans for \vhom the League of Nations' standards were intended, 
and to the results of dietary surveys conducted in the Philippines. 

I. CALoruo REQumE:MENTS 

(a) .An allowance of 2,000 net calories (2) is considered adequate 
for an adult, male or female, " living an ordinary everyday life and 
not engaged in manual work." 

The basic requirement of 21400 calories recommended by the 
League of Nations was reduced in order to conform to the smaller 
body-weight and stature of adult Filipinos. Hence, an average 
adult Filipino of sedentary habits will require only 2,000 calories 
per day. But if he or she is engaged in some occupation 

(1) The average weight of Filipinos is 53 kg.; average height, 163 em. 
'.rhe League of Nations' standards are based ou a "inean man" of 
70 kg. . 

(a) The term "net calories" refers to the amount of.energy available 
from the food actually assimilated. · 
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involving muscullll' activity, additions must be made to this basic 
requirement. · 

(b) In the absence of data for Filipinos, the following supple
ments proposed by the League of Nations ha.ve been adopted in 
toto: 

Light work .. 
Moderate work 
. Hlll'd work . . 
Very hard work 

up to 75 calories per hour of work. 

75-150 " " " " 
150-300 , " " " 
300 calories and upwlll'ds per hour· o.f work. 

Only domestic work, taking the average o.f a mixed housekeeping 
day, clerical work, book-binding and tailoring can be classed as 
" light work ". All physical exercises should be rated b·om " moderate 
work " upwlll'ds, while all sports pursued a-s such should fall under 
" very hard work " • .An allowance of 600 calories (7 5 X 8 hours) per 
day may be taken as an average supplement for muscular activity. 
Thus, an average adult Filipino, male or female, engaged in some 
occupation involving manual work will require daily an average 
of 2,600 calories. 

(c) The basic figure of 2,000 calories for the requirements 
of adults of both sexes is taken as unity, and from this value the 
energy requirements for children of various ages may be calculated, 
using the following coefficients : 

Age (years) Coefficient Calories 
1-2 . 0.35 700 
2-3. 0.42 840 
3-5 0.50 1,000 
5-7 . 0.60 1,200 
7-9 . 0.70 1,400 
9-11 0.80 1,600 

11-12 0.90 1,800 
12 and upwards 1.00 2,000 

. Allowance for muscular activity chlll'acteristic of every healthy 
child and adolescent must be made. This allowance should be added 
to the basic requirements tabulated above to obtain the total daily 
calorie requirement. Thus, the activities of children of both sexes 
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from 5-11 yea.rs ma.y be considered a.s equivalent to light work, of 
boys from 11-15 yea.rs a.s moderate work, a.nd of girls from 11-15 
upwards as light work. 

1\I.others, pregnant and ~ursing, a.re given the following allow
ances: 

... 
·Women Coefficicn t Calories 
Pregnant 1.00 2,000 
Nursing. 1.25 2,500 

.. 
In addition to the above basic requirements for mothers, allow

ance for mothers engaged in household duties, whether pregnant 
or not, must a.lso be made. The extra. energy required for the perfor
mance of household duties may be reckoned as equivaJent to light 
work for eight hom·s da.ily .. 

II. PROTEIN REQUIREMENTS 

The League of Nations' proposed standard of 1 gramme per kg. 
of body-weight ma.y not be sufficient to meet fully the physiological 
needs of an adult Filipino, for the protein content of the average 
Filipino diet is preponderantly of pla.nt origin. Since proteins of pla.nt 
origin are not as nutritionally efficient as proteins of auima.l origin, 
it is recommended that the League of Nations' standard be raised 
to 1.5 grammes per kg. of body-weight. An average adult of 
53 kg. body-weight would therefore require 80 g. of proteins 
per day. 

The proteins in the diet must come from a. variety of sources, 
so that a. deficiency of one protein ma.y be made up by another. 
Animal proteins being superior in biologicaJ value to pla.nt proteins, 
it is recommended that at least 50% of the total proteins should 
be derived from auimaJ sources. 

The protein intake per.kg. of body-weight should be increased 
in children and in pregnant a.nd nursing mothers. An extra. 
allowance is needed in pregnant women for the growth of the 
footus, in nursing mothers for successful lactation, and in children 
for growth. To secure a high quaJity of protein which is essential 
in theso cases, it is suggested tha.t the total proteins should be made 
up largely of auimaJ proteins. 
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The following allowances of total proteins are recommended : 

Grammes per kg. 
of body.weight Age (years) 

1-3 
3-5 
5-12 

12-15 
15-17 
17-21 
21 and upwards 

. Women 

Pregnant 0-3 months . 
4-9 , 

Nursing ...... . 

3.5 
3.5 
3.0 
3.0 

. 2.5 

2.0 
1.5 

1.5 
2.0 
2.5 

m. MINERAL REQUIREMENTs 

The most important mineral elements in the diet, because the 
most likely to be deficient, are calcium, phosphorus and iron. 
Very little information of an experimental nature with regard to 
the dietary requirements of Filipinos for these different mineral 
elements is available. For this reason, the standards proposed by 
the Technical Commission on Nutrition (1) have been adopted after 
due allowance for the .smaller body-weight of the average adult 
Filipino. 

It is believed that the following allowances are adequate to meet 
the maintenance requirements of adults, and to supply the in<'.reased 
. demands during growth, pregnancy and lactation : 

Phos. Iron 
Calcium phorous (milli· 

(gramme) (gramme) grammes) 
Adult men 0.60 0.80 8 
Adult women 0.60 0.80 10 
Pregnant women 1.00 1.20 12 
Nursing , 1.00 1.20 12 
Chlldren 0.80 1.00 10 

(
1

) Bull. HeaUh. Org., 1938, 7, 460. 
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These values refer not to total but to available calcium, phos· 
phorus and iron. 

IV. VITAllllN REQUIRE~IENTS 

To ~ate, no work on the determination of the vitamin require
ments of Filipinos has as yet been done. Since the Technical 
.Commission on Nutrition 1ms pointed out that figures for vitamin 
requirements are only approximate, it was thought advisable for 
the present to avoid even a tentative statement of the quantity 
of each vitamin required. 
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1. INTROD"!JCTION AND GENERAL Su:wrARY 

In a previous number of this Bulleti1t (1938, volume VII, 
page 874), the circumstances were described and the results of 
the investigations given which led to the adoption of synthetic 
crystalline vitamin B1 hydrochloride as the International Standard. 
The memorandum issued with the New Standard was also included 
(page 882). The present report includes a detailed description 
of many biological tests carried out in seventeen different laboratories 
in Europe, .America and Japan, in order to compare the potency 
of the old and the new standard of vitamin B1• 

The International Conference on Vitamin Standardisation, 
at its meeting in 19311 adopted as standard for vitamin B1 the 
adsorption product of vitamin B1 prepared by the method of 
SEIDELL, as described by JANSEN and DONATH. The unit was 
defined as the vitamin B1 activity of 10 mg. of this product, which 
was designated the "Standard adsorption product ". 
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,. At the second Conference, in 1934, it was recommended that 
" the potency of the Standard adsorption product should be tested 
relatively to that of crystalline vitamin B1 preparations at present 
available, with the aim of ultimately adopting pure crystalline 
vitamin B1 as the International Standard ". 

At that time, natural crystalline vitamin B1 had al
ready been isolated by the following investigators : Professor 
B. C. P. JANSEN, Amsterdam; Professor R. A. PETERS, Ox
ford ; Dr. A. SEIDELL, Washington ; Professor U. SuzuKI, 
Tokio; Dr. R. R. WILLIAMS, New York; Professor A. WINDAus, 
Gottingen. 

The nearly simultaneous discovery during 1936 in America, 
:Britain and Germany, of methods for synthesis of the vitamin by 
relatively inexpensive processes greatly increased the amounts 
available of the pure vitamin. 

Through the good offices of Sir Henry DALE, a large supply 
of synthetic vitamin B1 hydrochloride was contributed by the 
following four firms: Messrs. Merck & Company, Rahway, N.J.; 
Messrs. E. Merck, Darmstadt ; Messrs. F. Hoffmann-La Roche, 
:Basle; and I. G. Farbenindustrie, Elberfeld. The samples were 
mixed, recrystallised, and the final material examined for criteria 
of purity by Dr. A. R. TODD at the Lister Institute. 

Co-operative tests of the biological potency of this material 
compared with that of tlie Standard adsorption product were 
organised by the Vitamin B1 Sub-Committee of the Accessory Food 
Factors Committee (appointed jointly by the :British Medical 
Research Council and the Lister Institute). For this purpose, 
small amounts of the recrystallised vitamin, suitably dried, 
together with the necessary amounts of the Standard adsorption 
product, were distributed from the National Institute for Medical 
Research to workers in Europe, America and Japan. Seventeen 
reports were received, which contained the results of thirty-one 
experiments of comparison, in which many different methods 
were employed. A summary of the results obtained is given in 
Table I. 

The results obtained showed a satisfactory degree of concordance, 
when account is taken of the great diversity of the eight different 
methods employed. For the present purpose, it was obvious that 
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Table I. 

Amount of syn-
thetic vitamin B1 

hydrochloride 

Method 
round equivalent 

Observer• to 10 mg. or the Average 
adsorbate Inter· lor group 
national Standard 
--i.e., to possess 
the potency o! one 
international unil. 

Microgrammes Micro-· 

I. Rat-growth ...•... S. Ohdake, Tokio 2.0 
grammes 

L. S. Fridericia, Copenhagen 2.5 
C. A. Elvehjem, Madison, Wis. 3.0 
L. J. Harris, Cambridge 3.0 
T. F. :Macrae, London 3.0 
H. von Euler, Stockholm 3.1 
I. G. Farbenindustrie, Elberfeld 

I 
3.45 

H. E. Munsell, WasWngton 3.7 
K. H. Coward, London 3.85 
R. R. Williams, New York } 4.0 3.2 
W. L. Sampson, Rahway, N. _J. 

2. Rat-curative •.•.•• Messrs. E. Merck, Darmstadt I 
2.0 

E. 1\1. Nelson, WasWngton 2.6 
R. R. Williams, New York } 2.5 
W. L. Sampson, Rahway, N. J. 
L. J. Harris, Cambridge 2.7 
N. B. Guerrant, Pennsylvania 2.7 
B. C. P. Jansen, Amsterdam 3.0 

P. di Mattei, Pavia 3.5 2.7 

3. Rat-bradycardia •• R. R. Williams, New York } 2.5 
W. L. Sampson, Rahway, N. J. 
L. J. Harris, Cambridge 2.5 

Messrs. Hoffmann-La Roche, 

Basle 2.63 
I. G. Farbenindustrie, Elberfeld 3.33 (subcut.) 

3.61 (orally) 2.8 

4. Pigeon-curative ... Messrs. E. Merck, Darmstadt 1.9 

S. Ohdake, Tokio 2.4 

K. H. Coward, London 3.3 

P. di .Mattei, Pavia 3.4-3.8 2.8 

1 The name of only one investigator in each laboratory is given. For names of colloborot.ora 
see the individual reporll. 
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Amount of syn-
thelic vitamin n, 

hydrochloride 
found equivalent 

Average 
Observer• to 10 mg. ol the 

Method adsorbate Inter- lor group 
national Standard 
-i.e., to possess 
the potency ol one 
internnlional unit. 

Microgrammcs Micro--
grommes 

5. Chicken-
prophylactic C. A. Elvehjem, liiadison 3.0 3.0 

6, CntatoruJinZ ..... R. A. Peters, Oxford 2.2 2.2 

7. Thiochrome ...... B. C. P. Jansen, Amsterdam 2.5 
Messrs. Hoffmann-La. Roche, 

Ba.sle 2.56 
H. von Euler, Stockholm 2.7 2.6 

8. Colorimetric (me-
thod of Kinnersley 
& Peters) •..••.•• H. von Euler, Stockholm 2.6 2.6 

• See footnote on preceding page. 
1 Alter elution of the acid clay adsorbate with Ba(OH),. 

less weight should be attached to results obtained by chemical 
methods than to those of biological tests. Of the latter, higher 
values for the potency of standard adsorption product in terms of 
the synthetic material were generally obtained with prophylactic 
than with curative methods. It is suggested that with sick animals 
there may be incomplete elution in the alimentary tract of the 
vitamin B1 from the acid clay adsorbate, so that curative methods 
tend to give too low a measure of the vitamin B1 potency of the 
adsorption product and relatively too high a value for the pure 
material. With growth tests, on the other hand, a higher value 
for the adsorption standard in terms of the pure material is obtained 
because the animals, being healthy, are better able to elute the 
vitamin from the acid clay. The results obtained by the many 
investigators support this theory, for the rat-growth method 
gave the highest average value for the amount of the pure 
material possessing a potency equivalent to that of the present 
unit. 
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There is also the possibility that the presence in the acid clay 
adsorbate of other growth factors for rats, in addition to vitamin B

1
, 

may account for the relatively high potency of the acid clay 
adsorbate shown in rat-growth experiments. While the basal diets 
used in these experiments seemed mostly to be well supplied with 
the other vitamins of the B group, it is still possible that a deficiency 
of some essential dietary factors other than vitamin B

1 
may have 

influenced the results. 

There are therefore two possible reasons for the differences 
found by the various methods : 

(a) Difference in availability to the animals of the vitamin B
1 

adsorbed on the acid clay ; 

(b) Possible complications due to the presence in the acid 
clay standard of factors other than vitamin B11 which may be 
adsorbed from the rice-polishings extract in the process of its 
preparation . 

.Amounts varying from 2 to 3.5 !Lg· were suggested by the various 
participants, as the quantity of the pure synthetic vitamin B

1 

hydrochloride of which the potency is equivalent to that of 10 mg. 
of the standard adsorption product-i.e., the potency of one inter
national unit. .A. good average value appeared to be 3 !Lg· The 
Vitamin B1 Sub-Committee therefore proposed "that pttre synthetic 
vitamin B 1 be adopted as International vitamin B 1 Standard and 
that the international unit be defined as the vitamin B1 activity of 
3 fLU· of the pure material". 

In dealing with all international standards, it has been r,egarded 
as a fundamental principle that the unit should be defined as the 
specific activity of a definite weight of the standard substance, 
without reference to any particular method, or methods, of biological 
comparison. This makes the unit independent of future improve
ments in testing methods. The adoption of the value as defined 
above, rather than the fractionally lower one indicated by some 
forms of test, would satisfy another fundamental principle by 
avoidance of any suggestion that, with a change of standard, the 
value of the unit had been reduced. 

It was urged by some participants that, with the isolation and 
synthesis of the pure vitamin B1, the need for a unit had disappeared, 
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and that dosage and activity should henceforward be indicated 
in actual weights of the pure vitamin. The Vitamin B1 Sub
Committee agreed that this may be desirable as an ultimate 
objective. It remembered, however, that the action originally 
taken, in adopting the old standard and defining an international 
unit, had as its object the removal of a prevalent confusion, due 
to the use of a multiplicity of units based on different animal 
reactions. It believed that abandonment of the use of an inter
national unit then, before those concerned with the dosage and 
measurement of vitamin B1 had become familiar with the pure 
substance and the degree of its activity, would inevitably produce 
a relapse into the former confusion. It was hoped that a new 
definition of the value of the existing unit in terms of a pure standard 
would in itself familiarise investigators and practitioners with the 
activity of the pure substance and make easier an ultimate transition 
to a notation more logically based on exact weights. 

The results of the biological tests, together with the recom
mendations of the Vitamin B1 Sub-Committee of the· Accessory 
Food Factors· Committee, were submitted in April 1938 to the 
members of the Conference on Vitamin Standardisation, who 
unanimously agreed to the recommendation " that the specimen 
of pure synthetic vitamin B1 hydrochloride which had been thus 
investigated should be adopted as the International Standard of vita
min B1 and that the unit should be defined as the potency of 3 mioro
grammes of the pure material". This recommendation was later 
adopted by the Permanent Commission on Biological Standardis
ation of the League of Nations Health Organisation at its meeting 
in Genlva in 1938, and, in consequence of this decision, the former 
International Standard, known as the Standard adsorption product 
of vitamin B1 was replaced by the preparation of crystalline 
vitamin B1 hydrochloride described above. 

In the following sections are given detailed accounts of the 
experiments of comparison which w~re carried out prior to the 
adoption of the new standard. The results obtained have been 
statistically examined by Dr. K. H. CowARD and Dr. E. A. G. 
SmnMPTON, and a short summary of their findings is given as an 
appendix to this report. 

Since the publication of the explanatory memorandum on the 
second International Standard of vitamin B

1
, which has been issued 
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with the New Standard, it has been discovered that .tlie standard 
docs not, as therein stated, contain approximately 1 molecule of 
water of crystallisation, but is practically in the anhydrous condi
tion. This error has therefore been put right and the corrected 
memorandum is appended ; . this also contains additional criteria 
of purity, including the extinction coefficients of the standard at 
various wave-lengths, determined by Dr. E. R. HoLIDAY. 

2. COMPARISON BETWEEN THE ORIGINAL INTERNATIONAL 
STANDARD OF VITAliiiN B 1 (STANDARD .ADSORPTION PRODUC1') 

AND THE NEW STANDARD (VITAliUN B1 HYDROCHLORIDE) 
BY RAT-GROWTH METHODS 

.A. Report of K. H. Coward (London). 

:Blethod. - Full details of the method employed have been 
published elsewhere. 1 .As the rats ~eased to grow, they were put 
into separate cages and divided into 5 groups, which received the 
following supplements : (1) no dose, (2) 0.01 g., (3) 0.02 g. Standard 
adsorption product daily, (4) 2.5 (J.g., (5) 5!J.g. crystalline vitamin B1 

daily. The litters were divided as evenly as possible amongst the 
groups. The growth rate of the animals was observed for a period 
of three weeks . 

.All doses were given twice weekly, three doses on Monday and 
four doses on Thursday. This method gives results equal to daily 
dosing (unpublished resUlts from this laboratory). The standard 
adsorption product was mil:ed with finely powdered destrin, and 
the doses were weighed on separate dishes and moistened with a 
little water to prevent scattering. 

The solution of the crystalline vitamin given to the animals was 
prepared daily by dilution with N /100 HCl of a stock solution of 
the vitamin containing 3 mg. per ml. The solution was fed directly 
into the animal's mouth. 

The results are given in Table II. 

1 CowARD, BUliN, LING and MoRGAN: Bioihem. Jl., 1933, 27, 1719. 
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Table II. 

Collll'AJUSON OF THE PoTENCY OF THE STANDARD .ADSORPTION PRODUOT 

OF VITAJ>IIN Bl AND THE CRYSTALLINE STANDARD 

BY A RAT·GROWTH METHOD (K. H. CoWARD) 

Group I Group 2 Group 3 Group 4 Group 5 
No supplement Dose 0.01 g. Dose 0.02 g. Dose 2.5 ~tg. Dose 5.0 I'll· 
of vitamin B:~. adsorbate daily adsorbate daily crystals daily crystals daily 

Animal Increase Increase Increase Increase 
Rat In weight Rat in weight Rat in wcighl Rat In weight Rat died No. during 3 No. during 3 No. during 3 No. during 3 No. during l\"eeks, weeks, weeks, weeks, 

g. g. g. g. 

9247d' 2nd wk. 9323d' 1 9249d' 26 925Id' -II 924Sd' 13 
9362d' 1st 

" 9372d' 1 9344d' 19 932Id' -10 9250d' -1 
9417d' 2nd , 9443d' -3 9364d' 19 9343d' -7 9322d' 6 
9465d' 2nd , 9467d' 1 9365d' 12 9418d' -11 9445d' 2 
9446~ 3rd .. 9252~ 0 9416d' 5 9444d' - 9 9466d' 9 
9345~ 1st .. 9253~ 4 9468d' 13 9368~ died 9346~ 10 

9366~ -7 9324~ 18 9373~ died 9367~ -2 

Average 
for group .•.. -0.4 16.0 - 9.6 5.3 

A curve of response to the standard adsorption product was 
constructed from the mean growth response to that material. 
By application of this curve, the activity of the crystalline material 
was calculated. The results are given in Table nr. 

Table III. 

Equivalent 
Potency I.U. 

Mean per g. crystalline vllamlne 
Substance Daily dose ol adsorbate B, weight as read from 

increase g. response 
curve I.U. For each l\lean dose 

Standard (I I. U.) 

adsorption 0.01 gm. - 0.4 
product (2 I. U.) 

0.02 gm. +16.0 

Crystalline 2.5 !<g. -9.6 0.69 276,000 vitamin B1 5 ~· +5.3 1.27 254,000 260,000 
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10 mg. of the Standard adsorption product is equivalent i1~ vitamin 
potency to 3.85 p.g. of the crystalline vitamin. 

B. Report of C. A. Elvehjem (Madison,.Wis.). 

The rats were depleted of the major part of their vitamin B1 

reserves by restriction to tbe basal Ration 112 used in the laboratory 
of the Department of Physiological Chemistry, University of 
Wisconsin, for a two-week period. l\iale rats were used. The 
results of the assay are shown in Figure 1. 

The four rats which continued on the basal ration died after 
exhibiting polyneuritis in 26 to 
31 days after the start of the 
experiment. The growth of the 
rats fed 200 mg. (20 I.U. 
vitamin B1) of the Standard 
adsorbate per 100 g. of Ration 
112 was somewhat irregular. 
However, the results closely 
parallelled those obtained by 
feeding a second group of rats 
60 p.g. of the sample of crystal
line vitamin B1 hydrochloride 
per 100 g. of Ration 112. .An 
increase of the crystalline vita
min B1 supplement to 80 p.g. 
of vitamin B1 hydrochloride per 
100 g. of Ration 112 resulted in 

·an average weight increase of 
3.0 g. daily during the five 

Figure 1. 

p = Polyncuri~is. 

A : RaUon 112 only. 
B : 200 mg. or Standard ad.sorplion 

product per 100 g. o! Ra~1on 112. 
C : 60 11g. crystalline vitamin per 100 g. 

o! Ration 112. 
o : SO ILg. crystalline vitamin per 100 g. 

or Ration 112. 
E : 100 ILg. crystalline vitamin per I 00 g. 

or Ration 112. 

weeks experimental period, 
which was not inferior to that 
shown by rats fed 100 p.g. of 
vitamin B1 hydrochloride per 
100 g. of Ration 112. 

These results indicate that 10 mg. of the Standard adsorption 
product ha.s approximately the same vitamin potency as 3 p.g. of the 
crystalline vitamin B 1 hydrochloride. 
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C. Report of H. and B. von Euler (Stockholm). 

Method. -Immediately after weaning, the rats were fed on a 
basal diet free from vitamins of the B-group. They gained slightly 
in body-weight f!)r 10 days and, after remaining constant in weight 
for a few days, loss occurred ; this preliminary period lasted 
16-21 days. The animals were then given the test samples of 
vitamin B11 together with the other vitamin-B supplements. 
Growth of the rats was observed for 4 weeks. 

The following basal diet was employed : Vitamin-free caseinogen 
100 g., rice starch 300 g., hardened arachis oil 65 g., salt mixture 
25 g., lemon juice 10 ml. and cod-liver oil10 ml. In addition, each 
rat received daily, as sources of B-factors other than vitamin B11 

10 !!g. riboflavin and 0.5 ml. of a solution prepared by autoclaving 
1 kg. bakers' yeast with 1 litre water at pH 9 for 5 hours, centri
fuging and concentrating the centrifugate until1 ml. was equivalent 
to 10 g. yeast. This preparation contained all essential factors 
of the vitamin-B complex, except vitamin B1 and riboflavin. The 
rats were weighed every 2 days. 

The daily doses of the Standard adsorption product of vita
min B1 and of the crystalline vitamin administered to the various 
groups of rats were 9.0 mg. and 10.0 mg. of the former and 1.5 (.lg., 
2.0 (.lg., 2.5 (.lg. and 3.5 (.lg. of the latter respectively. 

Three of the group of 6 rats given 1.5 (.lg. of crystalline vitamin 
and 4 of the group of 8 given 2 (.lg. died within a short period. The 
remaining animals of these groups either did not gain in body
weight or gained but slightly. 

The growth responses recorded in the other groups of animals 
are given in Table IV. 

From these results, by constructing a curve of response to the 
crystalline vitamin and applying this curve, the biological potency 
of 10 mg. of the Standard adsorption product is calculated to be equal 
to that of 3.1 I!Y· of crystalZine vitamin B 1 hydrochloride. 



NEW STANDARD OF VITAMIN B1 

Tablo IV. 

383 

CoMPARISON OF THE POTENCY OF THE STANDARD ADSORPTION PRODUCT 

OF VITAMIN Bl AND THE CRYSTALUNE STANDARD BY A R.\T·GROWTH lflETHOD 

(H. AND B. VON EULER) 

Animals given cryslalline vitn~in 

2.5 I'll· daily• 3.0 JLg. dally' 8.5 I'll· daily 

Average Average Average 
Ra~ daily Ra~ daily Ra~ 
No. weigh~ No. . weight No. 

dally 

increase, 
.weight 

mcrease, mcrease, 
g. g. g. 

16135 0.54 16255 1.00 16352 1.22 
16136 0.61 16256 0.83 16353 1.33 
16139 0.29 16257 1.21 16354 1.33 
16143 0.40 16258 1.04 16355 1.22 
16155 0.21 16260 0.95 16357 1.22 

.16156 0.40 16265 0.79 16358 1.22 
16266 0.83 16359 1.00 

-
lnrag1 } dan, ••iihl 041 0.95 1.22 

IICrtil:ll ar ' 
group, g. 

• Rat No. 16138 = s1ck, killed on 12th day. 
16157 = pneumonia. 

Animate given adsorbate 

9 mg. daily 10 mg. dally 

Average Average 
Rat daily Ra~ daily 
No. iric~~a~;, No. weight 

increase, 
g. g. 

15858 0.74 16259 0.92 
15838 0.63 16264 1.00 
15835 0.82 16287 0.81 
15572 0.55 15917 1.04 
15575 1.02 15908 0.85 
15573 0.75 15909 1.20 

15911 1.26 
15910 1.12 
15912 0.91 

0.75 1.01 

t Rat No. 16283 = pneumonia. 

D. Report of L. 8. Fridericia (Copenhagen,). 

The estimations were caiTied out with a modification of the 
rat-growth method worked out by H. KRIEGER LASSEN. 

1 

Three groups of young male rats were fed on the basal diet free 
from vitamin B

1 
but containing surplus of the vitamin B2 complex 

(autoclaved yeast extract); the three groups received respectively 
2 !Jog. and 3 !Jog· of the crystalline vitamin, and 10 mg. of the Standard 
adsorption product per rat daily. The growth rate of the animals 
was observed for 5 weeks. The results are given in Table V. 

From the growth rates observed in groups 1 and 3 and by 
application of the method of calculation of H. KRIEGER LASSEN, 

10 mg. of the acid clay standard is found to be equivalent in activity 

1 OoUecled Pctpet'B, University Institute of Hygiene a.nd Budde La.bora.tory, 

Copenhagen, 1936, 7, Pa.per No. 6. 
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Table V. 

ComARISON oF TBE PoTENCY oF THE STANDARD ADsoRPTION PRODUCT 

OF VIT.UIIN B1 AND THE CRYSTALLINE STANDARD 

BY A RAT-GROWTH :METHOD (L. S. FnlDERIOLI.) 

Group 1 Group 2 Group 3 
Animals given 2 1'-8'· Animals given 3 ltg• Animals given 10 mg. 
crystalline vit.amin crystalline vitamin Standard adsorption product 

daily daily daily 

Weight Weight Weight 
Rat increase Rot increase Rat increase 
No. in 5 weeks, No. in 5 weeksl No. in 5 wcel,s, 

g. g. g. 

2758 30 2754 61 2723 48 
2786 45 2760 58 2729 40 
2773 43 2762 52 2731 48 
2791 27 2763 40 2753 53 
2800 40 2772 53 2757 43 
2801 44 

weight Increase 38.2 
Average } 

52.8 46.4 
for group 

to 2.35 (.1-g. of the crystalline vitamin and, from the growth rates 
observed in groups 2 and 3, 10 mg. of the acid clay is equivalent 
to 2.66 (.1-g. of the crystalline vitamin. The average value therefore 
gives 2.5 fl-U· of the crystalline vitamin as the equivalent in vitamin B1 

activity of 10 mg. of the Standard adsorption product. 

E. .Report of L. J. Harris (Oambridge). 

Method. - For the tests by the growth method, young male 
piebald rats {standard strain), weighing 50 to 60 g., were placed 
on a basal diet consisting of cane-sugar 60, " light white " casein 20, 
arachis oil 15 and salt mixture 5, supplemented with 15% of 
autoclaved marmite solution. 1 Each rat received daily 2 drops 
of cod-liver oil. The animals continued to gain weight on this 
diet for about 18 to 21 days, and then the weight dropped fairly 
sharply. Dosing of each rat was started on day on which it had 
lost 7 g. or more from its maximum weight at the peak of the growth 

1 
Prepared by diluting "laboratory " ma.rmite with water, adding Ba.(OH)

2 
to 

pH8-10, autocloving for 1 hour a.t a. pressure of 1.5 atmospheres, adjusting to pH 4 
with H,.SO" filtering a.ud adding water to make 1 c.c. of solution=: 0.5 g. marmite. 
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curve. The following daily doses were given to groups of six rats : 
International Standard adsorption product: 10 mg., 20 mg., 30 mg. 
Crystalline vitamin B1-HC1: 2.5 (J.g., 5.0 (J.g., 7.5 (J.g. 

The crystalline vitamin B1 was given as an· aqueous solution. 
Once a week, a stock solution was prepared and kept in an eva
cuated Thunberg tube in a refrigerator. Dilutions were made 
from this daily, 1 mi. containing 10 g. of the crystalline material. 

Calculation of Results. -Results were caiculated on two separate 
bases -namely, the weight gained in 14 days and in 21 days ; 
the same value was obtained on either basis. Table VI contains 
the numerical results. From the dose-response curves which 
were constructed, 10 mg. of the ~tandari/, adsorption proi/,uct as the 
equivalent of 3.03 !!Y· crystalline vitamin B1 gave the nearest 
coincidence between the curves for the two materials. 

Table VI. 

Co}lPABISON OF THE POTENOY OF THE STANDABD ADSORPTION PRODUCT 

OF VITAllliN B1 AND THE CRYSTALLINE STANDARD 

BY A RAT·GROWTH METHOD (L. J. !Luuus) 

1\Iaterial tested Acid clay, mg. Crystalline B1, 11g. 

Dose given 10 20 30 2.5 5.0 7.5 ---------------
g. g. g. g. g. g. 

\ 
0 21 40 1 15 31 
8 23 42 2 22 36 

Gain in weight after 14 26 42 3 23 36 
14 days: individual 

( 
14 32 44 5 28 38 

rats ••.•....•...... 19 37 47 14 29 38 
24 40 53 15 36 43 

113 • .2 

---------------
1\'Iean ••....... 29.8 44.7 6.7 25.5 37.0 

1 31 53 1 24 47 
2 37 57 3 30 49 

Gain in weight after 21 43 57 3 34 50 
21 days: individual 22 49 60 3 40 54 
rats ...••......•... 28 50 65 15 41 55 

28 57 70 18 53 60 

I~ 
---------------

Mean .....•... 44.5 60.3 7.2 37.0 52.5 
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If the responses are plotted against the logarithms of the doses, 
a linear curve is obtained. 1 Such _logarithmic curves, constructed 
for both the 14-day period and the 21-day period gave values in 
good agreement with that already recorded above. (See Table VII.) 

Table Vll. 

Acrrvrry OF CRYSTALLINE VITAMIN·B1 HCJ AS COMPUTED FROM 

LooARITIWIO CURVES (L. J. HARRIS) 

Dose of Equivalent of Calculated weight 
adsorbate, as read (in l'g.) of crystals crystals, from curve equivalent to l I.U. l'g. (I.U.) (10 mg. adsorbate) 

' 2 .. 5 0.813 3.08 
14-de.y test ............. ) 5.0 1.58 3.16 

7.5 2.40 3.13 

l --
Average 3.12 

2.5 0.773 3.23 
21-day test ............. 5.0 1.65 3.03 

7.5 2.44 3.08 
--

Average 3.11 

F. Report of the I. G. Farbenindustrie (Elberfeld). 

Method.- The rat-growth method employed was similar to that 
of CmcK and RoscoE.2 The young animals (40-50 g. body-weight) 
were given a diet consisting of extracted casein 20, extracted rice 
starch 30, cane-sugar 30, pea-nut oil 15 and McCollum's salt 
mixture 5. Each rat received daily the following supplements : 
2 drops of cod-liver oil, 10 ~J.g. riboflavin and a preparation from 
yeast equivalent to 2 g. dry weight to supply the additional 
vitamin-B factors. The animals increased in body-weight for 
about 10 days, after which they began to lose weight. When 
the body-weight had either decreased or remained constant for 
about one week, the animals were given their test samples either 
of the Standard adsorption product or of the crystalline sample 

1 
See CoWARD: The Biological Btandardi8ation of Vitamim. 1938: London. 

2 Biockem. JZ., 1929, 23, 498. 
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of vitamin B1 : • 3 groups of animals received 10 mg., 16 mg. and 
25 mg. each daily of the former preparation and 3 groups 2.5 (lg., 
4.0 (J.g. and 6.25 (J.g. of the latter, respectively. The growth rate 
was observed for a period of 5 weeks. The total body-weight 
increase of the individual rats is given in Table VIII. 

Table VIII. 

Co~rPARISON oF THE VITAliiiN B1 PoTENOY OF THE ST.L'IDARD .ADsonPTJON 

PRODUCT AND OF THE CRYSTALLINE STANDARD 

BY A RAT·GROWTII METHOD (J. G. FARBENINDUSTRm) 

Group 1 Group 2 . Total weight increase in g. in 5 ,.-ecks Total weight increase in g. in 5 weeks 
of animals receiving 
the adsorbate (daily) 

or animals receiving 
crystalline vitamin B1 (daily) 

10 mg. 16 mg. 25 mg. 2.5 p.g. 4.0 p.g. 6.25 p.g. 

23 32 40 9 26 23 
19 28 31 12 28 24 
15 32 39 16 22 39 
13 38 30 14 23 27 
20 40 42 17 14, 34 
14 22 38 9 24 39 
13 23 43 5 19 28 
15 19 26 28 
14 12 34 
23 26 

lnraao ! 16 9 r .. anup • 29.2 37.5 ll.7 22.0 30.6 

When the average weight increases were plotted against the 
logarithms . of the doses, straight lines were obtained for both 
groups of animals. Those lines were parallel and showed that 
10 mg. of the StmKlard adsorption product (1 I. U.) wa-11 equivalent 
to 3.45 (LU· of the crystalline vitamin. ' 

G. Report of T. 1!. 1llacrae, 0. E. Work 
and M. M. El-Sadr (London). 

Method. - The growth tests were carried out by the method 
described by OmcK and RoscoE. I Young rats received at weaning 

I Biochem. Jl., 1929, 23, 498. 



388 NEW STA.l"'DARD OF VITAlliiN B1 

a basal diet consisting of extracted casein 20, rice starch 60, lard 3, 
hardened cotton-seed oil 12, McCollum's salt mixture (No. 185) 5, 
and water 100 ; the diet was cooked by steaming. Each animal 
received 0.08 mi. cod-liver oil daily. .After 1 week, each animal 
was given the additional supplement of 1.0 ml. of an aqueous 
extract of yeast which had been autoclaved at pH 5 and 120° C. 
for 5 hours and was equivalent to 0.5 g. dried brewers' yeast. For 
about 10 days after receiving the autoclaved yeast extract, rats 
increased in body-weight and thereafter the body-weight began 
to decrease. .After the body-weight had remained constant or 
decreased for a period of 5-7 days, the animals were given the 
materials to be tested for vitamin-B1 activity, and the growth 
rates were observed for a period of 4 weeks. The doses of standard 
adsorption product or of crystalline vitamin administered and the 
increases in body-weight observed are given in T~ble IX. 

Table IX. 

CoMPARISON OF THE POTENCY OF THE STANDARD ADSORPTION PRODUCT 

OF VITAl!IN Bl AND THE CRYSTALLlNE STANDARD BY A. 

RAT-GROWTH lliETHOD (T. F. l\!A.CRAE et al.) 

Animals given the crystalline vitamin Animals given 
the adsorbate 

2 l'lr· dally 2.5 l'lr· daily 3 l'lr· daily 3.5 ~-daily 10 mg. daily 

Total Total Total Total Total 
Rat 

.weight 
Rat 

weight weight .weight weight mcrense increase Rat increase Rat No. in 4 weeks, No. in 4 weeks, No. in 4 weeks, 
1ncreasc Rat increase 

No. In 4 weeks, No. in 4 weeks, g. g. g. g. g. 

778d' 
787d' 29 

24 779d' 28 788d' 27 
919d' 9 786d' 15 785d' 34 926d' 54 918d' 44 
781~ 2 917d' 41 916d' 41 923~ 47 924d' 61 
790~ 12 927d' 30 925d' 27 929~ 46 931d' 42 

784~ 19 782~ 29 780~ 36 
792~ 25 791~ 34 783~ 15 
922~ 32 921 ~ 32 789~ 21 
930~ 20 928~ 37 920~ 36 

Average ~ 
for 7. 7 25.8 32.8 49.0 34.6 group, g. 

I 

By comparison of the weight increases observed on the various 
doses of the crystalline vitamin and the adsorbate and by application 
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of the curve of response to the crystalline vitamin, it was calculated 
that tho vitamin potency of 10 mg. of the adsorbate standard was 
approximately eg_ual to that of 3!J.g. of tl!o crystalline vitamin B

1
• 

H. Report of H. E. Munsell (Washington, D.O.). 

The rat-growth method for the estimation of vitamin B1 used 
in the investigators' laboratory was employed. Four groups of 
rats were given varying amounts of the crystalline vitamin and the 
Standard adsorption product. The rats of the litters employed 
were divided as evenly as possible amongst the groups. The results 
are given in Table X. · 

Table X. 

Co~!PARISON OF THE POTENCY OF THE ST,\NDARD ADsORPTION PRoDUCT 

OF VITAMill' B1 AND THE CRYSTALLINE STANDARD 

BY A RAT-GROWTH METHOD (H. E. 11-IUNSELL) 

Daily amount or crystalline vitamin B, Daily amount 
or adsorbate 

2 1'!:· 3 ... g. 4 I'!:· 10 mg. 

Gain Gain Gain Gain 
Rnt in weight Rnt in weight Rat in weight Rat in weight 
No. in 5 weeks, No. in 5 w.ceks, No. in 5 weeks, No. in 5 weeks, 

g. g. g. g. 

21477s;! -3 21480s;! 8 21479s;! 13 21478s;! 21 

21482s;! 1 21488s;! 11 21481 s;1 12 21483d' 2 
21487s;! -5 21530d' 15 21484d' 16 21531d' 13 

21528d' -3 21536s;! 1 21486s;! 16 21535s;! 14 

21534s;! -2 21543d' 12 21529d' 13 21545d' 9 

21544d' -6 21549s;! 9 21537s;! 13 21548s;! 18 

21557d' -7 21560d' 6 21546d' 12 21558d' 15 

21564s;! 1 21561 s;1 3 21559d' 19 21562s;! 6 

21565d' -6 21566d' -4 21563s;! 16 21567d' 1 

21571 s;1 -10 21572s;! 0 21569d' 14 21574s;! 3 

21577Q -12 215SOS;! -2 21570d' 11 21579Si! 8 

21578s;! -12 215S4s;! 2 21573s;! 2 21586s;! 10 

21587s;! -10 21592d' 13 21581 s;1 7 21589s;! 11 

21590d' 4 21598s;! 9 21585Q 14 21591d' 17 

21595s;! 0 21599d' 8 21594d~ 24 21596Q 14 

21600d' -2 21603Q 6 21598s;! 13 21601d' 16 

21602d' . 11 21605Si! 16 
21604Q 16 

Average) 
for group .' 

-4.5 6.0 13.5 11.4 
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From the curve of response to the crystalline vitamin, it was 
calculated that the vitamin potency of 10 mg. of the adso1·bate standard 
was approximately eg_ual to that of 3.7 !LY· of the m·ystalline tJitamin. 

I. Repo1't by 8. Ohdake anil T. Yamagishi (Tokio). 

Young albino rats of about 40 g. body-weight were fed a diet 
free from vitamin B11 composed of the following ingredients : purified 
starch 60, purified casein 20, arachis oil 15 and McCollum salt 
mixture (No.185) 5. Each rat received daily supplements of 3 drops 
of cod-liver oil and 0.4 g. of autoclaved yeast. After a preliminary 
period of 1 week, the animals were given the various supplements 
of the Standard adsorption product and the crystalline standard. 
Other animals were given a crystalline specimen of vitamin B1 

prepared from rice polishings (Oryzanin). The growth rates of 
these rats were observed for a period of 5 weeks. Negative control 
animals received no vitaminB11 and they developed acute symptoms 
of vitamin B1 deficiency in 4-5 weeks. 

The results are given in Table XI. 

Table XI. 
CoMPARISON OF THE POTENCY OF THE STANDARD ADSOB.Pl'ION PRODUCT 

OF VITAMIN Bl, THE CRYSTALLINE STANDARD AND NATURAL VITAMIN B1 
FROM RICE POLISHINGS (0RYZANIN) BY A RAT·GROWTH l\IETHOD 

(S. 0HDAXE AND T. Y.AMAGISHI) 

Average 

Material Daily dose Rat weekly weight Average 
No. increase lor lor group period or 

5 weeks 

, g. g. 

I 720 4.8 

~ 5 mg. 
I 

722 2.6 4.0 
733 4.6 

I 

I 
I 717 8.3 

Standard adsorption } 718 8.5 
product ................ 721 9.4 10 mg. 

I 
732 9.6 

9.0 

735 8.5 
773 9.5 

I 
15 mg. 714 9.4 

~ 
9.8 

l 734 10.1 ---
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Average 
Rat weekly weight Average Material Dally dose increase for No. period of ror group 

5 weeks 

ll· I g. 

l 761 4.2 

( 1.0 IJ.g. 764 6.0 6.0 
763 7.8 

I I 

l 757 5.6 

l 1.5 IL!l· 759 9.2 7.8 
760 8.9 

! 1---
739 8.2 

J Crystalline vitamin B1 

l 
740 7.3 

8.6 standard •...•••......... 2.0 IL!l· 787 9.2 \ 819 9.8 

I 

I 
729 8.7 

l 736 9.0 
2.5 IJ.g. 783 12.1 

\ 
9.5 

784 8.1 
785 9.4 I 

3.0 ILS· 820 13.2 I 13.2 

I I 
l 

744 4.8 

! 1.0 ILS· 746 4.7 5.0 
745 5.5 

I 
I 766 6.1 

1.5 ILS· 767 7.2 6.9 

I 768 7-5 

! 1---
769 7.6 

J Crystalline vitamin B1 from \ 770 8.0 8.8 2.0 ILS· 

l 771 9.8 I rice polishings ........... 
772 9.6 

l I 
775 9.1 

~ 777 8.4 9.2 2.5 IL!l· 
( 780 8.9 

782 10.2 

778 !0.1 10.5 3.0 11-g. 781 10.9 
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The above growth rates indicate that the potency of 10 tng. of 
the adsorbate is equivalent to that of 2 to 2.5 !LY· of the C'rystalline 
standard; the natural crystalline vitamin had the same potency 
as the crystalline standard. 

J. Report of R. R. Williams (New York) 
and W. L. Sampson (Rahway, N.J.). 

No direct comparison of the adsorbate and crystalline standards 
was made by rat·growth methods, but the potency of the adsorbate 
and Merck synthetic vitamin B1 was compared. This particular 
preparation of crystalline vitamin B1 was one of the four 
which were employed in the making of the standard. The 
authors found that the Merck synthetic material had the same 
biological potency as the crystalline standard by a rat-curative 
method (page 401) and therefore the inclusion of this report is 
desirable. 

The basal diet of CrusE and SHERMAN was employed. Two 
distinct experiments were carried out. The growth rates which 
followed administration of the various supplements are given in 
Table XII. 

Table XII. 

Colll'ARISON OF THE POTENCY OF THE STANDARD ADSORPTION PRODUCT 

OF VITAMIN B1 AND l\IERcK SYNTllETIO VITAliiiN B1 BY A RAT·GROWTH 

:liiETROD (R. R. Wn.LLUIS AND w. L. SUIPSON) 

Experiment 1. Daily amount ol Merck 
Daily 

amount of 
crystalline vitamin B1 adsorbate 

standard 

5 .. g. 4 ~. 3 .. g. 10 mg. 

41 19 42 
45 49 31 14 
8 30 54 50 

Weight increlllle of individual 56 16 28 20 
rats for period of 28 days, g. 46 43 -1 48 

46 27 16 22 
37 39 6 37 

10 

Average for group ......... ·I 39.8 31.8 20.6 33.3 
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Table XII (continued). 

Experiment 2. Daily amount or Merck 
cryst.alline vitamin B, 

4.5 llll· 4.0 v.g. 3.5 v.g. 

21 17 
32 38 17 
16 35 27 
18 22 41 
35 18 16 

Weight increase of individual 29 29 19 

rata for period of 28 days, g. 58 38 23 
36 14 17 

50 23 
24 37 
17 38 
15 23 

Average for group ...••.•••• 32.0 26.7 24.8 
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.!~/ .. 
adsarbah 
slaodllll 

3.0 v.g. 10 mg. 

4 28 
7 37 

12 14 
8 30 

17 29 
14 
11 
16 
37 
40 
38 
31 

---
9.6 27.0 

In both experiments, the vitamin potency of 10 mg. of the adsorbate 
Standa1·d Wall approximately equivall)nt to that of 4 !Jog. of the Merck 
synthetic vitamin B1• 

3. COMPARISON BETWEEN THE ORIGINAL INTERNATIONAL 

STANDARD OF VITAMIN B1 (STANDARD .ADSORPTION PRODUCT) 

AND THE NEW STANDARD (VITAliiiN B1, HYDROCHLORIDE) 

BY RAT-CURATIVE :METHODS 

A. Report of N. B. Guerrant 
(Pennsylvania State College, Pa.). 

Rats which had developed paralytic signs due to deficiency of 
vita.min B1 were given single doses either of the adsorbate standard 
of vitamin B1 or of the crystalline material. The duration of the 
cures effected and the maximum growth responses observed are 
given in Table XIII. 

From the experimental data, it was calculated that 10 'ng. of 
the Standard adsorption product had approximately the same vitamin 
potency a8 2.7 !Jog. of the crystalline vitamin B1• 



394 Table XJll, 
CoMPAJUSON OF '1'BE POTENCY OF THE STANDARD ADSORPTION PRODUCT 

OF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY A RAT·CURATIVE METlloD (N. N. GUERRANT) 

Amount of standard adsorption product Amount. or crystalline vilomin 

15 mg. 20 mg. 3 l'!l· 

.. :5 ,; :5 - ., .. 
~ .. .s ". 0 '0.!! !:! <= 

o.; 
., 

" . 0.~ 
... oto .,tb g,; il 3-= .. 

e ::: tear E ~e.) e"S:~ 

" 
.. .. ~ il fc..s ., ... .... ·:28. - .,_ u El!! c; .,_ Sl!! ·- d .... .. 

0 .... toe .. ~ .. "" 
,., 

""'" ~ :>o "" !:~"- " -"" .. 
io '"' E"- ., '"' ... eo. !:1 "" " 

~"" " ~f -§, ~c. " ~e 
.. 

~ ~ 
·;; ·;; 69 + 7 5 
~ ::;; ~ ::;; 

73 ++ 6 2 
71 + 10 9 61 + 16 5 74 ++ 7 (\ 

75 + 10 11 70 ++ 13 5 68 + 7 2 
6i +++ 3 1 72 + 16 9 70 + 6 5 
75 + 13 10 65 ++ 7 8 66 + 4 7 
60 ++ 5 4 62 + 9 9 63 ++ 7 5 
72 ++ 4 8 62 ++ 10 10 63 + 4 4 
88 ++ 8 3 76 ++ 7 11 61 + 5 3 
58 +++ 3 1 65 ++ 8 10 68 ++ 7 3 
59 + 8 6 69 + 13 6 57 + 10 7 
63 ++ 2 7 63 + 12 7 74 + 7 2 
65 + 13 4 79 ++ 14 7 75 ++ 7 4 
e3 ++ 5 3 82 ++ 15 10 76 ++ 7 6 
65 ++ 5 6 68 + 8 4 84 + 3 1 
64 + 9 7 + 66 + 3 2 

77 ++ 4 4 
61 + 4 3 
58 ++ 7 7 
73 + 5 2 

I matt ,,.., 1 6s 1.7 (+) 7.0 5.7 69 1.5 (+) 11.4 7.8 69 1.4(+) 5.8 4.0 

: 
Amount ol crystalline vitamin 

4 (.lg. 5 l'!l· 6 l'!l· 

60 + 10 5 78 + 13 7 87 ++ 10 8 
70 + 11 4 70 ++ 15 3 72 ++ 15 7 
79 ++ 6 2 62 ++ 15 7 54 + 10 6 
60 + 7 8 so + 12 4 56 ++ 11 2 
80 + 7 4 67 + 12 6 56 ++ 21 6 
63 + 7 4 65 ++ 7 9 60 ++ 10 6 
68 ++ 9 6 74 + 12 4 62 + 14 8 
62 ++ 5 4 58 ++ 8 7 66 + 10 8 
75 ++ 6 7 57 ++ 13 7 62 ++ 8 10 
68 + 9 5 64 ++ 9 5 60 +++ 6 8 
62 + 12 8 69 ++ 10 4 67 ++ 11 7 
78 + 4 4 67 + 9 3 65 + 17 12 
60 ++ 4 5 76 + 12 8 71 ++ 12 6 
79 + 5 3 73 ++ 8 3 68 + 13 7 
70 +++ 12 5 74 + 8 5 62 ++ 9 2 
64 ++ 6 6 65 ++ 5 3 61 7 
55 + 9 3 + 15 

66 ++ 7 8 68 ++ 9 7 73 ++ 12 8 57 + 11 6 72 ++ 10 7 69 ++ 10 3 63 ++ 9 6 79 + 9 4 
74 + 13 3 
56 + 6 1 
62 + 8 5 
67 ++ 5 3 
60 + 11 2 
61 + 5 5 
70 ++ 5 4 
64 + 6 4 
58 ++ 10 6 
65 ++ 9 7 
66 ++ 11 4 
71 + 8 2 
60 ++ 6 3 
67 + 5 4 
70 + 6 5 .... ,. 

"'"'" 
1 67 1.5(+) 7.7 4.7 69 1.6(+) 10.3 5.7 6.9 1.8(+) 12.8 7.3 

+ = sll hU ora 11 .• Y P lytle. 
+ t:!: = delm•t

1
ely paralytic, thrown Into sposm by rotoUon 

• :.= severe y paralytic, unable to stand. • 
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B. Report of L. J. Harris (Oambridge). 

The technique used was that described by BmCH and HARRIS.l 

Young male piebald rats (standard strain) weighing between 70 and 
90 g. were placed on the basal diet specified on page 384, with the 
following supplements: (1) autoclaved dried brewers' yeast, heated 
for 3 hours under 15 lb. pressure, 10% by weight (as source of vita
rnin-B1 complex); (2) fresh (unheated) dried brewers' yeast, 0.4% 
by weight (to supply the small amount of vitamin B

1 
required to 

induce the condition of chronic hypovitaminosis favourable to the 
development of convulsions) ; (3) cod-liver oil, 2 drops per rat daily . 

.After about 15 to 20 days on this diet, rats began to give evidence 
of polyneuritic symptoms. If convulsions supervened when the 
animals were suspended by the tail and rotated, a test dose was 
given and the number of days which elapsed before convulsions 
reappeared was determined, the animals being rotated daily to 
ascertain freedom from convulsions or otherwise. Table XIV 
gives the details of the tests carried out. 

Table XIV. 
Col!PABISON OF THE PoTENCY OF THE STANDABD ADSORPTION PRODUCT 

OF VlTAllliN B1 AND. THE CRYSTALLINE STANDARD 

BY A RAT·Ot'RATIVE :ltfETHOD (L. J. HARRIS) 

l\laterlal tested dose given I Single Days cured, Individual animo Is Mean 

! 20 5, 6, 8, 8, 8, 9, 11, 11 8.25 
Standard adsorption 

40 9, 10, io, 11, 12, 12, 15, 15, 16 12.22 
product, mg. ... 60 14, 14, 15, 15, ·15, 16, 17, 18 15.50 

I 
8, 10, 10, 11, 11 9.13 l 6 7, 8, 8, 

Crystalline 12 9, 11, 12, 13, 14, 14, 14, 17 13.00 
vitamin B1, 11g .... 18 14, 14, 14, 15, 15, 16, 17, 18 15.38 

I 

From the average values, the dose-response curves were con
structed. Best agreement between the separate curves for adsorbate 
and crystals was reached when the scales chosen bore the relation 

10 mg. ad8orbate (1 I. U .) = 2.70 !1-U· crystaUine'IJitcvtninBl. 

• Biochem. JZ., 1934, 28, 602. 
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It is important to note that some falling-off from the linear 
relation occurs with large doses of the vitamin, and that this is 
more pronounced with the pure crystalline material than with the 
less active adsorbate. It is· obvious, therefore, that, in deciding 
on the scales of equivalence, principal importance should be 
attached to the central points in the curve. 

C. Report of B. 0. P. Jansen (Amsterdam). 

A modification of the method of estimation described by SJIIITH 1 

wa~ employed.2 Young rats received a diet consisting of washed 
polished rice 60, purified casein 3, salts 3, col-liver oil 1 and auto
claved yeast 10. The animals increased in body-weight for some 
weeks, after which a fairly rapid fall in body-weight occurred. 
When the body-weight had decreased by 20-30 g., the animals were 
given test doses either of the adsorbate standard or of the crystal
line material, and temporary increases in the body-weight of the 
animals occurred. The product of (1) the maximum weight increase 
observed in g. and (2) the period in days which elapsed before the 
body-weight of the animal was the same as when the test dose 
was administered, was taken a~ the measure of vitamin potency 
of the test material. Each rat could be used for many tests. 

The results obtained are given in Table XV opposite. 
Thus the potency of 50 mg. of the adsorbate standard is approxi

mately equal to that of 15 (J.g. of the crystalline standard ; 10 mg. 
of the adsorbate is therefore approximately equivalent to 3 (J.U· of the 
urystals. In previous experiments, it was found that crystalline 
vitamin B1 from yeast or rice bran has the same potency as the 
synthetic vitamin. 

D. Report of P. di Mattei (Pavia). 

The JANSEN modification 2 of the method of SMITH a was employed. 
Young rats were given the following diet : washed powdered 

rice 90, casein 3, salt mixture (Harden and Zilva) 3 halibut-liver 
oil 1, yeast (autoclaved 5 hours at 120o) 10. After about 4 weeks, 

1 U.B. Public Health Rep., 1930, 46, 116. 
• Zeitaclor.f. Vil4minjor8Ch., 1936, 6, 254. 
3 U.B. Pub. Health Rep., 1930, 46, 116. 
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Tablo XV. 

CoMPARISON OF THE POTENCY OF THE STANDARD ADSORPTION PRoDUCT 

OF VITAMIN B1 AND THE CRYSTALLINE VITAMIN 

BY THE SmTH-JANSEN l\lETuoD (B. C. P. JANSEN) 

Administering o! 50 mg. (= 5 I.U.) Administering o! 15 IJ.g. o! the original standard adsorbate gave o! tho synthetic product gave 

1. 1. 
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Maximum 2. Product o! Maximum 2. Product o! growth, Period, days 1 X 2 growth, Period, days 1 X 2 g. g. 

12 7 84 15 5 75 
13 9 117 16 8 128 
13 6 78 12 7 84 
14 6 84 12 9 108 
12 5 60 14 10 140 
7 7 49 16 7 112 

15 8 120 13 6 78 
11 8 88 12 6 72 
13 9 117 15 7 105 
8 8 64 14 7 98 

11 7 77 15 7 105 
9 6 54 16 4 64 

11 8 88 12 5 60 
10 14 140 18 7 126 
13 8 104 10 6 60 
10 7 70 13 7 91 
9 5 45 14 7 98 

16 7 112 13 7 91 
10 5 50 17 7 119 
15 6 90 15 9 135 
14 6 84 14 6 8!1. 
15 8 120 14 8 112 
13 5 65 13 5 65 
8 6 48 8 5 40 

15 6 90 15 10 150 
13 8 104 18 8 144 

13 7 91 15 7 105 
15 7 105 10 5 50 

15 7 105 
Mean ....... 86 13 9 117 

12 7 84 
13 7 91 

l\lca.n ....... 97 
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when the animals' body-weight had decreased by 15-20 g., the ani
mals were given orally test doses of the adsorbate or the crystalline 
vitamin. The maximum increase in body-weight in g. which 
resulted and the time in days for the animal to return to the same 
body-weight as when the test dose was given were observed. The 
product of these was taken as the index of vitamin activity. The 
results of the various tests are given in Table XVI. 

Tnblo XVI. 

CoMPARISON OF THE VITAMIN POTENCY OF THE STANDARD .ADSORPTION PRODUCT 

OF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY THE SllllTH-JANSEN 1\IETHOD (P. Dl MATTEI) 

Rats given odsorbale standard Rats given crystalline vitamin 

1. 
Maximum 
. weight 
mcrease, g. 

13.0 
6.0 

15.0 
18.0 

11.5 
12.0 
9.0 

10.0 

10.5 
10.5 
10.0 
6.0 

2. 
Duration Product, 

or increase, 1 X 2 
days 

Dose 100 mg. 

20.0 260.0 
11.5 69.0 
13.0 195.0 
15.0 270.0 

Average .... 198.5 

Dose 86 mg. 

10.0 115.0 
18.0 216.0 
12.5 112.5 
12.0 120.0 

Average .... 140.9 

Dose 75 mg. 

8.5 89.25 
9.0 94.50 
9.0 90.00 
7.0 42.00 

Average .... 78.9 

1. 
Maximum 

weight 
increase, g. 

14.5 
12.0 
12.5 
17.0 

10.0 
10.5 
12.0 
9.5 

10.0 
6.0 

11.0 
9.0 

2. 
Duration Product, 

of increase, 1 X 2 
days 

Dose 35 ILl!· 

15.0 217.5 
12.0 144.0 
14.0 175.0 
15.5 263.5 

Average .... 202.5 

Dose 30 ..,g. 

11.0 110.00 
23.5 246.75 
17.5 110.00 
9.5 90.25 

Average .... 139.50 

Dose 26 l'g. 

10.0 100.0 
7.5 45.0 
9.0 99.0 

10.0 90.0 

Average .... 83.5 

The results indicate that the potency of 100 mg. of the adsorbate 
8U:nda_rd i8 approximately equal to that of 35 (J.g. of the cryBtallinB 
1Jttamtn or that 10 mg. of the adsorbate ( 1 I. U.) i8 equal to 3.5 (J.g. 
of cryBtalline vitamin B

1
• 
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E. Report of Messrs. E. Merek (Darmstadt). 

The method employed 1, although differing in detail, resembles 
that of SlluTH. 2 

Hats whose body-weights were decreasing in consequence of 
deprivation of vitamin B1 were given single test doses of the 
vitamin, either as the standard adsorbate or crystalline vitamin. 
The magnitude and duration of the resulting increase of body
weight due to administration of the vitamin B1 were taken into 
consideration in calculating what is called the "activity number", 
which is a measure of the vitamin potency of the test dose. 

The results obtained are given in Table XVII. 

Table XVII. 

CoMPARISON OF THE POTENCY OF THE STANDARD ADsORPTION PRODUCT 

OF VITAMIN B1 AND THE CRYSTALLINE ST~'iDA.BD 

BY A 1\IETHOD Sllll!LAR TO THE SmTB·JANSEN 1\lETHOD (E. 1\IERCK) 

Average 

Dose adminislered Number Aclivily number ol activity 
of animals individual animals number 

ol group 

50 adsorbate I 320, 420, 470, 270, 410 I mg. 15 340, 330, 260, 300, 360 l 335 
standard .•••...• l 400, 270, 300, 240, 330 

1---------
! 

470, 320, 310, 350, 330 
10 !J.g. crystalline 15 20 260 370 360 340 

3 ' ' ' ' 
standard • • • · · · • • 320, 440, 330, 400, 270 

346 

I 

It is thus taken that 50 mg. of the adsorbate standard is equi
valent in vitamin potency to 10 !J.g. of the crystalline standard 
or that 10 mg. (1 I.U.) = 2 (J.g. 

The potency of a sample of synthetic crystalline vitamin Bx 
which was included in the making of the crystalline standard has 
been compared with that of the adsorbate standard ; in all, 216 
tests have been made. 

Again, 10 'mg. of the adsorbate had the same potency a8 2 !1-U· of 
the e~-ystals. 

1 See MoLL, E. Mercl.:'B Jahresbericht, 1935, 49, 57. 
• U.S. Pub. Health Rep., 1930, 45, 116.. 
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F. Report of E. M. Nelson and 0. L. Kline (Washington). 

When the litters of young rats were 12-13 days of age, the mothers 
were given a diet deficient in vitamin B1, consisting of sucrose 61.25, 
casein 18.0, salts 4.0, autoclaved yeast 4.0, autoclaved peanuts 10.0, 
purified liver extract 0. 75 and cod-liver oil 2.0. The young animals 
were weaned at 25-30 days and were maintained on the above 
deficient diet until acute polyneuritic symptoms were observed. 
The rats were then given a single dose of the standard adsorbate of 
vitamin B1 and were observed daily ; the period from the time the 
dose wal! administered until recurrence of the acute polyneuritic 
symptoms was noted and was named the curative period. The 
animals· were then given successive doses of 5 !J.g. and 6 !J.g. of the 
crystalline standard and the curative periods were again determined. 

The curative period was used as a measure of vitamin B1 potency. 
The results are given in Table XVIII. 

Table XVIII. 

Co~IPARISON OF THE PoTENOY OF THE STANDARD ADSORPTlON PRODUCT 

OF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY A RAT-CURATIVE METHOD (E. 1\I. NEUlON AND 0. L. KLINE) 

Curative period in days. 

Rat Crystalline vitamin Adsorbate standard I Crystalline vitamin No. 5 l'lr· 20 mg. 6 ltg. 

399 7 9 12 
400 9 8 12 
403 8 6 9 
404 8 12 14 
406 7 9 9 
407 10 8 13 
416 8 9 10 
417 11 12 12 
418 7 8 I 8 
420 7 6 9 
425 6 7 10 
426 6 7 12 
429 9 8 12 
430 8 7 11 
432 8 10 9 
434 8 8 11 
436 8 10 14 
437 8 9 10 
443 9 10 14 

Average .... 8.0 8.5 11.1 
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It is concluded from the above 10 mg. of the adsorbate 8tandard 
( 1 I. U.) and 2.6 fLU· of the cry8talline 8tandat·d are equivalent in poteney. 

G. Report of R. R. William8 (New York) 
and W. L. Sampson (Rahway, N.J.). 

Young 1·ats were maintained on a diet deficient in vitamin B
11

1 

and after 4-5 weeks, when the animals had lost 30-40% of their 
maximum weights, they were examined twice daily for " poly
neuritic " symptoms. Animals which showed distinct convulsive 
seizures when rotated by the tail were then given single doses either 
of the standard adsorbate or of the crystalline vitamin. The 
animals were considered cured when complete freedom from con
vulsions or inco-ordination was maintained for a. period of at least 
4 days. Rats which died within 24 hours of administration of the 
test dose were not included in the results. .Animals which showed 
no cure after 48-96 hours were conserved for further testing by 
administration of an amount of vitamin D1 sufficient to effect 
a cure. When rats so treated again showed " polyneuritic " symp
toms, they were again ready for further tests . 

.A curative dose is deijned as the minimum amount of substance 
that will effect a cure in 70% '± 10% of the test animals. The 
results are given in Table XIX. 

Table XIX. 
CoMPARISON OF THE POTENCY OJ!' THE STANDARD ADSORPTION PHoDUOT 

OF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY A RAT·OURATIVE METHOD (R. R. WILLIAMS AND W. L. SAMPSON) 

Average 
Average Number Number weight 

or or % cure<! gain or duro.Lion Subs lance Dose animaJs animttls cured or cures, 
used cured animals, days 

g. 

4 1-'g. 17 3 18 6.3 9.0 
Crystalline ) 5 23 18 78 8.0 7.7 

standard ..... " 6.9 7.8 6 
" 

10 10 100 

I 
10 55.5 7.0 6.6 16 mg. 27 

Standard 18 
" 10 7 70 6.0 6.5 

adsorbate .... 20 
" 

17 13 76 7.7 7.5 
24 

" 8 8 100 12.3 12.2 

1 .Alllli!EIWA.N and WATEIWA.N: Jl. Nutrition, 1935, 10, 25. 
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Thus 5 !J.g· of the crystalline vitamin, which cured 78% of the 
test animals, and 20 mg. of the acid clay adsorbate, which cured 
76%, were equivalent doses. 

10 mg. of the ad.Yorbate standm·d is therefore equivalent in vitamin B1 
potency to 2./i !J.g. of the crystalline standard. 

* * * 
.Additional Data. - In other experiments, in which many rats 

were used, Merck crystalline vitamin B1 was found by the above 
method to be equal in potency to the standard crystals. 

Quinine sulphate eluates, prepared from 12 mg. portions of the 
standard adsorbate,l cured 72% of "polyneuritic" rats, while 
5 !J.g. of Merck's crystals cured 73.8%. Thus quinine sulphate 
eluates of the adsorbate standard are more potent than the adsor
bate itself when administered to "polyneuritic " rats. The eluate 
from 10 mg. of the adsorbate standard is equivalent in potency 
to 4.2 (J.g. of the crystalline vitamin. 

4. COMPARISON BETWEEN TH1i ORIGINAL lNTERN.ATION.AL 

ST.Al\'DABD OF VITAMIN B1 (STANDARD ADSORPTION PRODUCT) 

.AND THE NEW STANDABD (VITAMIN B 1 HYDROCHLORIDE) 

BY THE RAT-BRADYCABDIA METHOD 

A. Report of L. J. Harris (Cambridge). 

The procedure followed that previously described. 2 Young 
piebald rats (standard strain) of body-weight 45-50 g. were given 
the basal diet described previously (page 384). After 21-25 days, 
the animals began to lose weight, and, as soon as the body-weight 
was within 10 g. of the original body-weight at the start of the 
experiment, daily measurements were taken of the heart rates. 
Dosing was begun as soon as the heart rate had fallen to between 
375 and 400 beats per minute, compared with the normal rate 
of 500-550. Test doses, either of the crystalline vitamin or the 
standard adsorbate, were then given, and the duration of the cure 

1 
WILLLWS: Jl. Amer. Ohern. Soc., 1937, 66, ll87. 

2 
BmcH and HARRIS : Biochem. Jl., 1934, 28, 602 • LEONG and HI.:RBIS : 

Bioclulm. Jl., 1937, 31, 672 ; DRURY and liAR.RIS : Ol~em. z:a .. 1930, 49, 851. 
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was determined by daily measurement of the heart rate. In inter
preting the " duration of the cure " to the nearest day, the following 
criterion was used : the cure was not regarded as at an end so long 
as the rate remained at any value greater than 5 beats per minute 
above the minimal level. 

Rats were generally used several times over for consecutive tests . 
.Any animal whose heart rate had fallen below 375 was given a dose 
of vitamin B1 to bring it well over 400 ; the rate was then allowed 
to fall slowly to 375-400 before another test was made. 

The results of the tests are given in Table XX. 

Tablo XX .• 

. ColiPARISON OF THE POTENCY OF THE STANDARD ADSORPTION PRODUCT 

OF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY THE RAT·BRADYOARDIA lllETHOD (L. J. ILuuus) 

Num-
Duration oC cure, days Dose ber ol 

Material tested given tests 
per-

formed Indivldual animals Mean --
10 12 I, 2, 2, 2, 3, 3, 3, 3, 3, 3, 4, 4 2.75 

Adsorbate standard, 20 12 3, 3, 3, 4, 4, 4, 4, 4, 4, 4, 4, 5 3.83 
mg •••••••••••••••• 30 11 4, 4, 4, 4, 4, 5, 5, 6, 6, 6, 7, 5.00 

40 12 4, 5, 5, 6, 6, 6, 6, 8, 8, 8, 8, 8 6.50 

) '·' 12 1, 2, 2, 2, 3, 3, 3, 3, 4, 4, 4, 4 2.92 
Crystalline 5.0 12 2, 2, 3, 3, 3, 3, 4, 4, 4, 4, 5, 7 3.67 

vitamin B1, 11-g. . . . . ~~:~ II 4, 4, 4, 5, 5, 5, 5, 6, 6, 7, 8, 5.36 
11 5, 5, 5, 5, 6, 6, 7, 7, 8, 8, 9, 6.45 

If the doses are plotted against the days cured, the resulting 
dose-response curves lie virtually along straight lines both for the 
crystalline and the adsorbate standards. The relative slopes of the 
two straight lines give the relative activities of the two materials. 
The relation thus found agrees almost exactly with the figures : 
adsorbate 10 mg. = 2.50 fLU· crystalline vitamin B1. 

B. Report of Messrs. F. Hoffmann-La Roclte (Ba8le}. 

The results are based on 150 tests on rats in which the activity 
of the adsorbate was compared with that o! the crystalline vitamin Bu 
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ColiPARISON OF THE POTENCY OF TilE STANDARD ADSORPTION PRODUCT 

OF VITA.o'IIN Bl AND THE CRYSTALLINE STANDARD 

BY THE RAT-BRADYCARDIA METHOD (F. HOFF~L\NN-LA ROCHE) 

Adsorbate standard 

10 mg. 20 mg. 30 mg. 

~ ~~ 

~c. '0 
~ .. 

~§: 
~ 

~ .. 
~·§" 0 

~ 
0>, 0>. o., 0>, 

="' "" .!!l " g~ .. o; o"' 'Ol; .. ., =, ,e ~c; "'e ,ge ,ge 0 

~~ 
_ .. ·- - _ .. 

.<>E :=.;- .. e·c; s .. e·c; -~ .. e-c -;; eu - .. eu 
"" ~~ "" :1~ ""' :1~ -.. :>- ~~ oo z Q';; z Q';; z Q';) !-<-

18 0.0 o.o 6 o.o o.o 1 1.8 1.8 
1 1.4 1.4 7 2.0 14.0 1 2.5 2.5 
3 1.5 4.5 1 2.4 2.4 2 3.0 6.0 
1 1.7 1.7 4 2.5 10.0 3 3.5 10.5 
1 1.8 1.8 1 2.8 2.8 5 4.0 20.0 
9 2.0 18.0 11 3.0 33.0 1 4.3 4.3 
1 2.3 2.3 1 3.2 3.2 3 4.5 13.5 
4 2.5 10.0 3 3.5 10.5 1 5.0 5.0 
2 2.7 5.4 13 4.0 52.0 2 6.0 17.0 
1 2.8 2.8 1 4.2 4.2 1 6.5 6.5 
3 3.0 9.0 1 4.3 4.3 
1 3.3 3.3 4 4.5 18.0 
1 3.4 3.4 1 4.7 4.7 
1 3.5 3.5 5 5.0 25.0 
2 4.0 8.0 1 6.0 6.0 
1 4.5 4.5 
1 5.0 5.0 

51 84.6 60 190.1 20 82.1 
Average : I. 7 jours 3.1 jours 4.1 jours 

CrYStalline standard 

2.5 ILG'· I 5 ILG'· 6.7 J.lg. 

4 0.0 o.o I 3 0.0 0.0 1 2.0 2.0 
2 1.5 3.0 1 1.5 1.5 1 3.0 3.0 2 2.0 4.0 1 1.8 1.8 3 4.2 12.6 
1 2.7 2.7 6 2.0 12.0 2 5.0 10.0 
3 3.0 9.0 2 2.3 4.6 

1 2.5 2.5 
15 3.0 45.0 
1 3.2 3.2 
2 3.4 6.8 
1 3.5 3.5 
7 4.0 28.0 
3 4.5 13.5 
I 5.0 5.0 

12 18.7 44 127.4 27.6 7 
Average : 1. 55 jours 2.9 jours 3.9 jours 
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using the method of Bmcn and 1IARRIS,l The standard curve 
was ascertained using 10, 20 and 30 mg. doses of the standard 
adsorbate. The crystalline standard was given in doses of 2.5, 5, 
and 6. 7 fl.g. The results of the test are given in Table XXI. 

By application of the curve of response to the standard adsorbate, 
it was found that 19 mg. of the adsorbate corresponded to 5 fl.g. 
of the crystalline standard. 10 mg. of tlte originalstandm·d adsorbate 
is therefore equivalent in potency to 2.63 f1.g. of tlte crystalline standard. 

C. Report of tlte I. G. Ji'a1·beninclust1·ie (Elberfeld). 

The young mts (body-weight 50-55 g.) were given the diet and 
supplements described on page 384. In some of the later experi
ments, the carbohydrate supplied was changed from 30% cane
sugar + 30% rice starch to 48% cane-sugar + 12% rice starch ; 
this did not influence the results. The body-weight of the animals 
increased for 8-10 days and then, after remaining constant for a 
few days, it decreased. When the body-weight had fallen to 55 g., 
the measurement of· the pulse rate was taken. The adsorbate 
standard was given orally, and the crystalline vitamin both orally 
and subcutaneously. The same animals were employed for several 
tests, as recommended by BmCH and 1IARRIS.1 

Normal rats have a pulse rate of 500-600 beats per minute. 
When that of the deficient animals had fallen to 400 per minute 
or less for 2 consecutive days, the animals were given single doses 
either of the adsorbate or the crystalline vitamin. The pulse rate 
was then taken at least once daily to determine the duration of 
effect of the dose. When the pulse rate had again fallen to the level 
at which the vitamin was administered, the curative effect was 
considered to be at an end. The results are given in Table XXII. 

The curves of response to the acid clay adsorbate standard and 
the crystallin vitamin did not run parallel and therefore the com
parisons at the various dose levels did not agree. However, by 
taking the average values, it was considered that 10 mg. of tlte 
adsorbate standard was equivalent in potency to 3.61v-g. of the crystal
line ·vitamin administered orally and 3.33 v-g. administered sub
cutaneously. 

t Biochem. Jl., 1934, 28, 602. 



Tablo XXII. 
CoAIPARISON oF THE STANDARD ADsoRPTION PRoDUCT oF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY THE RAT-BRADYCARDIA JIIETHOD (I. G. FARBENINDUSTRIE) ~ 
0 = Adsorbate by mouth 

10 lllg. 10 mg. 50 mg. 

Number Durnlion of errecL Average Number Duration ol elfect Average Number Duration of effecL Average 
or expcr-- on individual rats, duration, or exper- on individual rots, durn lion, of exper-- on individual rots, duration, 

iments doys doys hnents days days iments days days 

0, 0 0, 0 
2, 2, 2, 2 2, 2, 2 3, 3 

19 3, 3, 3 3.42 34 3, 3, 3, 3, 3 4.15 12 4, 4, 4, 4 5.08 ~ 
4,4,4,4,4 4, 4, 4, 4, 4, 4, 4, 4, 4 5, 5, 5 :.a 

5, 5, 5 5,5,5,5,5,5,5,5 6 

~ 6 6,6,6,6,6,6 7 
7 8 11 

Crystalline vitamin by mouth ~ 2 ... g. 4 ..,g. 8 ... g. 
0 

0 "" 0, 0 2, 2 3, 3, 3 < 
13 2, 2, 2, 2, 2 2.23 12 3, 3, 3, 3, 3 3.17 19 4, 4, 4, 4, 4, 4, 4, 4, 4 4.42 ~ 3,3,3,3,3 4, 4 5,5,5,5,5 

4 5 6 ~ 
6 8 ~ 

Crystalline vilomin subcutaneously 

2 ..,g. •! ..,g. 8 ... g. 

0, 0 2 
0, 0, 0 2,2,2,2,2,2,2 3, 3, 3 

2,2,2,2,2 3, 3, 3, 3 4, 4, 4, 4 
13 3 2.31 24 4, 4, 4, 4 3.37 18 5,5,5,5,5,5,5,5 4.50 

4, 4, 4 5, 5, 5, 5 6 
5 6, 6 8 

7 
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D. Repo1·t of R. R. Williams (New York) 
ana W. L. Sampson (Rahway, N.J.). 
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It was observed in using the rat-bradycardia method that there 
was a very marked day-to-day variation in the heart rates of the 
test animals, as well as a great difference in the duration of the 
cures following administration of a given dose. 

The results obtained are given in Table XXIII. 

Table XXITI. 
COliPARISON OF TilE POTENCY OF THE STANDARD ADSORPTION PRODUC'l' 

OF VITA.."\li.N B1 AND TilE CRYSTALLINE STANDARD 

BY THE RA.T·BRA.DYCARDIA Jl-fETHOD 1 (R. R. WILLLUIS AND W. L. SAMPSON) 

____ s_u_b_st_nn_c_e ____ I __ D_o_s_e __ 
1 
__ o_u_ro_ti_on __ or_c~u_re_in __ dn~y~s~(i~nd~iv~id~u~a2I)_1_~A~v~er~a~ge~ 

Crystalline 
vitamine B1 ••••• 

Adsorbate ........ 
l 5 llg. 

7,5 llg· 
10,0 llg. 

I 20 mg. 

4,5,6,2,6,2,8,2 
3,8,4,3,5,4,4 
3, 9, 5, 4, 3, 2, 8, 5, 12, 6, 3, 6, 3, 4 
2, 3, 6, 3, 2, 5, 3, 2, 4, 7, 4, 3 

4.4 
4.4 
5.2 
3.7 

Dose levels of 2.5 !LD· of the crystalline vitamin and 10 mg. of 
the adsorbate failed to produce an appreciable effect on the heart rate. 

The above indicates that 10 mg. of the ailsorbate standa1·d is 
equivalent to somewhat less than 2.5 !LD· of the crystalline vitamin. 

5. COMPARISON BETWEEN THE ORIGINAL INTERNATIONAL 

STANDARD OF VITAJIIIN B1 (STANDARD .ADSORPTION PRODUCT) 

AND THE NEW STANDARD (VITAMIN B 1 HYDROCHLORIDE) 

BY PIGEON-CURATIVE METHODS 

.A. Report of E.. H. Goward (Lonllres). 

Details of the method employed have been published elsewhere. 2 

The pigeons were kept on wire grids and fed exclusively on a diet 
of polished rice until they developed neck retraction. Tap-water 
was also supplied. Only about half of the birds developed neck 
retraction within 28 days and could be used for the test. The 
remainder, which either died before showing the symptoms or failed 
to show any, were discarded after 28 days. 

1 The crystalline vitamin administered in these experiments was Merck synthetio 
vitamin B1 hydrochloride. 

2 CowARD et al.: Biockem. Jl., 1933, 27, 1719. 
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.As the birds became ready for dose, they were given single doses 
either of the crystalline vitamin or the adsorbate standard. Absence 
of any symptoms of neck retraction and good muscular tone 24 hours 
after dosing was taken as the criterion of cure. The birds were 
examined daily after the dose was administered, until neck retrac
tion developed again or death occurred. The duration of the cure, 
as well as the proportion of birds cured, was recorclecl for each 
group. The results are given in Table XXIV. 

Table XXIV. 
ColiPARISON OF THE POTENCY OF THE STANDARD ADsoRPTION PRODUCT 

OF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY A PIGEON-CURATIVE :i\IETHOD (K. H. Cow.um) 

)lateriol given 5 JLg. 10 J.Lg. 30 mg. 
crystals erysLols adsorbate 

Number of birds dosed ............ 15 15 15 
Number of birds cured ············ 5 10 10 
Percentage cured ················· 33.3 66.7 66.7 
Average duration of cure, dnys •...•. 3.6 4.3 4.8 

Since the doses of 10 (Lg. of the crystalline material and 30 mg. 
of the adsorbate cured the same percentage of birds, it is evident 
that these doses are equal in potency and therefore 10 mg. of the 
adsorbate standard is eguivalent to 3.3 ILU· of the crystalline standard. 

B. Report of P. di .Mattei (Pavia). 

Pigeons were fed on a diet of polished rice. Each bird received 
25 g. of the diet and, if this was refused, forced feeding was resorted 
to. After 13-17 days, the first polyneuritic symptoms appeared. 
and when these became sufficiently pronounced, groups of birds 
having symptoms of similar severity were given varying amounts 
of the crystalline standard and of the adsorbate standard. The 
birds were then observed daily ; in determining the efficacy of the 
dose administered, the effects on the survival period, body tempera
ture, weight and polyneuritic symptoms were taken into consideration . 

.All the birds which received 40 mg. of adsorbate or 10 (Lg. of the 
crystals died within 10 days ; those given 50 mg. of the adsorbate 
or 18 (Lg. of the crystalline vitamin died within 25 days ; those 
given 60-70 mg. of the standard adsorbate or 24 (Lg. of the crystalline 
material were alive after 35 days, but were not in quite perfect 
condition; and those given 80 mg. of the adsorbate or 27-30 (Lg. 
of the crystalline standard were in perfect condition after 45 days. 
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From these results, it is calculated that 10 mg. of the adsorbate 
standm·d (1 I. U.) has the vitamin potency of 3.4-3.8 p.g. of the 
crystalline material. 

C. Report of J1Cessrs. E. Merck (Da1·mstadt). 

The pigeon day-dose method of KrNNERSLEY and PETERS 1 was 
employed. 

Pigeons suffering from neck retraction developed on a diet of 
polished rice were given single doses of either 50 mg. of the adsorbate 
standard or 10 (l.g. of the crystalline standard, and the number of 
days which elapsed before the polyneuritic symptoms developed 
were observed. The " day doses " of the preparations of vitamin 131 
were obtained by dividing the amount of the preparation adminis
tered by the number of days cured. The result-s obtained are given 
in Table XXV. 

Table XXV. 
Co~tPARISON OF THE POTENCY OF THE 8T,\ND,\RD .ADSORPTION PRODUCT 

OF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY THE PIGEON DAY·DOSE l\IETHOD (E. )fERCK) 

Adsorbate standard, 50 mg. CrysLalline standard, 10 p.g, 

Pigeon Number of Pigeon Pigeon Number of Pigeon 
No. days cured day-dose, mg. No. days cured dayedose, ~£,g. 

488 5 10.0 646* 5 2.0 
508 5 10.0 647 5 2.0 
507 6 8.3 649 6 1.7 
507 4.5 11.0 650 5 2.0 
508 5 10.0 651 5.5 1.8 
545 5 10.0 645 6 1.7 
555 6 8.3 655 5 2.0 
610 5 10.0 648 5 2.0 
627 5.5 9.0 659* 5 2.0 
626 6 8.3 660* 6 1.7 
630 4 12.5 662 5 2.0 

661 7 1.5 

Average ....... 10.0 Average .•.•... 1.9 

• These pigeons received their doses by subcutaneous injectiOn; other b.rds rcce1vcd 
the viLamin orally. 

Using this method of comparison, therefore, 10 mg. of the 
adsorbate standard is equivalent to 1.9 p.g. of the crystalline 
material ; the crystalline vitamin was equally potent, whether 
administered orally or subcutaneously. 

1 Bioc/tem. Jl., 1925, 19, 820. 
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In many tests of comparison, 10 mg. of the adsorbate standa1·d 
h~s also been found to l1ave the same vitamin potency as 1.9 !LU· of 
synthetic vitamin B1 (E. Merck). These experiments substantiate 
the results obtained with the crystalline standard preparation. 

D. Reporl of 8. Ohdake and T. Yamagishi (Tokio). 

The vitamin potency of the adsorbate and standard crystalline 
vitamin was compared by two pigeon-curative methods. 

(a) Day-dose Method.- The curative" day-doses", not only of the 
original adsorbate standard and the new synthetic standard, but also 
of the crystalline vitamin B1 isolated from rice polishings (Oryzanin) 
were determined by the method of KINl\'ERSLEY and Peters.l The single 
doses of acid clay adsorbate were given orally and of the crystalline 
vitamin B1 by injection ; the results are given in Table XXVI. 

Table ll"VI. 
Co:MPARJSON OF THE POTENCY OF THE STANDARD ADSORPTION PRODUCT 

OF VITAMIN B1 AND THE CRYSTALLINE STANDARD 

BY THE PlGEON DAY-DOSE JIIETHOD (S 0HDAXE AND T YAMAGISHI) 

Standard adsorption product Synthetic vitamin D1 
standard 

Crystalline vitamin B1 from 
rice polisbings (Oryznnin) .. .. .. .. 

0 e ., e 0 "- ., •• 0 "- ] .. 
z i f z i ~ "- "-

" 
z .,; 

" " u .. -
" " u .,; 

~ " .,; 
~ ~ = u 

" "' !:'. " "' " "' ~ 
!J, "' 

., !:'. "' .. 
" .. >. .. " >. !J, " .;;- t il: ... il: ... .. 
c C) .. Q .. il: ... Q 

iii Q " C) c .. 
iii r;; Q 

904 75 6 12.5 901 10 2.5 4.0 9II 10 5 2.0 
918 .. 6 12.5 916 .. 6 1.6 922 

" 
4 2.5 

955 7 10.7 908 .. 
" 3 3.3 948 

" 3 3.3 
956 

" 6 12.5 909 5 2.0 953 3 3.3 
906 " " 50 7 7.2 909 .. 3 3.3 935 9 5 1.8 
908 

" 4 12.5 915 
" 4 2.5 935 8 4 2.0 

919 
" 5 10.0 920 5 2.0 945 4 2.0 " " 956 ,. 5 10.0 922 3 3.3 945 3 2.6 " " 936 

" 4 2.5 946 
" 

3.5 2.3 
940 

" 4 2.5 948 
" 

4 2.0 
933 8 3 2.6 
933 

" 3 2.6 
907 

" 3 2.6 
927 

" 5 1.6 
927 

" 5 1.6 
929 

" 2 4.0 
934 

" 4 2.0 
936 

" 4 2.0 

Average .... 10.98 Average ..... 2.6 Average ••..•. 2.4 

1 Biocllem. Jl., 1925, 19, 820. 
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Consideration of the above results indicates that 10 mg. of the 
ads01·batc standard (1 I.U.) has the viiamin potency of 2.4 (Lg. of the 
crystalline stan(la1·d; the natm·al cry~talline vitamin B1 has apparently 
the same potency as the synthctio vitamin. 

(b) Cumtive Test for Pigeons. - The birds were given a diet 
consisting of purified starch 60, purified casein 20, arachis oil 15, 
and McCollum's salt mixture (No. 185) 5; each bird received the 
additional daily supplements of 3 drops of cod-liver oil' and 0.4 g. 
of autoclavecl yeast. After 4-5 weeks, acute symptoms of vitamin B1 
deficiency appeared, and the pigeons were then given daily, for 
7 days, closes either of the adsorbate standard, the synthetic vita
min-B1 standard or the natural crystalline vitamin from rice polish
ings. In determining the comparative potencies of the doses 
administered, the time taken to cure the acute symptoms and the 
increase in body-weight observed during the seven days were taken 
into consideration. The results are summarised in Table XXVII. 

Tablo XXVII. 

CoMPARISON OF THE POTENCY OF THE STANDARD ADSORPTION PRODUCT 

OF VITAJIUN B1 AND THE CRYSTALLINE STANDARD 

BY A PIGEON-CURATIVE 1\fEl'HOD (S. 0IIDAKE AND T. YAli!AGISHI) 

Doily doso 

mg. 

10 
15 
20 
30 

Number 
o! pigeons 

Average Umo 
taken to e!lect 

cure, hours 

Standard Adsorption Product. 

3 Not cured 
2 72 
1 24 
1 12 

Average weight. 
increase during 

7 days, g. 

-15 
- 5 

20 
41 

Synthetic Crystalline Standard (by Injection). 
,..g. 

Died 2.0 3 Not cured 
2.5 3 Not cured 6 

3.0 3 24 11 

3.5 3 4 16 
4.0 3 3 22 

Natural Crystalline Vita»&in B1 fro»& Rice Polishings (Oryzanin) 

,..g. 

2.5 
3.5 
4.0 
5.0 

3 
3 
2 
3 

(by Injection). 

Not cured 
12 
3 
3 

7 
28 
18 
17 
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The above results indicate that equivalent vitamin potencies are 
possessed by 20 mg. of the adsorbate and by 4 (J.g. of the crystalline 
vitamin, synthetic or natural. The international 1mit of the 
adsorbate (10 mg.) therefore has the potency of 2 ILU· of the crystalline 
standard or of the crystalline natural vitamin. 

6. COMPARISON DETWEEN TBE 0RIG:U.'lAL INTERNATIONAL 

STANDARD OF VITAML.'l B1 (STANDARD .ADSORPTION PRODUCT) 

AND TBE NEW STANDARD (VITA1UN B1 liYDROCIU..ORIDE) 

DY A CmCirnN PROPHYLACTIC 1\iETHOD) 

Report of 0. A. Elvehjern (Madison, Wis.). 

The antineuritic potencies 

Figure 2. 

P = Polyneuritis. 
Group 719: 50 J,tg. crystalline vitamin 

per 100 g. of Ration 242A. 
Group 720 : 60 11g. crystaUine vitamin 

per 100 g. of Ration 242A. 
Group 721 : 70 J,tg. crystalline vitamin 

per 100 g. of Ration 242A. 
Group 723 : 175 mg. Standard adsorp

tion product per 100 g. of Ration 242A. 
G~up 724 : 200 mg. Standard adso • 

t1on product per 100 g. of Ration 24iX.. 
Gr~up 725 : 225 mg. Standard adsorp

tion product per 100 g. of Ration 242A. 

of the preparations were compared 
by the chicken prophylactic 
assay method. The basal ration 
(Ration 242A) has been described 
elsewhere.t 

The results are shown in 
Figure 2. Two o.E a group of 
four chicks, fed 50 (J.g. of the 
synthetic vitamin-B1 sample per 
100 g. of ration (Group 719), died 
after exhibiting the polyneuritic 
syndrome in 14-17 <lays. All 
the chicks fed 60 (J.g. o.E vita
min B1 per 100 g. of ration (Group 
720) were protected from poly
neuritis during the 5 weeks 
experimental period. Somewhat 
better growth resulted when the 
level of vitamin B1 was increased 
to 70 (Lg. per 100 g. of ration 
(Groupe 721). 

Since several previous trials 
have shown that chicks fed on 

1 Jl. Assoc. Of/. Agric. Oltem., 1935, 
18, 353. 
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Ration 242.A were protected from polyneuritis when the ration 
was supplemented with 200 mg. (20 I.U.) of the adsorbate stan
dard per 100 g., this was fed at this level. .A sample of the adsorbate 
standard was also fed at 175 mg. and 225 mg. per 100 g. of ration 
as confh·matory checks. .All the chicks fed 200 mg. (20 I.U.) of 
the adsorbate standard per 100 g. ration (Group 724) were protected 
from polyneuritis during the experimental period. One of a group 
of four chicks fed 175 mg. (17.5 I.U.) of the adsorbate per 100 g. 
of ration (Group 723) died after showing polyneuritis. The growth 
of the remaining chicks in this group was not good. Chicks fed 
225 mg. (22.5 I.U.) of the adsorbate standard per 100 g. of ration 
(Group 725) were protected from polyneuritis during the experi-
mental period. ' 

The results obtained with the adsorbate standard and the 
synthetic vitamin B1 are in accord with previous results obtained 
by the chick assay method. 

These results show that 10 mg. of tlte adsorbate standard of 
vitamin B1 ( 1 I. U.) is approximately equivalent to 3 fl.Y· of tlte 
synthetic standard. 

7. COMPARISON :BETWEEN THE ORIGINAL INTERNATIONAL 

STANDARD OF VITAli!Lt.~ B1 (STANDARD .ADSORPTION PRODUCT) 

AND THE NEW STANDARD (VITAMIN B1 RYDROom:.ORIDE) 

:BY THE 0ATATORULIN METHOD 

Report of H. W. Kinnersley and R . .A. Peters (Oxford). 

The crystalline standard of vitamin B1 was compared by the 
catatorulin method 'vith a baryta extract I of the adsorbate stan
dard, made as previously described.2 

1 Attention is dra.wn to the work of SAliiPSON and IU:RESZTESY (Proc. Soo. 
Exp. Bio!. Meil., 1937, 36, 30), who found that baryta. extracts only about half of 
the vitamin B1 from the acid clay. (See also page 402 of this volume.) The previous 
finding of K:iNNERSLEY and PETERS (Biockem. Jl., 1936, 30, 98~) that bar~ 
extracts of the standard acid clay adsorbate give tho same curat1ve response Jn 

pigeons as the clay itself may be explained also by the conclusion of SAMPSON and 
KERESZTESY that only 50% of the vitamin present on the clay is available to a 
severely depleted animal. 

2 K:iNNERSLEY and PETERS : Biockem. .n., 1936, 30, 985. 
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Table XXVIIT gives the results of the comparison. 

Table XXVIII. 

Co'Mt'ARISON BETWEEN THE POTENCY OF THE STANDARD ADSORPTION PRODUCT 

OF VITAMIN "B
1 

AND THE CRYSTALLINE STANDARD BY THE CATATORULlN l\IETHOD 

(H. W. lUNNERSLEY AND R. A. PETERS) "Estimated 
value'' 

IL!:· 

Experiment 1355. 10 mg. adsorbate standard less than 3.1 1-'g. crystals· • • • 
1356. 10 , , , much less than 3.9 1-'g. crystals 

2.5 
1.95 
2.3 
1.95 

1357. 10 .. .. .. .. 3.6 1-'g. .. 
1363. 10 , equivalent to 1.95 1-'g. crystals 

----
Avemge ....••.•.•.•.•• 2.2 

The " estimated value " was obtained by use of a comparison 
curve. 

In previous experiments with this method, 10 mg. of the adsol"bate 
standard was found equivalent to 2 p.g. of natural crystalline vitamin B 1 

from yeast. 

8. CoMPARISON BETWEEN THE ORIGINAL INTERNATIONAL 

STANDARD OF VITAMIN B 1 (STANDARD .ADSORPTION PRODUCT) 

AND THE NEW STANDARD (VITAMIN B 1 HYDROCHLORIDE) 

BY THE THIOCHROME FLUORIMETRIC METHOD 1 

.A. Reporl of H. von Euler, H. H eiwinlccl and H. W illstacdt (Stockholm). · 

(a) To a weighed amount of the adsorbate standard, 3 ml. of 
a 10% solution of NaOH and 0.1 ml. of a 10% solution of potassium 
ferricyanide were added. .After shaking for 10 minutes, the thio
chrome formed was extracted with 15 ml. of isobutyl alcohol. 
Samples of this extract were diluted with known amounts of 
isobutyl alcohol until the fluorescence of the solution in ultra-violet 
light matched that of a similar solution prepared from a weighed 
amount of the crystalline vitamin. The matching was made by eye. · 

Four experiments of comparison were carried out, and the 
amounts of the crystalline vitamin found equivalent to 10 mg. of 
the adsorbate (1 I.U.) were 3.0 p.g., 2.7 p.g., 3.4 p.g., and 4.6 p.g., 
respectively. In the last experiment, the amount of adsorbate 

1 JANSEN : Rec. Trav. Ohim., 1936, 66, 1046. 
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employed was probably too small, and therefore the result waa 
disregarded. Taking the average of the remaining experiments, 
10 mg. of the adsorbate standard was equivalent to 3.0 (Lg. of the 
crystalline specimen. 

(b) Further experiments were carried out using modified 
methods described by KARRER and Ku:eLI t and WESTENBRINK and 
GounsmT.2 In these experiments, the solutions were compared 
photometrically. With the method of KARRER and Ku:eLr, 10 mg. 
of the adsorbate in 2 experiments was found equivalent to 2,06 
and 2.6 (Lg. respectively of the crystalline vitamin. In the experi
ment with the method of WESTENBRINK and GOUDSMIT1 10 mg. of 
the adsorbate was equivalent to 2.6 (Lg. of the crystals. The 
average result for these 3 determinations was therefore that 10 mg. 
adsorbate was equivalent to 2.4 (Lg. of the crystalline vitamin. 

By taking the average of the different estimations described in 
(a) and (b) above, 10 mg. of adsorbate standard was found equivalent 
to 2. 7 (Lg. of the crystalline standard. 

B. Rep01·t of Messrs. F. Hoffmann-La Roche (Basle). 

The comparison was made by the method of JANSEN 3 as modified 
by KARRER and Ku:eLI. 2 Four estimations were carried out, and 
in these experiments 1 mg. of the crystalline standard was found 
equivalent to 4,100 mg., 3,800 mg., 3,800 mg. and 4,000 mg. 
respectively, of the adsorbate standard, the average value being 
3

1
900 mg. Tl1e amount of the adsorbate standard (10 mg.) represent

ing 1 intemational unit was therefore equivalent to 2.56 (Lg. of the 
crystalline vitamin. 

C. Report of B. 0. P. Jansen (Amsterdam). 

The method of comparison employed was that described by the 
author. 3 Many experiments were carried out, of which the following 
are examples. (See Table XXIX.) 

ll'rom thefollowingresults,itis apparent that 20rng. of the adsorbate 
is equivalent to 5 (Lg. of the crystals, and thus 10 mg. of the adsorbate 
standard ( 1 I. U.) is equivalent to 2.5 (Lg. of tl1e crystalline vitamin. 

1 Helv. Ohim. Acta, 1937, 20, 369. 
2 Rec. Trav. Ohim. Pays-Bas, 1937, 56, 803. 
3 1 bid., 1936, 55, 1046. 
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Table XXIX. 
Coli!PARISON OF THE STANDARD .ADSORPTION PRODUCT OF VITAAIIN Bl 

AND THE CRYSTALLINE STANDARD BY THE TniOCHROME FLUORWETRIC .i\IETHOD 

(B C P J\liSEN) . 
5 1111· o! the synthetic vitamin 20 mg. o! the adsorbate standard 

Galvanometer deileclion, Galvanometer dciiection, 
mm. mm. 

Amount o! Amount. or 
2nd 3rd 2nd 3rd 0.1 %K,Fe(CN), 1st 0.1 % I<,Fe( CN ), lst 

cslim· cslim- eslim-added, mi. eslim- eslim- est.im- added, mi. 
a lion ation otion ution a lion a lion 

0.1 29 35 30 0.05 31 32 35 
0.2 32 36 32 0.10 33 35 32 
0.4 33 36 32 0.15 31 37 34 
0.7 34 37 30 0.20 31 36 32 
1.0 33 35 30 0.30 31 33 29 

Quinine: Quinine: 

I 
0.3 mg. 75 76 71 

I 
0.3 mg. 75 76 71 

in 100 mi. in 100 mi. 

9. COMPARISON BETWEEN THE ORIGINAL INTERNATIONAL 

STANDABD OF VITAMIN B 1 (STANDARD ADSORPTION PRODUCT) 

AND THE NEW STANDABD (VITAMIN B 1 HYDROCHLORIDE) 

BY THE COLORIMETRIC !iETHOD OF KINNERSLEY AND PETERS 1 

Report of H. von Euler (Stockholm). 

The modified method of WILLSTAEDT and BARANY was employed. 2 

Elution of the vitamin B1 from the adsorbate standard waa carried 
out either by treatment with 1% sodium carbonate solution or 
with warm aqueous pyridine solution.a These methods of elution 
gave similar results. The colour which resulted when these eluates 
were treated with 2 : 4-dichlorobenzene diazonium chloride waa 
photometrically compared with the colour given with weighed 
amounts of the crystalline vitamin. 

The amounts of crystalline vitamin found equivalent to 10 mg. 
of absorbate in 5 experiments using sodium carbonate for the elution 
were 2.6 !J.g., 2.6 !J.g., 2.2 IJ.g., 2.7 !J.g., and 3.0 IJ.g. respectively. 
The corresponding values using pyridine for the elution in 2 experi
ments were 3.0 IJ.g. and 2.0 !J.g. respectively. 

The average amount of crystalline vitamin founil equivalent to 
10 mg. of the adsorbate standard by this colorimetric methoil was 2.6 llg. 

1 Biochem. JZ., 1934, 28, 667. 
2 Enzymologia, 1938, 2, 316. 

3 See LoHMANN and SCHUSTER: Biocltem, Z., 1937, 294, 188. 
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APPENDIX I 

THE ACCURACY OF THE RESULTS OBTAINED 
IN THE COMPARISON BETWEEN 

THE ORIGINAL INTERNATIONAL STANDARD 

417 

OF VITAMIN B1 (STANDARD ADSORPTION PRODUCT) AND 
THE NEW. STANDARD (VIT.Al\IIN B1 HYDROCHLORIDE) 1 

Report of K. H. Oowa1·d and E. A. G. Skrimpton. 

A short account only of the methods used in calculating the 
results and the accuracy obtained in these comparisons is given 
here. A fuller account will be published later elsewhere. 

(a) CALCULATION OF TBE WEIGHT OF CRYSTALLINE B 1 

EQUIVALENT TO 10 JIIG, 

OF THE ADSORBATE STANDARD (1 I.U.) OF VITAJIIIN B1 

For each test, two curves relating response to the logarithm 
(to the base 10) of the dose given were constructed for adsorbate stan
dard and crystalline B1 respectively, whenever possible. When the 
curve of the response was not a linear function o~ the log. of the dose, 
a suitable transformation of the response was used. For the rat 
convulsions method, the log. of the response was a linear function 
of the log. dose. 

The average slope of the two lines, relating response (or its trans
formed value) y to :v (the log. of the dose) was determined. The 
mean responses y1 and y2 for animals given the standard and test 
preparations respectively, and the mean log. doses x1, x2 given to 
these animals were calculated, weighted in each case by the number 
of animals used on each dose. Two parallel lines were drawn passing 
through the points m1, y1 and x2, y2 respectively, having the average 
slope b. The horizontal distance between these two lines is the log. 

1 See also Report of the Sub-Committee on the Accuracy of Biological Assays, 
British Pharmacopceia Commission. General Medical Council, 1936. 
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of the ratio of the potencies of the crystalline B, and the adsorption 

standard. 
From this ratio, the weight of crystalline B, (expressed in (J.g, 

or micrograms) equivalent to 10 mg. (1 I.U.) of the adsorbate 
standard of vitamin B1 was calculated from the data supplied by 
individual workers. This resulting equivalent is given for each 
worker separately, grouped according to the method of assay in 
Tables XXX to x.xxm. 

(b) CALCULATION OF THE .ACCURACY OF EACH RESULT 

If M is the log. of the equivalent weight, and ay2 the error 
variance of M, then 

a2 { 1 1) abz 
ay2 = - - + - + - IY1 :._ Yzl2 

bz n1 ?l.z b4 

In this expression, a2 is the variance of response of individual 
animals given the same dose and n1 and n2 are the total numbers of 
animals used for testing the old and new standards respectively. 
The second half of the expression involves a b2, the error variance of 
the slope. If the slope were known exactly or the mean responses 
y1 and y2 were equal, this factor would vanish. 

The percentage limits of error of the results, the equivalent 
weights, are given by 

and 

100 antilog. + 2.576 ay and 100 antilog. - 2.576 aM for the 
upper and lower limits corresponding to odds of 1 in 100 

100 antilog. + 1.96 ay and 100 antilog. - 1.96 aM for the 
upper and lower limits corresponding to odds of 1 in 20. 

Suppose the limits of error of the result corresponding to odds of 
1 in 100 are 67-150%, then the observed result the equivalent 
weight, will, in the iong run of similar experience, ~9 times in every 
100 lie within 67-150% of the true value. The limits of error corre
sp?nding toP= 0.99 and P = 0.95-namely, to odds ofl in100 and 
1 m 20 respectively-aregiven in Tables XXX to :x:xxm for each 
calculated equivalent. 
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(c) THE COJ}ffiiN.ATION OF THE RESULTS 

The separate equivalents may be combined by weighting the log. 
of the equivalent inversely to its accuracy. Thus if 

1\I = log. equivalent weight 
a:ru:2 = error variance of M 

w = __!__ 
O:ru:2 

then Mw, the weighted mean of M, will be 
:E (WM) th t' t d' :E (W) e summa ton ex en mg over all the results com-

bined, and the mean equivalent will be the antilog. of 
this. 

The error of Mw is given by :E[W (M-M\v)
2
J, where r is the 

(r-1) :E (W) 
number of results combined, and is the overall estimate of error 
including any significant differences between individual results, if 
such exist. The mean equivalent weight and the corresponding 
limits of error are given in Table XXXIV for each method of assay 
separately and for all four methods combined. 

(d) ESTIMATE OF EQUIVALENT WEIGHT 

FROM ALL THE MATERIAL EXAMINED 

Table XXXIV shows that the mean value of the weight of crys
talline B1 equivalent to '1 I.U. of adsorption standard (10 mg.) is 
3.056 (J.g. In the long run of similar experience, this result lies, 
99 times in every 100, within 93-108% of the true result. It may be 
noted that the value 3, which has been adopted for the new unit 
of activity, lies well within the limits of accuracy of this estimate. 

The limits of error in Table XXXIV were, of course, determined 
partly by the numbers of animals used in the tests and, since these 
were different in the different tests, these limits of error are not an 
indication of the comparative accuracy obtainable by the different 
methods. Further calculations were therefore made assuming that 
each worker had used only 10 animals for the adsorption standard and 
10 for the crystalline B1• (Table XXXV.) The limits of error of 
each method are thereby made comparable, but, as every worker 
realises, the limits of error obtained in a test are themselves subject 
to variation, and a single experiment is not necessarily a reliable 
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indication of the average variation obtainable by a particular method. 
It is hoped to publish an analysis of these results and a comparison 
of the accuracy obtainable in the different methods in a later paper: 

Observer 

Ohdake ........... 
Fridericia. ......... 
I. G. Farbenind. • •• 
Munsell ........... 
Elvehjem ......... 
.M:acra.e ........... 
von Euler ......... 
Harris ............ 
Coward ........... 
Harris ............ 

Table XXX,l 

INCREASE IN WEIGHT OF RATS 

Result Number or rats 

Length Weight or 
of test, B,;::J I.U. Adsorbate B, adsorbate standard 
weeks standard 

5 1.77 11 16 
5 2.50 5 11 
5 3.36 25 26 
5 3.69 17 50 
5 2.69 3 9 
4 2.96 9 22 
4 3.16 15 20 
3 3.20 18 18 
3 3.90 14 12 
2" 3.51 18 18 

Limits or error 

P=0.99 P=0.95 

% % 

77-130 81-123 
76-132 81-124 
82-121 86-116 
85-117 83-113 
66-151 73-137 
86-116 89-i12 
95-106 96-104 
83-121 86-116 
77-129 82-122 
81-123 85-118 

' In th1s table and m Tables XXXI, XXXIII and XXXV, only the name or one investi
gator from each laboratory Is given. The names or the other collaborators nrc given in the Individual reports. 

Weight of crystalline B1 equivalent to 10 mg. of adsorption standard 
(1 I.U.) is 3.15 p.g. 

Table XXXI. 

CuBE OF CoNVULSIONS IN RATS 

Result Number or rats Limits or error 
Observer Weight or 

B,;:: 1 I.U. Adsorbate 
B, p = 0.99 p = 0.95 adsorbate standard 

standard 
% % 

Merck (Darmstadt) 1,88 "15 15 70-144 76-132 
Nelson ................ 2,84 19 38 76-132 81-124 
Williams and Sampson .. 2,83 50 62 85-117 88-113 Harris ················· 2,72 25 24 76-131 81-124 
Gnerrant .............. 2,48 27 92 84-119 87-114 Mattei ················· 3,40 12 12 86-117 89-113 

Weight of crystalline B 1 equivalent to 10 mg. of the adsorbate 
standard {1 I.U.) is 2.82 p.g. 



NEW STANDARD OF VITAllflN B1 

:!:'able xxm. 
BRADYCARDIA IN RATS 

Result Number of rats 

Observer Weight or 
B,:= 1 I.U. Adsorbate B, adsorbate standard 

standard 

Williams and Sampson , . 1.58 12 29 
Harris ................. 2.44 47 46 
Hoffmann-La Roche .... 2.75 131 63 
I. G. Farbenind. (a) .... 3.93 65 44 

'.(b) .... 3.60 65 55 
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Limit.s or error 

p- 0.99 p = 0.95 

% % 

4-2,383 9-1,173 
78-128 83-121 
79-127 83-120 
51-198 59-170 
51-196 59-168 

W eigl!t of crystalline vitamin B1 equivalent to 10 mg. of tl!e adsorbate 
standard (11. U.) is 2.70 (Lg. 

Table XXXIII. 

PERCENTAGE CURE OF RETRACTED NECK IN PIGEONS 

Result Number or pigeons Limits or error 

Observer Weight or 
B,:= 1 I.U. Adsorbate B, p = 0.99 p = 0.95 adsorbate standard 
standard % % 

Ohdal;e •.•....••.••••.• 3.39 8 18 10-1,007 17-601 
Coward ................ 3.33 15 30 14-706 22-456 

W eigl!t of crystalline vitamin B1 equivalent to 10 mg. of tl1e adsorbate 
standard (1 I. U.) is 3.36 (Lg. 

Tablo XXXIV. 

RESULTS ACCORDING TO METHOD OF AsSAY 

Mean result Limits or error 
Number 

Method or Weight in It!!· of 
results B,:=1 I.U. p = 0.99 p- 0.95 

adsorbate standard % % 

Increase in weight of rats 10 3.151 90-111 92-108 
Cure of convulsions in rats 6 2.824 84-119 88-114 
Bmdycardia ............ 5 2.700 84-119 88-114 
Cure of retracted neck in 

pigeons .............. 2 3.355 18-825 20-498 

All methods combined ••. 23 3.056 93-108 I 94-106 
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Table XXXV. 
THE ACCURACY OF THESE llfETHODS OALOULATED FOR AN EXPERiliiENT 

IN WHICH 10 ANiliiALs WERE GIVEN THE ADSORBATE STANDARD 
AND 10 ANili!ALS THE CRYSTALLINE B" FOR Co)lPARISON WITH FIGURES 

ALREADY PUBLISHED (see footnote, page 417) 

.I 
Length Limits ol error 

Method Observer ol test, p 0.99 p = 0.95 weeks % % 

i 
Ohdake •••••••.•.••••••. 5 74-135 79-126 
Fridericia. ............... 5 80-126 84-120 
I. G. Fa.rbenindustrie •••. 5 7~135 79-126 
1\lunsell .•.•.....•.••..•. 5 79-127 83-121 

Increase in weight Elvehjem •••••.•.••••••• 5 71-140 77-130 
of ra.ts 1\facra.e ................. 4 85-118 88-ll4 

von Euler ·············· 4 93-107 95-106 
Ha.rris ················· 3 78-129 82-122 
Cowa.rd ................. 3 75-133 80-125 

' Ha.rris .................. 2 76-132 81-124 

1\ferck .................. 65-155 71-141 

Cure of convulsions 
Nelson ················· 65-153 72-140 
Willia.ms a.nd Sa.mpson ••• 71-140 77-130 in ra.ts Ha.rris .................. 66-151 73-138 
Guerra.nt ··············· 70-142 76-132 
11-Io.ttei ················· 84-118 88-114 -I 

\ 
Willio.ms a.nd Sampson •.• 3-3,149 7-1,456 

Bradycardia. 
Harris .................. 59-169 67-150 

) 
Hoffma.nn·La. Roche ••••• 50-200 58-171 
I. G. Fo.rbenindustrie (a) •. 24--423 33-306 

I 
(b) .. 22-454 31-324 

Cure of retracted { Ohda.ke •• , ........ , •.•.• 10-1,018 17-606 neck in pigeon Cowa.rd ················· 12-848 19-526 
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APPENDL'<: ll 

ALTERATIONS AND ADDITIONS TO THE 1\IEJ\IORANDUM 
ON THE NEW STANDARD (VIT.AML.~ B1 HYDROCHLORIDE) 

ISSUED WITH THE STANDARD 

In the memorandum 1 which has been issued with the present 
international vitamin B1 standard, it is stated that the standard 
contains approximately 1· molecule of water of crystallisation. 
Shortly after publication of this memorandum, BASTEDo, TRENNER 
and WEBB 2 carried out a comprehensive study of the hydration of 
vitamin B1 hydrochloride, and from their work it was apparent that 
the standard could not have retained 1 molecule of water of crystal
lisation during the drying procedure to which it was subjected, and 
indeed must be anhydrous vitamin B1 hydrochloride. This has been 
verified by analysis of the standard in the laboratories of Roche 
Products Ltd., and of the Lister Institute. Alterations to the 
memorandum are accordingly necessary, in order t~ describe the 
standard preparation correctly and fully. The absorption spectrum 
of the standard preparation has recently been investigated and added 
as an additional criterion of purity ; the relevant data are set forth 
at the end of this appendix. 

The following changes are therefore made in the memorandum : 
Page 884. -Description of the Standard. 

The paragraph beginning: "The preparation contains ... " 
has been deleted and the following substituted: "The prepa
ration contains no water of crystallisation and is stable when 
protected from access of moisture ". 

Page 886. -Suggestions regarding the Use of the Standard 
P1·eparation. 

3. Precautions to be taken in the preparation of solutions : 
The first two sentences : " The pure vitamin B1 hydrochlo

ride. .if exposed to ordinary moist air" have been deleted 
and the following sentence substituted : " The pure vitamin B, 
hydrochloride gains weight if exposed to ordinary moist air". 

1 Bull. lleal!l~ Org., 1938, 7, 882-886. 
2 J . .timer. 0/r,em. Soc. 1938, GO, 2303. 
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Criteria of P1trity (page 884). 
Immediately after the description of the picrolonate, the 

following has been inserted : 
Absorption Spect1'um.l -Measurements were made on a 

solution of the standard in aqueous alcohol (approximately 
50%) of density 0.9351 at 2ooc. which contained N/100 HCl. 
The solution employed was made up by weight and contained 
0.00735 g. of standard per 100 g. solution. The absorption 
measurements were made with a Hilger E 316 spectrograph and 
Spekker photometer with alternatively spark between tungsten 
steel electrodes and hydrogen tube as light sources. The plates 
were matched with a photo-electric split beam micro-photometer. 
Observations were made to test whether the vitamin was stable 
under the conditions of irradiation likely to be used in absorption 
measurements. No change of the absorption was detected after 
%-hour exposure to the light of a 15.000 volt condensed spark. 
Concentrations have been converted to a volume basis and the 
results are expressed as Extinction Coefficients (K) for each 

wave-length recorded. K is defined as equal to {a log. ¥• where c 

is the concentration of the vitamin in g. per litre and d is the 
length of the absorbing layer in em. Io is the intensity of 
the incident light at the stated wave-lengths and I that of the 
transmitted light at the same wave-length. 

The values of K given in the following table are the means 
of seven measurements and have a standard error of 0.282. 

Extinction Ooefft'ct'enta of the Standard in AqueoU8 Alcohol 

(Den&ity 0.9351 at 2000.) CIJnlaining 1~0 HOI. 

1 K 1 K 1 K 
2300A 23.65 25251.. 39.56 2750A 20.69 
2325 27.03 2550 38.57 2775 17.46 
2350 28.15 2575 37.45 2800 13.52 
2375 35.47 2600 36.04 2825 9.85 
2400 39.41 2625 34.91 2850 6.62 
2425 42.09 2650 33.22 2875 4.65 
2450 43.36 2675 30.97 2900 3.52 
2475 42.52 2700 27.87 2925 2.96 
2500 40.83 2725 24.36 

1 Determined by E. R. HoUDAY, London, 
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A Summary of Experiments organised for the 
Accessory Food Factors Committee (Lister Institute 

and Medical Research Council) 

Edited by K. H. COWARD 

(Pharmaceutical Society, London), 
Secretary of the Vitamin D Sub-Committee. 

Prior to September 19391 it was intended to hold the third meeting 
of the International Vitamin Standardisation Conference before 
the end of the year. This plan had to be abandoned, owing to the 
outbreak of war, but much experimental work was organised in 
Great Britain in preparation for the Conference, and there seems no 
reason to delay the publication of such results as are already complete. 

One item of the agenda for the proposed Conference would have 
been a discussion of the desirability of retaining vitamin D2 from 
irradiated ergosterol as international standard for vitamin D, or of 
substituting for it vitamin D3 from irradiated 7-dehydrocholesterol . 
.At the Conference of 1934, much time was spent in considering the 
difficult and anomalous position created by the discovery that the 
relative antirachitic potency of vitamin D as cod liver oil and as 
irradiated ergosterol was not the same for rats and fowls. .At that 
time, no completely satisfactory solution of the difficulty could be 
reached, owing to the insufficiency of the existing knowledge. Since 
that time, much progress has been made, and the situation is certainly 
ripe to be reviewed again. In preparation, therefore, for such a 
review, the .Accessory Food Factors Committee desired that British 
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workers should make certain relevant experiments. They were 
fortunate in having the necessary material placed at their disposal 
through two generous gifts to Sir Henry DALE, one of vitamin D3 

from the I. G. Farbenindustrie A.G., Wuppertal-Elberfeld, through 
Professor HoRLEIN, and one of vitamin D2 from the Glaxo Labo
ratories. 

It has long been known that cod liver oil and irradiated ergosterol 
have not the same relative vitamin D potency for rats and fowls. A 
standardised solution of irradiated ergosterol was adopted as inter
national standard for vitamin D at the first International Conference 
in 1931.1 At the second Conference in 19341

2 the above discrepancy 
was fully realised, but no change could be made, although it was 
pointed out that, if comparative tests were made against the inter
national standard to determine vitamin D potency with any species 
other than the rat, the result could not safely be expressed in inter
national units. Obviously, it would be more satisfactory to have as 
standard some material possessing maximum antirachitic activity 
for all species, if such could be found and was not subject to other 
drawbacks of any kind. 

In 1935, vitamin D3 was obtained by the irradiation of 7 -dehydro
cholesterol (WINDA.us, LETT&E and SCHENCK, 1935) and was shown 
to be identical with the vitamin D of tunny liver oil (BROCJOIIA!'IN, 
1936; BROCKMA.NN and BussE, 1937, 1938) and halibut liver oil 
(BR<iCJOII.ANN, 1937). ll was also reported to have the same anti
rachitic potency for rats- 40,000 I.U. per mg. -as calciferol 
(SCHENCK, 1937). Vitamin D3 could thus be obtained as a stable 
crystalline substance with well-defined physical constants and 
fulfilled the requirement of having maximum antirachitic activity 
for both rats and fowls. 

Should it be thought desirable to change the international 
standard for vitamin D from vitamin D2 to vitamin D

3
, it would be 

necessary to ascertain the exact value of crystalline vitamin D
3 

in 
international units per mg. As stated above, this value has already 
been reported as 40,000 I. U. per mg., but, before this value could be 

1 
See Report of the Conference on Vitamin Standards, London, 1931 (docu

ment C.H.I055(1)). 
2 

See Report of the Second Conference on Vitamin Standnrde, BuU. Heolth 
Org., 1934, 3, 428. 
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adopted officially, it would be necessary to have confirmation from 
as many independent laboratories as possible. For that reason the 
Vitamin D Sub-Committee organised the experiments which ar~ the 
subject of this communication and obtained the collaboration of 
workers in nine separate laboratories in Great Britain. The tests 
on rats were carried out by the following experts : 

A. L. BACIL\RAOH, Glaxo Laboratories Ltd., Greenford, Jlfiddlesex ; 
R. G. BoOTH, British Cod Liver Oil Producers, Hull ; 
W. A. Baoolr, Boots Pure Drug Co., Nottingham ; 
K. H. CoWARD and E. W. KAssNER, Pharmaceutical Society, London; 
S. K. KoN and K. JII. HENRY, National Institute for Rcseareh in Dairying, 

Shinfield, Reading ; 
S. W. F. UNDERHILL, The British Drug Houses Ltd., London ; 
T. A. WEBSTER, National Institute for JIIedical Research, London ; 
H. WILKINSON, Lever Bros. and Unilever Ltd., Port Sunlight, Cheshire ; 
S. S. ZILVA, A. E. IU:LLIE and G. A. SNOW, Lister Institute, London. 

Tho other problem connected with a possible change of interna
tional standard from vitamin D2 to vitamin D3, which it was thought 
ought to be studied, was that of the relative antirachitic potency 
of the two vitamins for the human species. The difference in potency 
for the rat and the fowl is great and easily demonstrated, but for the 
rat and the human being it is small or non-existent. .A very large 
number of attempta, far too many to summarise here, have been 
made to ascertain whether the two vitamins from various sources 
have the same relative potency to heal rickets in infants as they have 
to heal rickets in rats, but none of them has succeeded in giving an 
absolutely definite answer. To provide convincing proof, it is 
necessary to ascertain the minimum dose of each vitamin which will 
produced the same response in the same conditions, but, obviously, 
the variability of the human material available makes the establish
ment of identical conditions impossible. The error in the result is 
therefore bound to be very great and may well exceed the 100% or 
200% which represents the maximum difference in relative potency 
which it is thought may exist between these two forms of the 
vitamin. 

With a generous supply of the two vitamins available for experi
ment, it seemed worth while, in spite of the difficulties outlined 
above, to make a further attempt to compare their action on human 
subjects. Clinical trials were therefore inaugurated to test the 
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relative action of vitamins D2 and D3 on children with rickets, on 
adult and adolescent human beings with osteomalacia and late 
rickets, and on a case with parathyroid tetany. The tests on infants 
with rickets were made in Glasgow by MORRIS and STEPHENSON 
(1939). The tests on cases of osteomalacia and late rickets were made 
by D. C. WILSON (1940) in the Kangra Valley in India, from which 
region she has already reported studies of this disease (1930-1931) ; 
the test with a case of parathyroid tetany was made at University 
College Hospital, London, by H. P. HrM:swoRTR andM.MArzELS (1940). 
These three clinical studies agree in their failure to detect any 
difference in the relative potency of the two vitamins. Owing to 
the difficulties inherent in the study of human material, the 
workers were unable to fulfil completely the requirements stated 
above aa indispensable for securing a definite answer, but Dr. WILSON 
was successful in administering a dose of both vitamins which 
produced improvement so slow that the patients refused to continue 
treatment unless the dose could be increased. When this dose was 
doubled, healing with both vitamins waa accelerated. The principle 
of establishing the minimum dose may therefore in this case be said 
to have been, at least to some extent, fulfilled, and yet no difference 
in potency of the two vitamins waa detected. From these clinical 
researches, it would appear that the probability is still further 
heightened that the relative potency of vitamins D2 and D

3 
is the 

same for human beings as for rats. 

Ea;perimental. 

Chemical and Physical Constants of the P1·eparations. 

VitaminDa, calciferol: Data supplied by A. L. BACHARACH, Glaxo 
Laboratories Ltd. : 

Batch 239 A. Lab. Ref . .ARS/515. 

Appearance : white ; small crystals. 
Melting-point : 116o to nso C. 

[a] :~6.1 (4% wfv solution in ethanol) = + 124.4o. 

1o/, 
E 1 :m. 265 m(J. (0.04% wfv solution in ethanol) = 465. 
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Vitamin D3 : Data supplied by R. K. CALLOW National Institute 
for Medical Research, London. ' 

Melting-point : 78° to 82°0. (Block, short stem, evacuated 
capillary). 

[ IX] 25 
546.1 + 125o. 

[IX] ~ + 105° (C = 1% in ethanol). 

E 1% 
1 c;. 266 m(L (0.0025% in alcohol) = 424. 

tmax. = 1.06. 

Biological Activity.- The biological activity of the specimen of 
vitamin D2 had previously been determined (in a test for which the 
limits of error were 79.5% to 125.5% for P = 0.99 and 84% to 119% 
for P = 0.95), and was found to be 41.4 x 106 I.U. per g. 

The Biological Comparison carried out on Rats. 

The solutions of vitamin D2 and D3 were prepared by T . .A. 
WEBSTER (National Institute for Medical Research, London) and 
were made of the same strength- viz., 0.0025% in olive oil wfv . 
.Assuming that the crystalline vitamin D2 contained 40,000,000 I.U. 
vitamin D potency per g., a solution of the above strength would 
contain 1 I.U. per mg . .About 5 g. of each solution and 50 g. of the 
olive oil used for their preparation were sent to each of the nine 
participants in the test. Workers were asked to make their compa
risons by the technique in general use in their laboratories, so that 
the methods used might vary. The relevant details of the methods 
employed, together with the results obtained, are summarised in 
Table I on the following page. 



Table I. 

Dose J.<ll• Total I 
RoUo ol 

Observer MeU1od Die~ Co: P roUo number potencY 
No. or die~ or ro~ used VItamin D,: 

Vitamin D, Vitamin D, 
I 

VItamin D, 

Daily Dally 
(a) 72 (a) 0.954" (a) 0.03 (a) 0.03 

BACHARACH ••••••••• Line test (curative) 1 about 8 : 1 0.05 0.05 
(b) 0.01125 (b) 0.01125 (b) 147 (b) 0.985 

0.01875 0.01875 

Dally Dally 
(a) 32 (a) 1.132 (a) 0.0125 (a) 8:84~5 Line test with camera 4 : 1 0.025 

BooTtr •••.•.••••.••. Iucida drawings for 2 up to Single dose s:~r~~- r;~· measurement (curative) 4.25 : 1 (b) 0.125 (b) 32 (b) 1.350 
0.25 0.25 

CombinaUon or X-ray 3 4.5: 1 
Dally Daily 

133 0.953 BROOM ••••••••••••• 0.0125 0.0125 
and line test (curative) 0.0375 0.0375 

CoWARD and I<ASSNER Line test (curative) 4 4 : 1 
Single dose 
• 0.25 

Single dose 
0.25 40 0.931 . . --

Dally 
0.000625 

Daily 
0.000625 

COWARD and KASSNER Ash content (prophylactic) 4 4 : 1 0.00125 0.00125 36 1.223 
0.0025 0.0025 

Dally Daily 
KoN and HENRY ••. Ash content (prophylocLic) 5 4 : I 0.0025 0.0025 60 1.003 

0.005 0.005 

Dally 
Daily 

0.015 
UNDBRliiLL ••••••••• Line test (curative) 4 4: 1 0.02 0.02 75 Slightly less 

0.03 than 1.0" 
0.04 
0.05 

Daily 
0.025 

Daily 
0.025 

WEBSTER .......... X-ray (curative) 6 8.8 : 1 0.05 0.05 192 0.932 
0.1 0.1 

Line test with camera Dally Daily 
WILKINSON ••••••••• Iucido drawings for 7 4: 1 0.00625 0.00625 18 1.025 

measurement (curative) 0.0125 0.0125 

ZtLVA, KELI.IE 0 0 •••• Ash content A /R ratio 
Daily Daily 

0.00025 0.00025 
and SNow ........ (prophylactic) 8 4: 1 0.00125 0.00125 60 1.0 approx.• 

0.0025 0.0025 

'Veighted mean, omitting the three results marked• : 1.000. 
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Rachitogenic Die!8 used. 

1. White flour •..•...•.•••• 
Egg albumin .......... .. 
Calcium lactate •••••..••• 
Sodium chloride ....•..•• 
Ferric citrate •••••••....• 
with 2.3 g. fresh spinach 

leaves per animal per day. 

% 
85 
10 
2.8 
2 
0.2 

2. Ground yellow maize . . . • • 72 
Wheat gluten .. .. .. .. .. • 18.5 
Whale meat meal • • • • . . • • 5 
Calcium carbonate • • • . • . . 3.5 
Sodium chloride • • • . . . . . . 1 

3. White flour .. .. .. .. .. .. . 36 
Flaked yellow maize . . . . . 35 
Wheat gluten • • • . . . . • • . • 20 
Meat meal {fat extracted) • 5 
Salt mixture............. 4 

% 
Calcium carbonate • , • 75.0 
Sodium chloride ••• , , 15.0 
Magnesium sulphate • 7.5 
Ferric citrate .•••• , . • 2.4 
Potassium iodide • • . • 0.06 

4. Ground yellow maize . . • . • 76 
Wheat gluten • • • • • . . . . • . 20 
Calcium carbonate • . . . • . • 3 
Sodium chloride 

5. Ground yellow maize ....• 
Wheat gluten .......... . 
Calcium carbonate .•.•••. 
Sodium chloride .••• , ..•. 

% 
76 
20 
3.35 
1 

6. White flour .. .. .. .. .. .. . 48 
Ground yellow maize • . . • . 27 
Wheat gluten .. .. .. .. .. • 20 
Calcium carbonate •.••. , . 4 
Sodium chloride .. .. .. .. . 1 

7. Yellow maize (ground 
flaked) ............... 84 

Meat meal (extracted) . • • • 12 
Salt mixture. • • • . • . • . . . • • 4 

Calcium carbonate • • • 7J:'o 
Sodium chloride , , • , • 15.0 
Magnesium sulphate • 7.5 
Ferric citrate ••• , , , , • 2.4 
Potassium iodide • • • • 0.1 

8. Wheat ................. 33 
:1\Iaize................... 33 
Wheat gluten . . . . • . . . . . . 15 
Gelatin ................. 15 
Calcium carbonate . • . . • . . 3 
Sodium chloride . • . • . . . . . 1 

M etltod of calculating the Results. 

When, as in the present case, the curve relating the biological response to 
the dose is logarithmic, the potency of the test substance is calculated in terms 
of another substance in the following way by: 

{a) Calculating the best straight lines {curves of response) between the 
points determined e:>.-perimentally, y being the average response for the 
group and o: the log. 10 of the dose given. H there are more than 2 points 
for a curve, it is necessary to weight each observation according to the 
number of animals in the group; 

(b) Finding the average slope of the two curves of response, and weighting, 
if necessary, for the number of animals from which each curve is calculated ; 

{c) Finding the mean dose and mean response in each curve and weight· 
ing, if necessary, for the number of animals in each group ; 

(d) Finding the equations of the lines with average slope passing 
through the middle point of each curve of response ; 

(e) Finding the horizontal distance between these parallel lines. 

This is the log. to the base 10 of the ratio of the potencies of the two substances. 
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The following calculation of one of the results in the present series shO\~s 
how the procedure outlined above may be simplified (a) when_ all gro~ps contam 
the same number of comparable animals and (b) when the Jnlddle pomts of the 

two curves of response have the same abscissa. · 

Numerical Number 
expression for 

Dose of rats 
average degree Log. dose used 

of healing I'll· 

Vitamin D2 2.167 0.03 2.477 18 

2.583 0.05 2.699 18 

Diff. = 0.416 Diff.= 0.222 

Vitamin D3 2.083 0.03 2.477 18 

2.583 0.05 2.699 18 

Diff.= 0.500 Diff. = 0.222 

The average slope of the two curves of response is : 

~~=2.063 
2 X 0.222 

The eo-ordinates of the " mid points " of the curve for vitamin D2 
are z = 2.588, y = 2.375 

The eo-ordinates of the "mid points " of the curve for vitamin- Ds 
are z = 2.588, 1i = 2.333 

Since !!.. = 2.063, -
2
·
333 2

·
375 

= 2.063. 
:1: :1: 

-0.042 
• • • :1: = 2.063 = - 0.02036 = 1.97964 

= log. 0.95419. 

Therefore the ratio vitamin D8 : vitamin D2 0.95419 
0.954 (say). 

Most of the participants sent in reports of their comparisons in 
a form from which the value of vitamin D3 in relation to vitamin D2 
could be calculated mathematically. One worker, however, had not 
assigned any numerical value to the healing of each rat. He had 
divided each litter of rats into two groups ; to one group he had given 
a particular dose of vitamin D3 and to the other group a dose of 
0.02 g. vitamin D1• Direct comparison was made between the 
healing of the rats given the dose of vitamin D3 and that of the rats 
given vitamin D1• His result is summarised in Table II. · 
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Table II. 

Dose ResuJL: Healing >, 
LiLLer Number ol Ratio or response ol ol vitamin < or = LhaL produced . 

No •. by Lhe doso ol vitamin 
rau o, 

0.2 1111'· viLamin O, D,: D, 
p.g. 

1 7 0.015 slightly < I 2 7 0.015 < < 1.333 

3 5 0.02 > 

~ 4 6 0.02 = 
5 6 0.02 < slightly < 1.0 

6 9 0.02 slightly < 
7 4 0.03 < 

I 8 5 0.03 slightly > slightly >. 0.667 9 6 0.03 slightly > 
10 5 0.03 > 
11 7 0.04 > 

l 
> 0.5 

12 8 0.04&0.05 both doses > > 0.4 

Conclusion : The ratio of the potency of vitamin D3 : yitamin D2 

is slightly less than 1. 

.Another worker had compared three graded doses of vitamin D3 

with three graded doses of vitamin D2• The averages of the A/R 
ratio (calculated from the values for the ash content of the fat 
extracted bones to t~e organic matter in the bones) were, for th~ 
lowest doses of vitamines D3 and D2, 0.528 and 0.546 respectively, 
values not significantly different, while the corresponding values for 
the two highest doses were 0.628 and 0.6291 t~e same result. From 
these two doses, he concluded that vitamin D3 had the same potency 
as vitamin D2• The average values for the middle doses were, 
however, 0.509 for vitamin D3 and 0.567 for vitamin D2 ; the middle 
dose for vitamin D3 thus gave a lower result than the lowest dose. 
This difference was, however, found to be statistically insignificant, 
though the worker concerned declared that, since his three doses of 
vitamin D3 had not given a graded series of responses, he would have 
preferred to repeat the whole experiment in order to satisfy himself. 
In view of tho results obtained by other workers, however, this was 
considered unnecessary. 

A third worker carried out his tests in two separate stages ; in 
each, he compared two different weights of vitamin D3 with the same 
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two weights of vitamin D1• In the first stage, however, the doses 
selected were rather high and fell in the region of the dosage-response 
curve where the relationship between response and dose is no longer 
logarithmic. He bas therefore suggested that the res~ts of that 
test should be omitted in calculating the value of the wmghted mean 

from all the tests. 

It is concluded that, for the rat, vitamit~ D2 and vitamin Da have 
egual antirachitic potency. For the specimen of vitamin Dz used, the 
antirachitic potency had previously been ascertained as 41.4 X 106 I. U. 
per g. The result is therefore in agreement toith that of ScHENCK 

( 1937 ), who reported the potency of erystalline vitamin D 3 to be 40,000 

I.U. per mg. 

SUMMARY 

Separate solutions of vitamins D2 and D3 in olive oil were 
prepared, each being 0.0025% by weight. 

These were distributed to workers in nine different laboratories, 
together with additional olive oil of the same batch for dilution. 
Each worker determined the relative a.ntirachitic potency of the 
two substances by experiments on rats according to the method of 
comparison generally used in his laboratory. 

Of the methods used two were curative, including the X-ray 
method and the " line " test, two workers using Morgan's method 
of measuring healing, and one was prophylactic by measuring the 
ash content of the bones, one worker using the .A/R ratio for expres
sing his results. 

In ten erperiments, from which the relative values for vitamins 
Da and D 3 could be calculated mathematically, the value for the 
ratio of the potency for rats of vitamin D3 to that of vitamin D 2 

varied from 0.9313 to 1.350. The mean of the values weighted 
according to the number of animals used in each estimation was 
0.995. Two other experiments whose results 'vere calculated in a less 
orthodox manner g3:ve the value for the ratio as approximately 1.0. 
From inspection of the range of the twelve values obtained it is 
safe to conclude that vitamin D1 and vitamin D3 have for the rat the 
same antirachitic poteney i.e., 40,000 e:cpresseil. in I. u. per g. 
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INTERNATIONAL STANDARD FOR VITAMIN E 

INTRODUCTION 

Plans had been made for the holding of a third International 
Conference on the Standardisation of Vitamins in the autumn of 
1939, but the outbreak of war prevented their realisation. Among 
the subjects on which experimental work had been organised, with 
a view to action by the proposed Conference in the light of the results 
obtained, was the possibility of adopting an International Standa.rd 
for Vitamin E and the definition of an International Unit in terms 
of it. The investigation of this possibility, organised by the Vitamin 
E Sub-Committee of the (.British) .Accessory Food Factors Committee 
(Lister Institute and Medical Research Council), had been directed 
to the examination of the suitability, as a Standard for Vitamin E, 
of the synthetic, racemic cx-tocopheryl acetate, a supply of which 
had been generously offered for this purpose by the Hoffmann-La 
Roche Company of Basle, through Dr. Guggenheim. The investiga
tion had been carried out by the co-operative activity of fourteen 
laboratories in Europe and .America, and the results had been 
al!sembled in readiness for an international decision. .A brief report 
on these results, drawn up by the aforesaid Sub-Committee, is 
printed below, and it is intended that a much fuller account of 
the investigation and analysis of its results shall be published later. 

The results of these co-operative trials, in any case, proved to 
be so uniformly favourable to synthetic, racemic cx-tocopheryl 
acetate, as a suitable substance to constitute the projected Inter
national Standard for Vitamin E that the Committee has found 
itself prepared to make a clear recommendation for its adoption. 
There is now no near prospect of the meeting, at any date which can 
be foreseen, of a truly international conference to which such a 
recommendation would normally be presented. Even consultation 
by correspondence, with the experts of other countries who would 
normally be concerned with such a decision, has become increasingly 
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difficult. If the uniformly favourable results of the international 
trials, and the arrangements made provisionally for the issue of the 
proposed Standard when adopted, had to wait for the restoration of 
normal facilities for international meeting or consultation, they 
would remain ineffective for an indefinite period. 

In these circumstances, it was decided to bring the Committee's 
report and recommendations to the notice of those members and 
officers available in Britain of the League of Nations Permanent 
Commission on Biological Standardisation and of the International 
Conference on Vitamin Standardisation. Sir Edward J.\IIellanby, 
Chairman, Dr. J. C. Drummond and Dr. K. H. Coward, members, 
Dr. H. Chick and Miss E. M. Hume, secretaries of the International 
Vitamin Standa.rdisation Conference, in consultation with Sir Henry 
Dale, a member of the Permanent Commission, consented to accept 
the responsibility of taking such decisions, in the present emergency, 
as would normally be taken by a properly constituted international 
conference and by a subsequent meeting of the Permanent Commis
sion. They have accordingly adopted the proposed Standard for 
Vitamin E, accepted the recommendation defining the International 
Unit in terms of it, and authorised the National Institute for Medical 
Research, Hampstead, acting on behalf of the League of Nation!! 
Health Organisation, to proceed with the distribution of the 
Standard. This emergency action has been taken with the knowledge 
and approval of the League of Nations Health Organisation. 

The Standard will thus be available to those who need it, and 
a uniformity in the notation of Vitamin E activity will be effected 
among those who use it. It is earnestly to be hoped that the day 
will not be far distant when a full and properly constituted inter
national conference will have the opportunity of considering the 
effects of this action, and of endorsing or revising it in the light 
of experience. 

INVESTIGATION OF RACEMIC TOCOPHERYL ACETATE 
AS INTERNATIONAL STANDARD FOR VITAMIN E 

In preparation for the proposed third meeting of the Inter
national Conference on Vitamin Standardisation, the Vitamin E 
Sub-Committee of the Accessory Food Factors Committee, at the 
request of the Health Organisation, set on foot a co-operative study 
of dl-a-tocopberyl acetate as a possible International Standard 
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for Vitamin E. It has in the interval been decided that it would 
be more accurate to use the name " synthetic racemic tocopheryl 
acetate ", and this will be done in future. 

A supply of the substance sufficient for extensive biological 
and stability tests, and to provide a standard should the substance 
ultimately be adopted, was very kindly provided by Messrs. Hoff
mann-La Roche, of Basle, through the British associated company, 
Messrs. Roche Products, Ltd., Welwyn Garden. City. 

Workers in Europe and America experienced in vitamin E tests 
were invited to participate, and solutions were prepared by 
Dr. P. Hartley and issued to seventeen laboratories. The workers 
were asked to teat four solutions of the tocopheryl acetate of graded 
strengths, the proportion in which the series was graded being 
stated, but no indication being given of the identities of the numbered 
solutions corresponding with the different strengths. 

The object of the teat was to obtain the relation between dosage 
and response, the response used being the fertility rate defined as 
the percentage of positively mated female rats which produced a 
litter. Vitamin E deficiency is a condition which in an individual 
animal is not cured in a smoothly graduated series of stages ; for 
statistical purposes, the response is treated as of an ali-or-none, not 
of a graded, type. However, the dosage-response relation can, as is 
usual in such cases, be transferred into a linear one by plotting the 
normal equivalent deviation (or probit) of the percentage response 
against the logarithm of the dose. 

Arrangements were made whereby the stability of the feeding 
solutions after the tests and of the original material after keeping 
was tested spectrophotometrically by Dr. R. A. Morton, who re
ported that the stability of all the materials was entirely satis
factory. 

Thirteen of the seventeen laboratories invited completed the 
biological testa and sent in reports which were submitted to Dr. J. 0. 
Irwin a.nd Dr. E. J. Williams, then at Cambridge, for statistical 
analysis. In four of :the laboratories, the slope of the dosage-response 
curve proved not to differ significantly from zero ; in other words, 
the responses to the graded doses were not themselves significantly 
graded. No determinations of the median fertility dose could 
therefore be made, and the results did not lend themselves to further 
statistical analysis. For the remaining nine laboratories, such a 
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study could be made and the results are summarised in the 
accompanying table. 

Number Slope or Standard Median 
Limits or error 

La bora-
tory or probit/log. error rertility 

rats used doso line or slope dose (mg.) 
95% ' •99% 

1 83 5.17 1.09 0.56 86-117 82-122 
2 (a) 40 6.34 1.42 0.55 82-123 77-131 

(b) 42 7.00 1.73 0.66 85-118 80-125 
3 91 3.60 0.99 0.66 72-139 65-155 
4 68 2.63 0.96 0.72 58-172 49-204 
5 48 9.23 3.35 0.84 85-117 81-123 
6 (a) 79 6.83 1.32 1.13 88-114 85-118 

(b) 50 5.07 1.30 1.14 82-123 77-131 

7 78 5.52 1.03 1.36 87-116 83-121 

8 (a) 52 5.89 1.48 1.50 85-117 81-·123 

(b) 52 11.55 3.17 1.05 90-112 86-116 

9 58 6.53 1.62 1.71 84-119 80-125 

lu" and 78-128* i lmtl 4.989 0.383 0.986 72-139 * 

Total 689 : 

Noles. 2 (a) and (b). Ratio or 4 doses the same in each case, but bigger absolute dose 
given in 2 (b). 

6 (a) and (b). Virgins used In 6 (a); rats which had resorbed In 6 (b). 
8 (a) and (b). Criterion In 8 (a) birth or at least one living young one; criterion 

in 8 (b) birth or at least one young one, living or dead. Rats used 
in 8 (a} same as in 8 (b). 

• This error includes error due to Inter-laboratory dillerence. 

The table shows the number of rats used by each worker, the 
slope of the probitjlog. dose line, the median fertility dose and the 
limits of error for each worker's result. The median fertility dose is 
that dose which enables 50% of the rats used to bear a litter. The 
results have been arranged in the table to show the variation in size 
of the median fertility dose, from 0.56 mg. synthetic racemic toco
pheryl acetate in the first laboratory, to 1.71 in the last laboratory, 
the average value being almost exactly 1 mg. The reasons for 
the variation will be discussed when a fuller report is made, but 
it is interesting to note that the size of the median fertility dose 
varied in laboratory 2 in two separate tests, and in laboratory 
8 when the definition of a litter was varied so as to require the 
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inclusion of at least one living young one in the litter. These observa
tions of the great variation in the size of the median fertility ·dose 
add further evidence, if that were needed, of the necessity for 
establishing an international standard for vitamin E so long as 
biological tests are needed. 

The accuracy of the biological technique, as evidenced by the 
limits of error, seems to be about the same as that usually found 
with vitamins for a biological method which has been fully elaborated 
and in use for some time, and the whole co-operative study affords 
a satisfactory basis for recommending that synthetic racemic 
tocopheryl acetate should be adopted as International Standard 
for Vitamin E. 

The workers who took part were : 

A. L. BACILUI.ACH, Gla.xo Laboratories Ltd., Greenford, Middlesex. 
A. Z. BAKER and M. D. WRIGHT, Vitamins Ltd., Hnmmersmith, Londo11.; 
F. BERGEL, Roche Products Ltd., Welwyn Garden City, Herta. 
A. M. CoPPING, Lister Institute, London. 
K. H. CowARD and B. G. E. lllORGAN, Pharmaceutical Society, London. 
V. DEMOLE and H. M. WUEST, F. Hoffmann-La Roche & Co., Basle. 
H. VON EULER, Biokemiska Institutet, Stockholm. 
H. l\L EvANs, University of California, Berkeley, California. 
P. HAIITLEY, National Institute for :Medical Research, Hampstead, London. 
J. 0. IRWIN, Queens' College, Cambridge. 
B. C. P. JANSEN, University of Amsterdam, Laboratory of Physiological 

Chemistry, Amsterdam. 
C. KENNEDY and L. S. PALMER, University of Minnesota Department of 

Agriculture, St. Pa.ul, Minn. ' 
K. E •. liiA_soN and W. L .. BRYAN, Department of Anatomy, Vanderbilt 

Umvers1ty School of l\Iedicine, Nashville, Tenn. 
H. A. lliATTILL, Department of Chemistry, State University of Iowa, Iowa City. 
T. :llloORE, Dunn Nutritional Laboratory, Cambridge. 
R. A. liiORTON, Department of Physical and Inorganic Chemistry The 

University, Liverpool. ' 
A. R. ToDD, Department of Chemistry, The University, Manchester. 
S. W. F. UNDERRILL, The British Drug Houses Ltd., London. 
E. J. WILLIAMs, Forest Products Research Laboratory, Melbourne. 

E.l\L HU14!1 
(Secretary Vitamin E Sub-Committee), 
Lister Institute, Division of Nutrition, 

London, S.W.l. 
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DESCRIPTION OF THE· VITAMIN E INTERNATIONAL 
STANDARD AND DEFINITION OF THE UNIT 

(a) International Standard. 

Tl!e adoption of synthetic racemic o.-tocopl!eryl acetate as Inter
national Standa1·d is 1·ecommended. The Standard Preparation shall 
conform to the requirements stated in Note 1 in regard to its chemical 
and physical constants. 

(b) Definition of Unit. 

The unit recommended for adoption is the Vitamin E activity 
of 1.0 mg. of the standard preparation. 

This amount represents about the average value for the total 
median fertility dose which prevents resorption gestation in rats 
deprived of vitamin E, when the substance is administered orally; 
if it is administered parenterally its activity is less. 

(c) Mode of Preparation. 
It is recommended that the National Institute for Medical 

Research, London, acting for tlte purpose as central laboratory on 
behalf of the Health Organisation of tlte League of Nations, shall 
undertake the care, storage and distribution of the International 
Vitamin E Standard of which 100 g. have been given by 
Messrs. Hoffmann-La Roche, of Basle. 

(d) Mode of Distribution. 
It is recommended that the International Standard Preparation 

shall be issued in the form of a standard solution in oil, the strength 
of the solution being such that 1 gramme contains 10 International 
Units or 10 mg. synthetic racemic o.-tocopheryl acetate (see Note 2). 

Noto 1. 

Properliea of synlllelic racemic a-tocophery! acetate (vitamin E) 031 Hsz 03. 

(i) Appearance : a. pale golden yellow, clear, viscous oil ; almost odourless. 

(ii) Specific gravity: d2~0 0.9545-0.9665 

(correction for 1• temperature variation, 0.0007). 

(iii) Refractive index: n2~0 1.4958-1.4972 

(correction for 1• temperature variation, 0.0004). . 
(iv) Absorption spectrum : in absolute alcohol shows a. broad band A max. 

2855 A 1o/. . 
E 1 ° 42.5 ±1. 

(v) Contains not more t~~·2% of fre~ tocopherol and 96-100% (±2%) of 
tocopheryl acetate. 
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Note 2. 
Nature of the oil to be uaed aa dilttent. 

The oil used for the preparation of the st&ndard solution is olive oil having the 
following properties : 

(i) Specific gravity: 0.915-0.918 (15.5°/15.5°). 
(ii) Refractive index (at 40°0.) : 1.4605-1.4635. 

(iii) Acid value : not more than 2.0. 

(iv) Saponification value : 188-195. 
(v) Iodine value : 79-85. 
(vi) Unsaponifiable matter: 0.8-1.3% (iodine value of unsaponifiablc 

matter not less than 185). 
(vii) (a) After pa.ssage of a current of air at 15-20•0. for three days, the oil, 

on addition of an ethereal solution of phloroglucinol with a few drops 
of concentrated hydrochloric acid, gives not more than a faint pink 
colouration (Kreis test for rancidity). The fresh oil should not give 
the faintest colouration in this test. 

(b) The peroxide value (Lea test) of the fresh oil should not exceed 1 and, 
after pa.ssage of a current of air at 15-20•0. for three days, should 
not have risen to more than 10. 
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ll. 44. 

MEMORANDUM 
ON THE INTERNATIONAL STANDARD 

FOR VITAMIN E 
from tho Department of Biological Stan_dards, National Institute 

for l\Iedical Research, Hampstead, London, N.W.3. 

The members of the International Vitamin Standardisation 
Conference available in Great Britain have recommended that 
synthetic racemic a-tocopheryl acetate shall be adopted aa the 
International Standard for Vitamin E. It is further recommended 
that, as in the case of the other International Vitamin Standards, the 
National Institute for Medical Research, Hampstead, N.W.3, 
acting for this purpose on behalf of the Health Organisation of the 
League of Nations, shall undertake the care, storage, dispensing and 
distribution of the International Standard for Vitamin E. 

DESCRIPTION OF THE STANDARD 

Through the generosity of Messrs. Hoffmann-La Roche, Basle, 
10 sealed ampoules of pure synthetic racemic cx-tocopheryl acetate, 
each containing 10 g. of material, were placed at the disposal of the 
International Vitamin Standardisation Conference for investigation, 
particularly in regard to the suitability of the substance for adoption 
as the International Standard for Vitamin E. 

The material was received at the National Institute for Medical 
Research,' Hampstead, in February 1939, and, on arrival, it waa 
placed in cold storage (-2oC. to -4oC.) where it has since been 
constantly maintained. Small quantities of the -x-tocopheryl acetate 
have been supplied from time to time to the Vitamin E Sub
Committee of the Accessory Food Factors Committee for the purpose 
of chemical, physical and biological investigations. Eight sealed 
ampoules (80 g.) remain available for use and issue aa the Interna
.tional Standard for vitamin E. 

The International Standard preparation conforms to the 
following requirements, in regard to chemical and physical 
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constants, which the British members of the Conference have 

prescribed : 
(i) Appearance: a pale, gold yellow, clear, viscous oil; almost 

without odour. 

(ii) Specific gravity d: 2~
0 

0.9545-0.9665 

(correction for 1o temperature variation, 0.0007). 

(iii) Refractive index: n 2~
0 

1.4958-1.4972 

(correction for 1o temperature variation, 0.0004). 

(iv) Absorption spectrum : in absolute alcohol shows a broad 
band ).. max. 2855 A 

E 1~~- 42.5±1 

(v) Contains not more than 2% of free tocopherol and 
96-100% (±2%) of tocopheryl acetate. 

1 mg. of !1-tocopheryl acetate (C31 H52 0 3) is equivalent to 
0.911 mg. of free a-tocopherol (C29 H50 02). 

DEFINITION OF THE UNIT 

The International Unit has been defined as the vitamin E 
activity of 1.0 mg. of the Standard Preparation. 

This quantity represents the average amount which prevents 
resorption gestation in rata deprived of vitamin E when the substance 
is administered orally ; if it is administered parenterally, its activity 
is less. 

FORM OF ISSUE OF THE STANDARD 

The Standard Preparation is issued as a standard solution in 
olive oil, the strength of the solution being such that 

1 gramme contains 10 International Units of Vitamin E 
(or 10 mg. of syn~hetic racemic a-tocopheryl acetate); 

In order to ensure the stability of the standard solution which" 
will be issued for use in laboratories, the sample of olive oil used 
had been carefully selected and conforms, in its chemical and physical 
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properties, to the following requirements which have been prescribed 
by the British members of the Conference: 

(i) Specific gravity : 0.915 to 0.918 (15.5o/15.5o). 

(ii) Refractive index (at 40°C.) : 1.4605 to 1.4635. 

(iii) Acid value : not more than 2.0. 

(iv) Saponification value: 188 to 195. 

(v) Iodine value : 79 to 85. 

(vi) Unsaponifiable matter : 0.8 to 1.3% (iodine value of 
unsaponifiable matter not less than 185). 

(vii) (a) .After passage of a current of air at 15-20oC. for three 
days, the oil, on addition of an ethereal solution of 
phloroglucinol with a few drops of concentrated 
hydrochloric acid, gives not more than a faint pink 
colouration (Kreis test for rancidity). The fresh oil 
should not give the slightest colouration in this test. 

(b) The peroxide value (Lea test) of the fresh oil should 
not exceed 1 and, after passage of a current of air at 
15-2ooc. for three days, should not have risen to more 
than 10. 
{Department of Scientific and Industrial Research : Food Investi· 

gation Special Report N° 46, 1938 ; pages 98·102, 106-110). 

The standard solution is issued in ground-glass-stoppered bottles 
of brown glass, closed with a viscose cap. Each bottle contains 
approximately 10 g. of the standard solution. It will be supplied, on 
application, to Directors of National Control Centres in those coun
tries in which these have been established, for local distribution in 
their respective countries ; and, on application, directly from the 
National Institute for Medical Research, Hampstead, to laboratories, 
institutes and research workers in those countries in which National 
Control Centres have not yet been established. 

While the investigations so far carried out indicate that the 
solution of tocopheryl acetate in olive oil is very stable, it is neverthe
less recommended that, on receipt by national control centres and 
by individual laboratories, the standard should be placed in cold 
storage, at 0°C. or lower temperature, and should be maintained in 
cold storage when not in use in the laboratory. 
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PuRPOSE OF THE STANDARD AND INDICATIONS FOR ITS USE 

The Standard Preparation is intended to be used for the assay 
of vitamin E activity. By means of comparative tests in, parallel 
series of animals, a determination can be made of the amount of the 
preparation under test which is equivalent in activity to a known 
quantity of the standard, and the vitamin E activity of the prepa
ration under test can then be expressed as the number of Interna
tional Units present in a given weight. The Standard and the 
material under test should be administered orally, since vitamin E 
is not fully effective when given parenterally. 

It may be stated that the median effective dose has been found 
to range from 0.5 to 1.5 mg. (0.5 to 1.5 International Units) in tests 
in which the prevention of resorption gestation in rats deprived of 
vitamin E is the criterion of activity. 

It is recommended that not less than 10 rats should be used 
for each of the two doses of the material being tested and not less 
than 10 rats for each of the two doses of the Standard. These doses 
should not have a ratio to one another greater than 2 : 1. Ten rats 
should be used as negative controls. 
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PROGRESS REPORT 
ON PRODUCTION OF TETANUS TEST TOXIN 

by Jobs. IPSEN 
(Stato Serum Instituto, Copenhagen.) 

I. THE METHODS EMPLOYED IN TWELVE LABORATORIES 

FOR THE PRODUCTION OF TETANUS TEST TOXINS 

.At their meeting in Paris in October 1938, the serologist members 
of the Permanent Commission on Biological Standardisation recom
mended that further investigations should be undertaken into the 
qualitative differences of tetanus toxins produced in various labora
tories. The Department of Biological Standards of the Statens 
Serum Institute, Copenhagen, was to ask various laboratories to 
prepare a toxin from a strain supplied, by it ana accortling to a apecifietl 
method, this toxin to be useil to assay tetanus antitoxins which previous 
tests have shown to possess different qualities • 

.As a preliminary step in this investigation, the laboratories 
invited to participate in the enquiry were asked to supply the 
Copenhagen Institute with information on certain details regarding 
the technique of routine production of their tetanus test toxin. 
This information was intended to facilitate a decision as to whether 
it was necessary to propose a particular method, and, if so, what 
indications should be given. 

Twelve Institutes kindly gave their a~sistance by answering a 
questionnaire sent out by the Department of Biological Standards. 
The answers are recorded in the appended table, which gives a 
conspectus of the details of the procedure followed in preparing 
test toxins in various laboratories. 

It may bo assumed that each of these laboratories, which are 
all highly experienced in such matters, has chosen the method which, 
in its hands, gives the maximum yield, and that any ono of the 
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ComposiUon or 

Name of Concentration ol 
Name ol Laboratory Strain Bose 

I Other medium Peptone Salts Dex- com-trose ponents ---
The Wellcome Physiological T. 11, 12, Horse- Witte!% NoC1.0.7% 0,5% No 

Research Laboratories, 19, 34, 43 muscle 
BECKENilAM. broth 

Institute de Bacteriologia, Japanese Martin, Peptic NaCl. ol 1% No 
BUENOS-AIRES. veal and bee! digest ol veal peptone 

or bee! 

St.atens Serum 1nstitut, Tullock Veal-meat Riedel!% NaC1.0.5% No No 
COPENIIAGEN. Type 11 

Lister Institute lor Preventive Tullock Horse- Witte 1% No 1"' .. No 
ltledicine, ELSTREE. Type I meat 

infusion 

Staatliches Institut !Or exp. A 471, A 46 Veal-meat Witte 1% NoC1.0.5% No No 
Therapie, F~KFURT. A66,A71 

lnstitut Pasteur, GARCHES. American Veal-meat Peptic No 0.4% No I infusion digest or 
veal-meat 

NaUonal1nstitute ol Medical Lob. strain Horse- Dilko 1% NaC1.0.5% No No 
Research, HAMPSTEAD. P. muscle 

infusion 

1stituto Sieroteraplco, Tullock - Dilko 2% NaC1.0.5% No No 
MILANO. Type Ill 

Stotens Bakterielogiska American Martin, Peptic No 0.4% No 
Laboratorium, 8TOCKHOLJI. (Ramon) (according to digest or veal 

Loiseau & or beer meat 
Phillippe) 

Rijks Institut voor de Voli<S- (Wellcomc) Veal-meat WiLle 1% NaC1.0.5% 1.2% No gezondheid, UTRECHT. No. 12 infusion 

Nationallnslilute or Health, Tullock Beer- P.D.C. I% NaC1.0.5% I% No WASHINGTON. Type Ill infusion 

State Epidemiological lnstl- French Witte 1% NaC1.0.5% 0,2% 0.6% tute, \\'ARSAW. (Insutut KH, 
Pasteur) po, 



TETANUS TOXIN IN VARIOUS LABORATORIES 449 

the Medium 
Conditions Manner In which the Test 

Period o! Tempera- used whether 
Pieces PH incubation Lure or anmrobic Toxin was prepared : 

incubator or not !iiLraLion, precipitation, 
of meat glycerol 

at bottom (vacuum) 
Initial Final 

;-i;o 5.6 6.9-7.1 5-Hdays 37• c No Filter-candle + (NH,)1SO, 

No 7.2 ca. 7.2 •1 days (3) 37• c. Yes Berkefeld + (NH,).SO, 
+Hs 

Yes 6.•1-6.6 7.2-7.5 8 days 37• c. Cooked Seitz Filter + (NH,),SO, 
paraffin oil 

No 7.4 ca. 6.8 11 days 35.5• c. Filled to Berke!eld : equal volume or 
neck glycerol 

No 8.0 7.9-8.6 10-12 days 37• c. - Berke!eld Nl5+Na,SO, 

No 6.4 7.2-7.3 12 days 36• c. No Infusorial earth. 
Chamberland H,. · Equal 

parts o! glycerol 

No 7.0 6.8-7.0 10 days 37• c. Filled to Filter + (NH,),SO, 
neck. Freshly 

steamed 

No 6.7 6.6 12 days 37• c. Para !fin (NH,).SO, 
oil 

No 6.•1 7.6 10 days 37• c. Heating at (NH,).SO, 
95°·99° c. 

!or 5-10 
minutes 

Yes % 7.2-7.3 9 days 37• c. Para !!in Seitz E.K. + (NH,),SO, 
chopped oil 

veal 

No 7.6 12 days 37• c. No, hut !lasks Paper + Berke!eld + 
filled to neck (NH,),SO, dried over P,O, 

and heated to 
100° 

Yes 7.0 6.9 12-15 days 36-37• c. ·10-50mm. Bcrkeleld 2X +50% 
vacuum glycerin 
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twelve procedures could be chosen to serve as a kind of standard 
method for the production of test toxin. The circumstance, however, 
that some institutes have disregarded certain factors that are 
included by others suggests a possibility of simplifying the procedure, 
on the assumption that only the factors used by all laboratories are 
essential. Thus, where three institutes prefer to keep the pieces of 
meat at the bottom of the containers, whilst the other nine omit this 
detail, it may be inferred that this factor is not strictly necessary 
to obtain a good tetanus toxin. 

Another point considered in working out the proposed method 
described hereunder was the importance of ensuring that the compo· 
nents of the medium should, so far as possible, be reproducible 
everywhere. For this reason, it would be preferable to choose a 
peptone from a single factory for the peptic digests. Expense is not 
a consideration in this connection, since this method is only to be 
used in making a .comparatively small amount of test toxin, and 
not for the production of toxins for immunisation and preparation 
of formol-toxoids. 

Thevealextractwill, admittedly, be impossible to" standardise", 
but if it were proved that this factor exerts an important influence 
on the qualities of the toxin, this would mean that the problem 
of preparing uniform tetanus toxins is very far from solved. 

The above considerations have led us to propose the method 
which is set forth below. In this connection, we have received 
valuable advice and criticism from Dr. L. E. Walburn, Dr. G. 
Reymann and Dr. Per Holm, to whom we tender our acknowledg
ments. Needless to say, our intention has not been to prescribe a 
method which would give as potent a toxin as possible but rather 
to find a simple procedure for the preparation of a suitable toxin 
which can be reproduced in all laboratories. We would, however, 
emphasise the need for strict observance in detail of all the directions 
given. 

By way of preliminary, we have prepared a quantity of tetanus 
test toxin by this method in our laboratory. It has given the 
following constants : 

L +/5 (mice intraveneously) = about 0.10 mg. 

Minimum lethal dose = about 0.00006 mg. 
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II. A PROPOSED lVIETHOD FOR PRODUCING TETAl\uS TEST TOXH~ 

Prcpamtion of tlie 11lcdimn. 

l\Iince 10 kg. of fresh veal without fat and add 20 litres of distilled 
water ; allow to stand overnight at 2-4oC. 

Next day boil for 10 minutes and decant the fluid. .Adjust the 
volume of fluid to 20 litres by adding distilled water; thereupon, add: 

(1) 0.5% sodium chloride, 
(2) 1% Witte peptone. 

Adjust the p 11 to 8.0 by means of NaOH. Filter the preparation 
through ordinary filter paper. Deliver 1 litre of the broth into each 
of twenty Erlenmeyer flasks of 1% litres capacity. Autoclave the 
flasks at 124°0. for 20 minutes and immediately redistribute the 
contents of the flasks in such a way that the height of the fluid in 
each flask (about thirteen) is 15 em. These thirteen flasks, which 
a.re ready for inoculation, are placed in the incubator at 37°0. 

I noculatiot~ of tlie Broth. 

Preliminary inoeulation. - Inoculate one of the flasks with an 
ample amount of strain 3 1 furnished by the Copenhagen Institute 
in glucose-broth. Replace the flask in the incubator and observe 
during the ensuring 24 to 48 hours. 

Final inoculation. - When the growth of the bacillus is perfectly 
spread throughout the volume of broth, inoculate the remaining 
twelve flasks with 2 cc. of the infected broth from the first flask. 

Place the twelve flasks in the incubator for 6 X 24 hours after 
the final inoculation. Then filter the broth through a :Berkefeld or 
Seitz filter and pour the contents of all flasks together in a large 
container. Thereupon saturate the fluid with (NII4hS04• One 
hour after, collect the precipitate on the surface and remove the 
excess fluid by means of filter-paper. 

Place the lot in a large desiccator and powder after drying. Allow 
to remain in the desiccator until dried to constant weight. 

May 1939. 

l This strain (Nat. Coil. No. 67, Tnllock Type II) has been microm&nipulated 
by Professor I. ZeiBBler, Altona., &nd found perfectly pure. 
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COMPARISON OF TETANUS TEST TOXINS 
PREPARED BY SEVEN INSTITUTES 

FROM THE SAME STRAIN 
AND BY THE SAME METHOD 

by 

Jobs. IPSEN 
(State Serum Institute, Copenhagen). 

The plan of producing a test toxin from the same strain of 
Bac. tetani (as outlined in the foregoing progress report (4)) was 
successfully carried out in the course of 1939 through the kind 
co-operation of the following investigators : 

Professor A. SORDELLI1 Instituto de Bacteriologia, Buenos
Aires; 

Professor R. PRIGGE, Staatliches lnstitut fiir experimentelle 
Therapie, Frankfort-on-Main; 

Professor F. PEPEU, Istituto Sieroterapico Milanese, Milano; 
Dr. G. LoFSTRoM, Statens Bakteriologiska Laboratorium, 

Stockholm; 
Dr. W. Aeg. Trr.tMERMAN1 Rijks Instituut voor de Volks

gezondheid, Utrecht ; 
Dr. W. T. HARRISON, National Institute of Health, 

Washington. 

In addition, a toxin was prepared in 1939 by the author of the 
present paper, following the technique described, and this toxin, 
together with the dried ammonium-precipitated preparations 
furnished by the above instity.tes, formed the basis for a series of 
investigations carried out in Copenhagen in the course of 1940. 

The main object of these investigations was to determine whether 
the seven toxins showed any differences in qualitative respect. 
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The first question was to examine the extent to which the 
potenmJ of va1'ious sera (in terms of the international standard 
tetanus antitoxin) would vary when using each of the seven toxins 
in question as test-toxin. The variation found should then be 
compared with the variation which might be expected from the 
eiTor of assay of tetanus antitoxins with one test-toxin. 

A further description of the quality of a toxin is possible, however. 
Margaret LLEWELLYN SMITH (7) has demonstrated that the slope of 
the curve which is obtained when the reaction is plotted against 
the logmithm of the dose of antitoxin is different when two tetanus 
toxins are used for the assay of the same sera. Slope deviations 
indicate some qualitative differences in the toxins, and we shall 
therefore include an investigation of the slopes of the reaction 
curve in the treatment of the results. 

Qualitative differences of toxins can be detected by comparison 
of the ratio of the direct and inclirect toxicity -i.e., the ratio between 
m.l.d. and the test-dose against a certain dose of antitoxin. This 
'has been used to advantage by the author in a study of the quali
tative differences among toxins of Baa. perfring6'11.s (5). SoRDl!lL'LI (8) 
has demonstrated that tetanus toxins with widely deviating 
·• toxicity " ratios give abnormally deviating titers against different 
antitoxins. Hence we 'shall also use the number of m.l.d. per 
test-dose in characterising the toxins of this investigation. 

The above-mentioned study of perfringens toxins shows other 
means of demonstrating the complexity of toxins - viz., by assays 
of the direct toxicity in various test animals, injecting the agent 
intracutaneously as well as intravenously, examining the hemolytic 
capacity, etc. 

The possible hemolytic action is of no interest as far as the present 
problem is concerned, since it is generally known that tetanolysin 
takes no part in the course of a tetanic intoxication. Moreover, 
since the tetanus filtrates contain no skin-reacting substance, a 
comparison of the direct toxicity in mice, gninea-pigs and rabbits 
remains the only possibility of revealing the presence of any mul
tiple toxins in the tetanus filtrates. Such experiments were carried 
out with the seven toxins in question, and comparison was made 
with experiments employing tetanus toxins of other origin. 

* * * 
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In order to secure a sound basis for a qualitative comparison 
of the toxins, it was necessary to revise the methods of estimating, 
from the experimental data, such values as the minimal lethal 
dose of the toxin, the slope of the reaction curve, etc. The author 
believes that the death time of the animals injected with toxin or 
toxin-antitoxin mixtures is more suitable for this purpose than the 
mortality rate of a group of animals, now commonly used. 

An attempt to utilise the death time is found in an earlier paper 
on the titration of tetanus antitoxin (1938) (1), but in later publi
cations the author has developed a method which is better founded, 
theoretically and experimentally ; this method is used in the treat
ment of the results of the present investigation. 

For the purpose of clarity, it seems reasonable fh·st to deal with 
the assays of direct toxicity and later present the method of 
computing the titer of the antitoxins. The arrangement will be 
be as follows : 

1. Calculation of the minimal lethal dose of tetanus toxins. 
2. The ratio of m.l.d. for mice, guinea-pigs and rabbits. 
3. The reaction curve of toxin-antitoxin mixtures. 
4. Calculation of the potency of the antitoxin. 
5. Comparison of the potencies of antitoxins assayed with 

the seven tetanus toxins. 
6. The ratio of direct and indirect toxicity. 

1. CALCULATION OF THE MlNIMAL LETHAL DOSE 

OF TETANUS TOXINS 

The minimal lethal dose of a tetanus toxin can be evaluated in 
mice as well as in guinea-pigs and rabbits. The m.l.d. is defined 
as the dose of toxin which kills 50% of a group of mice in 120 hours, 
of guinea-pigs in 100 hours, and of rabbits in 160 hours. 

In previous papers (2, 3) of which this chapter is a short summary, 
the author has shown that a constant relation exists between the 
dose of toxin (expressed in m.l.d.) and the time in which 50% of a 
group is killed. The slope of the corresponding curve is specific to 
a toxin and a species of animals. In case of tetanus toxin and the 
three kinds of animals concerned, a curve was drawn once for all 
from which it was possible to determine the number of m.l.d. which 
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on the average would kill in a certain length of time. Accordingly, 
the death time can be tabulated as a function of the number of 
m.I.d. If f(T) is the logarithm of this time function, D the actual 
dose, and d the .dose which kills 50% in infinite time, we have 

D 
f(T) = log d = log D - log d (1) 

Separate tables of f(T) have been prepared for each of the three 
kinds of animals, and the f(T) table for mice is quoted in the Appendix 
to the present paper. The table is used as follows in the calculation 
of the m.l.d. of an unknown tetanus toxin : 

The death time is observed for each animal receiving the dose D. 
f(T) is found in the particular table for the species of animal used, 
and the quantity 

log d = log D - f(T) (2) 
is calculated for each observation, and the mean value is determined. 
This mean is the best estimate of the dose which kills 50% in infinite 
time. 1\Ll.d. may now be found by adding 0.19 to log d, 0.19 being 
the value of f(T) for the time contained in the above-mentioned 
definition of m.l.d. for all species of animals : 

log (m.l.d.) = log d + 0.19 (3) 
Since it can be proved that log d is normally distributed, it 

follows that the standard error of the determination of log d is 
8 

8 --- (4) log (m.l.d.) - '\[N 
where 8 is the standard deviation of log d from the mean and N 
the number of animals killed in the whole experiment. 

It is possible to demonstrate that 8 is identical with the standard 
deviation in the normal distribution which is formed by the loga
rithm of the minimal lethal dose for each individual. s2 may be 
calculated directly in each experiment as the mean of the square of 
the deviation of the values of log d from their mean, and s is fairly 
constant in experiments with the same lot of animals, independently 
of the length of the death time.l 

Hence the advantage of using the f(T) table is that the death 
time is transformed into a normally distributed quantity which is 
equivalent to the toxicity of the toxin. 

1 8 thua expresses the degree of uniformity in resistance of the lot of animals. 
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It may be established statistically by an analysis of variance that 
we are justified in using the f(T) table, prepared from experiments with 
other toxins, in the experiments with the seven toxins in question. 

The variance of f(T) for one dose (s7tTJ) was con:pared with the 
variance of values calculated as log D-f(T50) (s1ogd) for each dose 
by means of R. A. Fisher's z-test, j(T50) being the mean of f{T) 
for each dose. 

Table1 (page457) records a detailed protocol with the computation 
of log (m.l.d.) and the variances. 

Since the standard deviation of f(T) (s1(T)) in groups receiving 
the same dose is not significantly different from the standard devia
tion (s10g d) of log D - f(T50), it follows that the standard deviation 
(s) of the mean log d can be calculated as mentioned above, and 
from s we obtain the error of the mean according to equation (4). 

Table 2 {page 457) records a survey of this analysis of variance 
for all seven toxins. 

The logarithmic standard deviation of the potency (s) varied 
somewhat according to the lot of mice used in each experiment, but 
our mice showed, as an average, a standard deviation of 0.194. 
This means that we may reckon with the following accuracy in the 
assay if the indicated number of mice are used : 

Number o! mice killed 

1 
2 
5 

10 
20 
50 

100 

Percentage standard error or assay 
% 

56.3 
37.3 
22.4 
15.2 
10.5 
6.5 
4.6 

The most economical number of mice will be 20 this nwnber 
giving the acceptable error of about 10%. It is beli:ved that mice 
can be obtained having a greater uniformity of resistance than those 
used in these experiments. In that case, the error of m.l.d. will be 
even smaller than that indicated above. 

The method of determining m.l.d. in case of rabbits and guinea
pigs is quite similar. f{T) will naturally be found in the proper 
ta?Ie. A graphical method, applicable to experiments with only one 
anunal per dose and with large intervals between the readings of 
t.he death times of the animals, was described in an earlier paper (2). 



Dose 
mg. 

0.00025 
0.00032 
0.0005 
0.001 
0.0025 

Toxin.., 

B 
c 
F 
l\1 

s 
u 
w 

Table 1. 
CALCULATION OF l\1 L.D. FOR. TOXIN WAND THE STATISTICAL TEST FOR FITTING TO THE /(T) CuRVE .. . 

Number I Mean I \T) 
s'f(T) 

Degrees 
loT< .go) log D or mice Death time (hours) {(T) if('f50) or 

injeeled Crecdom 
I 

-3.6 5 73 97 97 97 97 i 0.42 0.27 0.27 0.27 0.27 0.300 0.00450 4 -3.900 
-3.5 5 73 97 97 97 97 i 0.42 0.27 0.27 0.27 0.27 0.300 0.00450 4 -3.800 
-3.3 4 73 78 106 121 ; 0.42 0.38 0.23 0.19 0.305 0.01257 3 -3.605 
-3.0 4 32 51 73 73 1 1.11 0. 67 0.42 0.42 0.655 0.10590 3 -3.655 
-2.6 3 25 32 32 ! 1.39 1.11 1.11 1.203 0.02614 2 -3.803 

log m.I.d. =- 3.759+19 =- 3.569 
m.l.d. = 0.00027 mg 

mean Bf(T) = 0.167 
Degrees of freedom 16 

log d =- 3.759 
BJog d = 0.251 

4 
Difference not significant 

'l'nblo 2. 
ANALYSIS OF V,\RIANCE FOR SEVEN TOXINS 

Probabilit-Y or 
8 Degrees Degrees idenllty or Degrees Percentage 

N •f(T) or • log d or 8 {(T) • or ,- error or 
Creed om freedom 

ond "log d 
freedom "VN m.l.d. 

.. 

21 0.228 13 0.228 4 >5% 0.228 17 0.051 12% 
29 0.235 19 0.303 9 >5% 0.258 28 0.049 12% 
44 0.139 32 0.150 8 >5% 0.142 40 0.021 5% 
19 0.206 9 0.180 4 >5% 0.201 13 0.046 11% 

20 0.076 11 0.146 4 I <5% } 0.098 15 0.022 5% >I% 
20 0.183 13 0.277 4 >5% 0.210 17 0.047 11% 
21 0.167 16 0.251 4 >5% 0.186 20 0.041 10% 

mean s 0.194 150 --. . . Toxins are des1gnoted w1th the first letter m the name or the city or origin • 



. 
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It is apparent that the observation of the death time and the 
transformation into the function f(T) form an exact basis for the 
computation of m.l.d. and the error involved. 

2. THE RATIO OF M.L.D. FOR MICE, GUINEA-PIGS AND RABBITS. 

The direct toxicity of the seven toxins (in mg. of the dry 
precipitated material) varied, a~ it was to be expected, but a consi
derable agreement was found in the ratio of the toxicity values 
obtained in the three kinds of animals as expressed by the m.l.d. 
ratio : rabbitfmouse and guinea-pig/mouse. 

The doses prepared for rabbits were in dilutions of 3 cc. each ; 
rabbits weighing 3,000 g. received 3 cc. i.v., and the volume was 
adjusted for animals of other weights so that 1 cc. was injected 
per 1,000 g. of weight. 

The average weight of the guinea-pigs was 250 g., and here 
the dose was adjusted in a similar way. .Animals weighing, e.g., 
280 g. received a volume of 2.8 cc. of the dilution containing 
the dose in 2.5 cc. 

No correction was made for the variation in weight of the 
mice. 

Table 3 gives the data obtained with the number of animals 
recorded. 

Tablo 3. 

DETERMINATION OF M.L.D. 

Mouse Rabbit Guinea-pig I Rallo or m.J.d. 

Toxin I m.J.d. Number m.J.d. Number m.l.d. Number ; Guinea-
mg. or or or Rabbit/ 

animals mg. rutimals mg. animals mouse pig/mouse 

B I 0.00023 21 0.98 3 0.00026 3 4260 1.13 
c 0.000069 29 0.37 3 0.00013 3 5360 1.88 
F 0.0076 44 43.50 6 0.007 3 5720 0.92 
M 0.00029 19 1.44 3 0.00068 3 4970 2.32 
s 0.00032 20 1.59 3 0.00033 3 4970 1.03 
u 0.00038 20 2.34 3 0.00087 3 6160 2.29 
w 0.00027 21 1.29 3 0.00034 3 4780 1.26 

-- -
Geometric mean 5140 1.45 - -
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The m.l.d. ratio shows good agreement for all seven toxins 
notwithstanding the small number of rabbits and guinea-pig~ 
used. The variation of the ratio is even smaller than we should 
expect from the elTor of the assay. 

The information - that the m.l.d. for rabbits is 5140 times the 
m.l.d. for mice, and that the ratio guinea-pigs{mice is 1.45 -appears 
to be of no interest unless a comparison is made of the ratios when 
toxins of other origin are used. We have therefore investigated 
seven other toxins from various institutes, prepared with different 
strains and by different methods. The same number of animals 
was used in these experiments ; the results are given in Table 4. 

Table 4. 

RATIOS OF M.L.D. FOR TOXINS OF V ..UUOUS ORIGIN 

m.l.d. Ratio of m.J.d. 
Toxin Place Strain Method • Mouse Rabbit/ : Guinea-or origin mg. mouse :pig/mouse 

C.35 Copenhagen Slrain 3 • Copenhagen 0.00086 4270 3.78 
B. II Buenos-Aires .. Buenos-Aires 0.00026 5690 : 2.13 

: 
B.m .. .. "Japan Strain" .. 0.00025 1790 3.10 
B. IV .. .. .. Standard 0.00031 1480 5.06 
Tg. 135 Frankfort Frankfort FrankCUrl 0.00021 1390 : 2.37 

: 
K. Washington Tullock No.3 Washington 0.00038 2070 
K. 21 (3) Copenhagen Inst. Pasteur Insl. Pasteur 0.00008 17600 2.04 

The values in italics deviate significantly from the mean in Table 3. 
• Strain 3 was used lor the production ol the seven toxins or Lito enquiry. 
' lllethods described in the Progress Report (4). "Standard" method designates the method 

proposed herein Cor the production ol the toxins of the enquiry • 
. • Prepared by Miss E. Klrchhclncr; method and strain from the laboratory or Dr. Prevo!, 

Par1s. 

In the case of these toxins, we find no significantly deviating 
values of the m.l.d. ratio guinea-pigfmouse, although all values 
are higher than the colTesponding mean in the last column of 
Table3. 

Iri five cases out of seven, however, the m.l.d. ratio rabbit/mouse 
is significantly different from the mean value of 5140 of Table 3, 
four of them being lower and the last one considerably higher. Two 
of the toxins show a " rabbit{mouse " ratio of the same order of 
magnitude as the ratios found for the seven toxins in Table 3 ; these 
two toxins are particularly interesting, since they are the only 
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toxins of Table 4 which have been produced from strain 3. This 
fact suggests that the m.l.d. ratio for rabbitfmouse is a quality 
to be ascribed to the strain of Bac. tetani and not to the medium or 
the method of producing the toxin filtrate. 

In order to put this hypothesis to a test, we re-examined a series 
of toxins which had been prepared in our laboratory two years 
before. Two strains had been used- viz., strain 3 and the 
Washington strain Tullock No. 3, which was also used for the pro
duction of toxin K of Table 4. Certain details have been changed 
in the preparation of these toxins so that they are especially suited 
to show that the quality in question is independent of the method 
of preparation. The results are given in Table 5. 

Table 6. 

In cuba- Precipitated m.l.d. Ratio of 
Toxin Strain Medium tion by saturation Mouse m.J.d. 

period with mg. rabbit/ 
mouse 

10 Strain 3 Copenhagen 8 da.ys (NH4) 2S04 0.00013 4790 
20 " " 

4 da.ys • 0.00015 12900 
30 " " 8 da.ys Na.2S04 0.00030 5250 
40 

" " 8 da.ys (NH4)2S04 0.00029 10700 

Beom .... u7670 --
lW Tullock No. 3 Copenhagen 4 da.ys (:t\"'H4)zSO 4 0.000029 2690 
2W .. .. 8 da.ys Na.2S04 0.000055 1410 

3W1 
+(NH4)2S04 .. .. 4 da.ys (NH4)zS04 0.000037 1450 

3W2 .. .. 4 da.ys Residua.! fluid 0.00013 980 
of3W1+ 

4W 
Na.2S04 

" .. 4da.ys Na.2S04 + 0.000017 780 

(NH4)zS04 
0Pm.oeao1330 

I -
The mean values in the la-st column of Table 5 seem to confirm 

our hypo~es!~· T~e toxins,produced with strain 3 gave a mean 
m.l.d. ratio . rabbit/mouse which does not differ significantly 
~om the ratios of the toxins in Table 3 or from the first two toxins 
m Table 4. And the five toxins produced with the same strain 
as to~ K gave a mean value of the same ordre of magnitude as 
the ratio found for toxin K in Table 4_ 
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Since the two mean values of Table 5 are significantly different, 
we have been able to show a difference in the biological qnality of 
toxins PI'Ollucell 1oith different strains of Bac. tetani. 

3. THE REACTION CURVE OF TOXIN-ANTITOXIN MIXTURES 

(a) Material aml Mctholl of Experiment. 

Three antitoxic tetanus sera were chosen for the comparison 
of the " test toxin " properties of the seven toxins in question. 
All of these sera bad been used in similar investigations published 
in 1938 in this Bulletin (1), viz. : 

Scntm 3111, which is the present British Standard Antitoxin ; 

Se1·um 4101 selected at Hampstead to replace the current 
British Standard. 

Both sera were compared with the international standard, 
using several different toxins, the work being done by 
1\1. Llewellyn Smith (7) ; significant deviations of the titers 
were found when different toxins were used. Dilutions of 
these sera were placed at our disposal through the courtesy of 
1\1. Llewellyn Smith. 1 cc. of the dilution of 3111 was supposed 
to contain 100 AU, and 1 cc. of 4101 should contain about 60 .AU. 

Serum III (potency approximately 5,000 AU) was one of 
five sera which were investigated in several institutes (1). The 
titers of this serum showed the highest variation when tested 
with different toxins and by different methods. 

The potency of these sera was in each case compared with that 
of the International Standard for .Tetanus Antitoxin (TE). 

First, the test dose L+/5 was determined for each toxin-i.e., 
. the dose which, mixed with 1/5 international unit and allowed to 

combine for one hour at room temperature, causes death of 50% 
in a group of animals 5 x 24 hours after intravenous injection of 
the .toxin-antitoxin mixture. 

This test dose was then added to 5 doses of the assayed antitoxin 
and 5 doses of the standard antitoxin. The dose interval was 
12.5% (the difference between the logarithms of the doses was 
0.05). .After being allowed to combine for one hour, each mbtture 
was injected into 5 mice taken from the same lot. Generally, all 



462 COMPARISON OF TETANUS TEST TOXINS 

three antitoxins were thus compared with the standard on the same 
day. 

(b) Reaction Curves. 

The potency of the antitoxin was computed as the difference 
between log dose of the antitoxin in cc. which showed 50% death 
on the fifth day (120 hours) and log dose of the staudar<l serum 
(in .A.U) which gave identical res)llts. 

In order to obtain a reliable estimate of this end-point dose, curves 
were constructed by plotting the reaction against log dose of the serum. 

Two forms of such reaction curves are possible : 

(1) The quantal reaction curve, where the reaction is expresse<l 
as percentage of the animals surviving after 120 hours. This 
type of curve was used in the work of M. Llewellyn Smith and 
is the type most commonly employed. 

(2) The quantitative reaction curve, in which the reaction 
is expressed as the time when 50% of the group is killed (T50) . 
.A.n attempt to use this reaction curve has previously been made 
by the author. 

When the first curve is used, the dose giving 50% survival 
is found by interpolation ; from the second curve we find the dose 
showing T50 in 120 hours. 

The quantitative reaction curve seemed preferable. The pro
blem was that of finding a suitable method for the calculation 
of T50. This was possible by transforming the death time of each 
animal into the doseftime equivalent /(T) and then calculating 
f(T50) as a simple mean of these vaJues.l 

T50 can now be found in the f(T) table, but it is of more interest 
to consider the curve which is formed when f(T50) is plotted against 
the log dose of antitoxin ; it can be proved, by graphical and 
arithmetical tests, that tkis curve is rectilinear. 

The curve : /(T50)flog (serum dose) can accordingly be subjected 
to simple arithmetical treatment, and the end-point dose may be 
accurately computed. 

1 
In case of groups where only part of the animals died, the calcnla.tion of 

/{T60) followed a. specia.l method which is explained in deta.il in previous papers 
{2, 3). 
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This form of curve is, in several respects, more accurate than 
the dosefmortality curve: 

(a) The slope of the curve is independent of the variations 
in resistance of the population of animals ; 

(b) The cuxve can be followed through a wider range of doses; 
(c) The error or the reaction f(T50) can be calculated directly 

from the data, while the error of a percentage reaction is estimated 
theoretically ; 

(d) The same degree of accuracy is obtained with a con
siderably smaller number of animals. 

(c) The Slo'[JC of tlte Cu1've : f(T50 )flog (se1·um dose). 

The reaction cm'Ves for each combination of the four sera and 
the seven toxins were obtained by plotting j(T50) against log dose 
of antitoxin. These graphical representations showed that curves 
from experiments with the same serum had the same slope which
ever of the seven toxins was used as test toxin. ~he reaction curve 
was only followed through a range of doses from 0.225 .AU to 
0.16 .AU. Lower values of antitoxin were not examined, since the 
reaction was too uncertain (death time less than 36 hours). Thus 
the rectilinear course was not proved for the full length of the curve, 
but only for the part which is of practical significance. The apparent 
parallelism of the curves was confirmed in statistical tests where 
the variance of the reaction from the smoothed reaction curve 
was compared with the variance of the slope of the curve obtained 
with each toxin. Since these variances were not significantly 
deviating in assays of the same serum, the following mean slope 
could be attributed to the reaction curve for each serum and the 
seven toxins (Table 6) : 

Tablo G. 

Serum 
Mean slope or (li) Mean error reacUon curve or slope (sd) {(T50)/log serum 

TE -6.72 0.558 
3111 -3.40 0.151 
4101 - 6.99 0.754 
m - 6.91 1.000 
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It is apparent that three of the four sera- viz., TE, 4101 
and m- gave the same slope of reaction curve with the seven 
toxins, while 3111 developed a much flatter curve. Figure 1 (see 
pages 474 and 475) illustrates the difference. .All reaction curves 
are translated so that the point of intersection of the reaction line 
with the abscissre is the same for all toxins. 

The evaluation of the potency of serum 3111 in terms of the 
standard cannot be made independently of the method of reading, . 
since the slope of this serum (3111) is significantly different from 
that of the standard serum (and the sera 4101 and ill). 

The ratio of the potencies of the two sera will depend upon the 
end-point reaction chosen. If, for example, we use 50% mortality 
on the fifth day as end-point (f(T50) = 0.19), the titer of 3111 will 
appear 2.6% lower than the titer calculated at the end-point 50% 
mortality on the fourth day (f(T50) = 0.27). 

No adequate theoretical explanation is available for this lack of 
parallelism between the reaction curves of certain tetanus anti
toxins. It leads to the assumption that the antitoxic serum is 
composed of molecules of different affinity to the antigen. Since 
the value f(T) is equivalent to the amount of free tetanus toxin, the 
reaction curve illustrates the relation between free toxin and anti
toxin in the mixture containing a constant amount of toxin and 
varying amounts of antitoxin. An analogy to these findings is to be 
found in the recent experiments of HEIDELBERGER et al.l who studied 
the precipitation reaction curve of egg albumin and its homologous 
antibodies in rabbits and horses. A difference in the slope of this 
curve was found when various sera were tested against the antigen. 

In the future, it is probable that the f(T) reaction curve will be 
the means of a more exact study of the properties of the tetanus 
antitoxin. 

4. CALCULATION OF THE POTENOY OF THE ANTITOXIN 

AND THE ERROR OF ASSAy 

In ~rder to find a practical solution of our problem - viz., the 
companson of the properties of toxins - we must create a term of 

1
E.g., M. HEIDELBERGER, H. P. TREFFEBS a.nd M. MAYER, Jl. Ezp. Met!.. 

1940, 71, 271. . . 
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comparison for the titers of the antitoxic sera obtained for each of 
the t?xins. It is therefore necessary to define a certain end-point 
reactiOn and to calculate the dose of each antitoxin which gives 
this reaction. 

Tiere as before, 50% mortality at 120 holirs has been selected 
as end-point. This corresponds to a value of f(T) equal to 0.19. 
Calling the logarithm of the dose giving this reaction D

5
, we may 

calculat.e this quantity from each of the doses giving death of tetanus. 

The equation of our reaction curve is : 

f(T50) - 0.19 = ~ (log D -D6) (5) 
where D is the serum dose and ~ the slope in Table 6. 

lienee we find 
1 

D6 = log D - (3 (f(T50) - 0.19) (6) 

A value of D5 is calculated for each D, and the mean D5 is used 
as an expression of the potency of the antitoxic serum. The titer 
is calculated as the antilogarithm of the difference between D6 for 
the standard and D5 for the serum assayed. 

Table 7 (page 466) gives a detailed protocol with the consecutive 
steps : transformation into f(T), calculation of f(T50), of D6, and 
of the titer. 

The Erro1· of the Determination of D5• 

The error of the determination of D5 can be determined directly 
from the reaction curve. The regression diagram, Figure 1, shows 
that the mean reactions f(T50) deviate to a certain degree from the 
theoretical line. This deviation, expressed by the mean square of 
the deviations of the points from the line MSu/z * determines the 
error of D5 (s0 ,) as follows: 

2 Mautz 
8o, = a2 no (7) 

where n 0 is the number of doses giving response. 

The quantity Mautz is determined from the combined sets of 
reaction curves for eaeh serum, and the following values were found 
(Table 8): 

• For the oomputa.tion, see Ipsen (3, pa.ge 37). 



Tnblo 7. 

EvALUATION oF SEBUM 3111 WITH ToXIN F 

Fivo mice per dose. To onoh serum dose is added 3.3 mg. toxin. 

Serum Dose or log D Death limo In hours /(T) /(T50) D, 
serum 

0.25 UA -0.602 s s s s s - -- -
Stand. 0.225 UA -0.648 s s s s s -- - --

0.2 UA -0.699 72 88 112 141 s 0.43 0.32 0.21 0.14 s 0.243. -0.691 
0.18 UA -0.745 49 49 64 64 88 0.70 0.70 0.50 0.50 0.32 0.544 -0.692 
0.16 UA -0.796 all died 25 to 40 h. 1.39 to 0.89 1.140 -0.654 

1\!ean: 
-0.679 

0.0032 co. -2.604 s s s s s - - -
0.0028 co. -2.653 s s s s s - - -

3111 0.0026 co. -2.602 88 141 141 s s 0.32 0.14 0.14 s s 0.140. -2.616 
0.00225co. -2.648 88 112 112 112 112 0.32 0.21 0.21 0.21 0.21 0.232 -2.636 
0.0020 cc. -2.699 72 72 72 88 88 0.43 0.43 0.43 0.32 0.32 0.386 -2.641 

Mean: 
~2.631 

TiterofSerum3lll = antilog{2.631-0.679) = antilog1.952 = 89.5.t!U 

S = survived. 
• As these groups did nol show lull mortality, { (T50) was calculated as lho median or tho /(T). The method is dealt with by It>sen (2, 3). 
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Table 8. 

V ARLU!CE OF T50 FBOM THE REACTION LINE 

Serum Number or 
MSyf:z: MSu/z/£1" observal ions 

TE 52 0.02893 0.0252 
3111 28 0.00565 0.0226 
4101 26 0.03502 0.0268 
ill 20 0.03800 o:o2s2 

It is striking that the reaction is determined with a significantly 
higher degree of accm·acy for serum 3111 than for the other sera 
(see column 3). This means that the error of assay is practically 
of the same order of magnitude for all the sera (see column 4), 
notwithstanding the fact that the slope of the curve of serum 3111 
is only half of the slope of the curves of the other sera. 

Some interesting conclusions are reached when trying to explain 
this deviation. It might be presumed that the deviation of /(T) 
is less for doses containing serum 3111, but an analysis of variance 
shows that the standard deviation of f(T) is the same for assays 
with all sera and, moreover, equal to that (s) determined from 
experiments with toxin alone, as in section 1. Table 2 gives this 
standard error, 0.194. Since five mice are used per test dose, the 

variance of the mean reaction f(T50) should be about 
0
·
1
:

4
• = 0.007527. 

This expected value is only approxima.t.ed in case of serum 3111 
(MSuf:z: = 0.00565). For the rest of the sera, we must ·reckon 
with a source of error not controlled by the number of mice injected 
per dose. It may be put as 

s• 
MSul:z: = !J.2 + - (8) n 

where s is the standard deviation of f(T) (standard deviation in 
resistance), n the number of mice per dose, and !L the unexplained 
error (in our case about 0.15). 

This error (!L) may perhaps be explained by assuming that the 
same number of toxin and antitoxin molecules have the possibility 
of combining in several different proportions, leaving more or less 
toxin free in the mixture. Or we may assume that the phenomenon 
of Danysz is interfering in different degrees during the mixing of 
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toxin and antitoxin. In the case of serum 3111, it may be assumed 
that this serum is composed of antitoxin molecules which are able 
to combine with the toxin .molecules in only one way, so that a 
mixture of given amounts always will leave a certain amount of 
toxin D;ee. It is impossible, from the experiments on hand, to 
conclude whether this phenomenon may be related to the flatter 
course of the curve : free toxin/antitoxin . 

.An important practical result of these considerations is that 
the error of mi:ci~g toxi1~ and antito:cin must be taken into consi
deration when estimating the error of antitoxin assays. One 
conclusion is that, for certain sera, greater accuracy is obtained 
when injecting each animal with a separately prepared mb:ture 
than when a group of animals is injected with the same mixture. 

2 + . 
In the first case, the variance is L-.!:., in the latter case it is 

~ n 
(L 

2 + -. Thus in certain cases the error of the assay cannot be less n 
than the quantity (L , even if thousands of animals were to 

~ Vno 
be injected with the same mixture of toxin and antitoxin. 

The error of the titer (sm) is determined by the error of D
5 

for 
both the standard (8'0 .) and the serum (s•

0
,) to be assayed, or 

82m = (B'o,)2 + (B"o,)B (9) 

On the average, three doses out of five gave response, so that 
nn in equation (7) may be put equal to 3. Table 9 gives this error 
of the titer together with the values of 4m to be expected when 
two doses give response. 

A standard error of 5.5% was obtained in the large investigation 
(1) in which five institutes, using praetically the same experimental 
procedure, evaluated a number of sera with the same standard 
toxin. This value lies very close to our computed value. 

Table 9. 

EXPECTED STANDARD ERROR 013' TITER TESTED WITH ONE TOXIN 

Serum Three doses responding Two doses responding 
Log error Percent age _error Log error Percentage error 

3111 0.0195 4.6% 0.0238 5.6% 4101 0.0211 5.0% 0.0260 6.2% III 0.0219 5.2% 0.0268 6.4% 
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5. COMPARISON OF THE POTENCIES OF ANTITOXINS . 

ASSAYED WITH SEVEN TETANUS TOXINS 

Having established an exact method of computing the titers, 
and having estimated the possible error of the titers, we can now 
return to the main objective of the investigation- viz., a comparison 
of the potencies of the three sera determined with each of the seven 
toxins prepared by the same method. 

Table 10 gives these titers in international .AU per 1 cc. 
The standard deviation of the titer is calculated from the logarithmic 
values for each of the sera and, .finally, a mean standard deviation 
is recorded. 

'fable 10. 

TrrER OF TlillEE TETANUS SEliA DETERIIWIED WITH SEVEN Toxms 

AND THEI.R STANDARD DEVIATION 

Toxin Serum 3111 I Serum 4101 

B 75.5 62.5 
c 78.0 51.5 
F 89.5 59.5 
llf 76.5 60.0 
s 80.0 63.0 
u 80.0 60.5 
w 75.0 63.0 

Geometric mea.n 78.9 59.8 
Log. sta.nda.rd devia.-

tion 0.0269 0.0314 
Percentage standard 

deviation 6.4% 7.5% 

Log mean sta.nda.rd deviation 0.0262 
Percenta.ge mean sta.nda.rd devi~ 6.2% 

Serum III 

5110 
5280 
4670 
5140 
5130 
4900 
5220 

5060 

0.0186 

4.3% 

Table 10 leads to the conclusion that the seven toxins are of 
the same antigenic quality since it is possible to obtain titers of the 
three sera which do not differ more than titers obtained with the 
same toxin .. 
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.A comparison of these results with data on the accuracy of 
the assays of tetanus antitoxin obtained in previous investigations 
makes it possible. to establish the following limits of error (P 0.99) 
of assay under various conditions : 

.Assay with one and the same toxin ·. 
.Assay with toxins prepared by the same strain 
.Assay with toxins of various origin . . . . . 

Limits or error 

87%-115% 
86%-117% 
73%-137% 

6. THE RATIO OF DIRECT AND INDIRECT TOXICITY 

The seven toxins in question have so far shown identical qua
lities in all tests to which they have been subjected. A considerable 
difference was found, however, in the purity of these toxins expressed 
in the dfrcct toxicity per mg. of dried preparation (mice). It should 
therefore be of interest, as mentioned in the introduction, to include 
a comparison of the ratio of direct and indirect toxicity, a quantity 
which is often referred to as the degree of " toxoiding ., . 

We shall have to compute this ratio from the m.I.d. for mice and 
the test dose L+/5. Both values were determined on the same 
lot of mice, m.l.d. with the accuracy of about 10% and L+/5 with 
the accuracy of 4 %-

Tablo 11 

RATIOS 01!' DmECT A.ND lNDmECT TOXICITY OF THE SEVEN TOXINS 

Toxin m.l.d. L+/5 

I Toxicily mg. mg. ralio 

B 0.00023 0.41 1780 c 0.000069 0.12 1740 
F 0.0076 . I 3.16 415 
M 0.00029 I 0.47 1620 s 0.00032 I 0.63 1970 u 0.00038 I 0.47 1240 w 0.00027 j 0.52 1930 

. It ~~pears from Table 11 that the toxins, besides being different 
m toxrcrty per unit of weight, also are different in their toxicity 
per unit of antitoxin-combining power. Although the toxicity 
ratios of the toxins B, O, M, Sand W show good agreement, toxins U 
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and, particularly, F show significantly deViating· values- i.e. ·the 
toxicity · ratios ·of these two toxins exhibit . a greater · diffc:enCEl 
from the mean of the other five toxins than we should expect from 
the error of assay. Since it was impossible to demonstTate any 
difference of the toxins in the antitoxin assay, it may be concluded 
that the difference found in the toxicity ratio has no bearing upon 
the quality of the toxin in its use as a test toxin in antitoxin assays. 

DISCuSSION AND CONCLUSIONS 

In 1938, the Permanent Commission on Biological Stan~ardisa
tion (6) reached the following conclusions on the basis of several 
investigations : 

(1) That the discrepancies observed in the titration of 
tetanus antitoxin in different laboratories are intrinsic to the 
reagents and are in no way due to lack of precision of the met~ods 
employed; 

(2) That the factor which exerts the greatest influence 
on the precision of the assay is the toxin used ; 

(3) That the variation of the results obtained in different 
laboratories is due to qualitative differences in tetanus toxins 
and antitoxins. 

The problem of the or1gm of these qualitative differences in 
toxins, and the question of how to describe these properties, are 
the main objects of the present paper. It seems probable that the 
diiierence between the toxins is not entirely capricious, since it 
was possible in seven laboratories to produce toxins of the same 
quality when the same strain was used. It n:i.:ight be anticipated 
that the modification in the technique...:..._ e.g., in the composition 
of the medium - would influence the quality o.f the toxin, but 
it is of interest to note that a method has been proposed which 
should make it possible to furnish test ·toxins of the same qual!ty 
to all laboratories concerned with the assay and control of tetanus 
antitoxin. 

The herementioned experiments show that toxins produced 
with the same strain are alike, not only in the qualities revealed 
by the antitoxin assay; but also in other respects- e.g., in their 
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toxicity to rabbits and mice. This fact supports the assumption, 
not entirely proven, that the strain is of predominating importance 
for the quality of a. tetanus toxin. The observation should lead 
to some sort of typing of the strains of Bac. tetani with respect to 
the toxin, and it is possible that the rather simple method of a 
comparison of the direct toxicity in rabbits, mice or other animals 
might furnish the basis of such a typing. 

This form of typing Bao. tetani cannot be expected to follow 
the typing created by TULLOCK (9), who used, exclusively, the 
agglutination method and thus referred to a somatic property of 
the bacillus. 

Still, the problem of assaying tetanus antitoxin is not entirely 
solved by typing the toxins. The manifest difference in the quality 
of the antitoxins which is revealed, for example, by a determimition 
of the slope of the toxin-combining curve, makes the result of the 
assay to a certain degree dependent on the method of reading, 
particularly of the end-point reaction used for comparison with the 
standard. The question arises, therefore, whether it is at all possible 
to express the properties of a tetanus antitoxin by a simple indication 
of units per cubic centimetre. 

* * * 
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Appendix 

TABLE OF /(T) 

FOR MICE INJECTED INTRAVENOUSLY .WITH TETANUS TOXIN 

T = death time in hours. 

[( 
10.3 )2 l 

j(T) = log ; _1 . + 1 _ 

T f(T) T {(T) T f(T) I T f(T) I T f(T) T f(T) T f(T) I T 

10 3.21 29 1.21 48 o. 72 67 0.47 86 0.33 105 0.24 124 0.18 143 
11 2.88 30 1.18 49 0.70 68 0.46 87 0.32 106 0.23 125 0.18 144 
12 2.64 31 1.14 50 0.69 69 0.45 88.0.32 107 0.23 126 0.17 145 
13 2.44 32 1.11 51 0.67 70 0.44 89 0.31 108 0.23 127 0.17 146 
14 2.28 33 1.08 52 0.65 71 0.43 90 0.31 109 0.22 128 0.16 147 
15 2.15 34 1.05 53 0.64 72 0.43 91 0.30 no 0.22 129 0.16 148 
16 2.03 35 1.02 54 0.63 73 0.42 92 0.29 111 0.22 130 0.16 149 
17 1.93 36 0.99 55 0.61 74 0.41 93 0.29 ll2 0.21 131 0.16 150 
18 1.84 37 0.96 56 0.60 75 0.40 94 0.28 ll3 0.21 132 0.16 151 
19 1.76 38 0.93 57 0.58 76 0.39 95 0.28 ll4 0.21 133 0.16 152 
20 1.68 39 0.91 58 0.57 77 0.39 96 0.27 ll5 0.20 134 0.15 153 
21 1.63 40 0.89 59 0.56 78 0.38 97 0.27 ll6 0.20 135 0.15 154 
22. 1.55 41 0.86 60 0.55 79 0.37 98 0.27 117 0.20 136 0.15 155 
23 1.50 42 0.84 61 0.53 80 0.37 99 0.26 us 0.20 137 0.15 156 
24 1.44 43 0.82 62 0.52 81 0.36 100 0.26 119 0.19 138 0.15 157 
25 1.39 44 0.79 63 0.51 82 0.35 101 0.25 120 0.19 139 0.15 162 
26 1.34 45 0.77 64 0.50 83 '·"!"' 0.25 121 0.19 140 0.14 
27 1.30 46 0.76 65 0.49 84 0.34 103 0.24 122 0.18 141 0.14 
28 1.26 47 0.74 66 0.48 85 0.33 104 0.24 123 0.18 142 0.14 

f(T) 

0.13 
0.13 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
o.n 
o.n 
o.n 
0.11 
0.11 
0.11 
0.11 
O.ll 
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Figure 1. 

REACTION CURVES OF STANDARD SERUM AND SERUM 3111 

l\Iixtures of the same dose of toxin and varying doses' of antitoxin 
are injected into groups of mice. The mean death time (T50) of each 
group is transformed into the function f (T50) which is proportional 
to the logarithm of free toxin. f (T50) is plotted against log (serum 
dose) and the curves obtained from the experiments with different 
toxins are parallel-displaced along the axis of abscissre in such a 
way that the logarithm of the serum dose giving a mean death time 
of 120 hours (D5) is represented by the same abscissa for all curves. 

It should be noted that the slopes of the reaction curves of the 
two sera are different, and that the reaction points (T50) deviate 
more from the reaction line in the case of the standard serum than 
they do in the case of serum 3111. 
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ON THE STANDARDISATION 
OF AFRICAN VIPER (" BITIS ARIETANS '') 

AND 
CAPE COBRA (" NAIA FLAVA ") ANTIVENENES 

by 

E. GRASSET 

Head of the Serum Department, the South.African Instituto for Medical Research, 
Johannesburg. 

In October 1938, the Permanent Commission on Biological 
Standardisation suggested that the possibilities of standardising 
antivenenes other than the anti-European viper serum should be 
investigated.! Accordingly, our research work has been directed 
towards the standardisation of the serum a.gainst the venom of the 
African viper, Bitia arietana (puff adder), our assays being based 
on the method of BANIC and L.TtmETic12 as modified by IPSEN.3 

Satisfae.tory results having been obtained, we have applied the same 
method to the assay of Cape cobra antiserum and of the polyvalent 
viper-cobra antivenene which is prepared at the South-African 
Institute for Medical Research. 

1. AsSAY OF TBE MONOVALENT "BITIS ARIETANS 11 ANTISERUM 

The serum submitted to titration originated from a horse im
munised early in 1935 by means of Bitis arietans anavenom, the 
bleeding being carried out in April of the same year. One part 

1 Report of the Permanent Commission on Biological Standardiaation. Bull. 
Health. Org., 1938, 7, 683. 

2 M. BANIC and T. LroBETIC: "Die Titration eines Serums gegen Sohlangengift 
an Maiisen (Serum antivipera ammodytes)." Zeitachr. f. Hyg., 1938, 120, 390, 

3 J, IPsEN : Progress Report on the Possibility of standardising Anti.snake· 
venom Sera. BuU. Hedth Org., 1938, 7, 785. · 
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of this serum was desiccated whilst the other was kept liquid 
without addition of any antiseptic, and in the dark at 2o to 4o c: 
In the assays we performed in the course of recent years, this same 
serum has been regularly used as standard. 

In order to avoid possible variations of toxicity between samples 
of venom from various animals of the same species and to enable us 
to work for several years under conditions remaining as similar as 
possible, we have made use of a Bitis a1-ietans standard venom. 
At a previous meeting of the Commission, we had already emphaBised 
the importance which attaches, in the standardisation of anti
vencncs, to the use of a standard venom. This view was shared 
by Ipsen in the report. he submitted to the Commission on the possi
bility of standardising anti-snake-venom sera.l 

This standard venom, the weight of which amounted to about 
~0 g., was obtained by mixing various samples of dried venom from 
some 130 specimens of Bitis arietans captured in the Cape Province, 
the Transvaal, the Orange Free State and Natal. .After powdering, 
it was distributed into ampoules and kept in the dark. 

The quantity of standard venom necessary for the assays was 
weighed and dissolved in 9 per mille saline, so as to obtain a mother 
solution containing 10 mg. venom per cc. 

This mother solution was kept for an hour at room temperature 
during which time the main part of the insoluble substances, which 
are always present in Bitis arietans venom, settled at the bottom 
of the container. The venom solution was then centrifugalised. 
Thanks to this procedure, we succeeded in practically eliminating 
the deaths due to shock which occur when venom still containing 
insoluble particles is introduced by the intravenous route. The 
dilutions needed for the assays were obtained from the mother 
solution. In all our experiments, the venom was utilised ·within 
a few hours after dissolving. 

The certainly lethal dose was established by injecting intra
venously into mice weighing 20 g., and originating from the same 
batch, increasing quantities of standard venom contained in a 
constant volume of 0.5 cc., the difference between the doses 
amounting to 0.01 mg. of venom. 

1 J. IPsEN: Loo. cil. 
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Repeated assays, in which up to 10 mice were sometimes used 
for the same qose, showed that, for the standard venom of Bitis 
arietan~, the dose killing all mice within 5 to 7 hours was 0,02 mg. 
The animals succumb with asphyctic symptoms, sometimes accom
panied by uncq-ordinated movements and convulsions.. Shortly 
before death, the expulsion of a sangninolent liquid through the 
respiratory tract may be observed. . Smaller doses of venom, such 
as 0.018. or 0.016 mg., may bring about the death of a certain pro
portion of mice i!l from 4 to 48 hours ; with 0.012 mg. all 
survive. 

According to Ipsen's modification of the method of Banic and 
Ljubetic, we assayed the Bitis arietans antiserum at various levels 
and plotted the result of each observation in a graph, the ordinates 
of which represent the volumes of serum {in cc.) and the abscissre 
the quantities of venom (in mg.) contained. in the mixtm·es. The 
latter are brought to a voluine of 0.5 cc. by addition of 9 per mille 
saline. After one hour's contact at 370 C., they are injected intra
venously into mice weighing 20 g. Comparative tests in which 
the mixtures were administered either at once or after one 
hour's contact either at room temperature or at 37o C. showed 
that it is the latter technique which gives the most regular 
results. 

The period during which the results - death or survival- were 
noted was 48 hours; a shorter observation period (30 minutes) had 
been adopted for the aasays pertaining to the standardisation of 
the anti-European-viper serum, but, in the case of theBitis arietans 
antiserum, our experiments showed that much advantage could be 
derived from the adoption of a considerably longer period. The 
deaths occurring after 48 hours would not appear to. influence 
the results to any considerable extent. 

The procedure follo,ved was : 

1. Establishment of a graph in which the result for each mouse 
is plotted in a system of co-ordinates, the abscissre of which repre
sent the quantity of venom and the ordinates the volume of serum 
contained in the injected dose. 

2. Determination of the certainly lethal dose of venom. This 
value is obtained as indicated above, the quantities of venom used 
varying between 0.016 and 0.022 mg. We have already seen that, 
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for the Bitis atietans standard venom used, the c.l.d. was 
0.02 mg. 

3. Injection into mice of mixtures containing a fixed dose of 
serum (0.4 cc. which corresponds to the highest level included in 
the graph) and of increasing quantities of venom: 0.1 mg., 0.15 mg., 
0.2 mg., 0.25 mg., 0.3 mg., 0.35 mg., 0.4 mg., 0.5 mg. ; each mixture 
is injected into two mice. The amount of 0.4 cc. o! serum is the 
largest qua~tity which can be used if the constant volume of 0.5 cc. 
of the mixture which is taken as the maximum dose of liquid to be 
injected intravenously into mice is not to be exceeded after the 
venom dilutions have been added. 

4. Establishment of a preliminary neutralisation line obtained 
by joining the point of the abs<?issa which corresponds to the cer· 
tainly lethal dose of venom with the point which in the series of 
serum-venom mixtures is the nearest to neutrality. In the assay 
concerned, this latter point is given by the mixture containing 
0.4 cc. of serum and 0.25 mg. of venom, since, with that mixture, 
one out of two mice injected survived, whilst the other died in 
36 hours. 

5. Titration of various serum-venom mixtures corresponding 
to several levels of the ordinate, for example : 0.30, 0.20, 0.10 
and 0.05 cc. of serum. These doses of serum are mixed with quan· 
titics of venom selected according to the graph so as to correspond 
to co-ordinates joining in the immediate vicinity and on both sides 
of the preliminary neutralisation line. 

6. Plotting on the graph the results of these assays ; it is thus 
possible to draw the final neutralisation line which separates at 
the various levels the animals which survived from those which 
died. 

For the Bitis arietans antiserum a-ssayed, the joining of the 
points nearest to neutralisation (one mouse having died out of two) 
at various levels gives a straight line which practically coincides 
with the preliminary neutralisation line. 
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Graph No 1. 
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7. Computation of the serum titre according to the formula 
of Banic as adapted by Ipsen. The use of this formula excludes 
the natural resistance of the test animal, a factor which can be 
responsible for the neutralisation of the main portion (about four
fifths of 1 c.l.d.) of the venom introduced. The formula is as 
follows: 

Quantity of venom 
neutralised by 1 cc. 

of antivenene 

Amount of venom -1 c.I.d. 
Amount of serum- doseS 1 

S 1 representing the dose of serum which protects the mouse against 
1 c.l.d. of venom. 
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For the calculation of the neutralising power of an antivenene, 
· assayed at valious levels, two points situated on the neutralisation 
line are selected. The difference between the corresponding 
quantities of venom is divided by the difference between the 
corresponding doses of serum. The figure thus obtained gives 
the neutralising titre of the serum expressed in mg. of venom 
per cc. of serum. 

Thus, for the Bitis arietans monovalent antiserum, by introducing 
in the formula the results corresponding to the 0.2 and 0.4 cc. serum 
levels, the titre will be equal to : 

0.225 - 0.125 = 0.1 = O 5 a 
0.4 - 0.2 0.2 · m.,. 

1 cc. of serum accordingly neutralises 0.5 mg. of venom. 

By introducing in the formula the figures corresponding to the 
various titration levels, according to the possible combinations, the 
following results are obtained : 

0.225 - 0.175 
0.4 - 0.3 
0.225- 0.08 
0.4 - 0.1 
0.175 - 0.125 
0.3 - 0.2 
0.175- 0.08 
0.3 - 0.1 
0.125- 0.08 
0.2 -0.1 

= 0.05 = 0.5 mg. 
0.1 

- 0.145 = 0.483 
0.3 

0.05 = 0.5 o.r 
= 0.095 = 0.475 

0.2 

= 0.045 = 0.45 
0.1 

The extreme. values being 0.45 mg. and 0.5 mg., the difference. 
between them is 1()%. The mean titre calculated from the com
plete set of results is 0.481 mg . 

.An analysis of these computations shows that a similar result 
-viz., 0.5 mg. -is arrived at when the neutralisation points corre
sponding to the levels 0.4, 0.3 and 0.2 cc. of serum are considered. 
Divergences appear, however, if the neutralisation point correspon
ding to the lowest level - namely, 0.1 cc. of serum - is embodied 
in the calculation. The theoretical neutralisation point for this 
level, obtained by prolonging the neutralisation line traced for the 
higher levels, corresponds to 0.075 mg. of venom - i.e., a point 



482 AFRICAN VIPER AND CAPE COBRA ANTIVENENES 

situated at equal distance between the result obtained experi
mentally (0.08 mg.) and that given by the mixture containing 
0.07 mg. of venom. 

By substituting in the above calculations the theoretical f!gure 
of 0.075 mg. for the experimental value of 0.08 mg., a uniform . 
titre of 0.5 mg. is obtained, irrespective of the· points on the neu
tralisation line which are taken into account. 

Thus, for example: 

0.175- 0.075 
0.3 - 0.1 

0.1 0 5 --=.mg. 
0.2 

Thus, the difference between the experimental and the theore
tical result does not exceed 0.005 mg. 

Having regard to the experimental factor - which is particularly 
important when dealing with antivenenes- and the small number 
of mice (2) receiving each mixture, the divergence of 10% observed 
at one level out of four does not appear excessive. It is even 
reduced to 4.8% if the mean of the various assays (0.481 mg.) is 
taken as the final titre. 

As the scale of mixtures selected for the assay at the lowest 
level (0.1 cc. of serum) is already very narrow- the increase in 
the quantity of venom from one mixture to the other being only 
0.01 mg. -the divergence observed could be eliminated only by 
the use of a still narrower scale of mixtures, differing between them
selves by 0.005 mg. of venom. From the practical viewpoint, it is 
questionable whether the appreciable increal!e in laboratory animals 
and reagents that such a procedure would entail could be 
justified. 

These experimentl! show that the Banic and Ljubetic method, 
al! modified by Ipsen, which was proposed for the assay of the Euro
pean viper antiserum, is applicable to the titration of the African 
viper (Bitis arietana) antiserum. When effected by means of 
the formula established by these authors, the computation of 
the titre of the serum furnishes an exact determination of its 
neutralising properties expressed in mg. of venom per cc. of 
serum. 
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2. .ASSAY OF THE "BITIS ARIETANS" .i\.,.'ITIBODY 

CONTAINED IN POLYVALENT 

"BITIS ARIETANS-NAIA FLAVA" ANTIVENENE 

The satisfactory . results described above induced us to apply 
the same method to the assay of the viper antibody contained 
in the concentrated and purified Bitis arietans-Naia {lava anti
vcnene prepared at the South-African Institute for Medical 
Research. 

This serum is obtained from horses immunised and re-immunised 
by means of formalised Bitis arietans and Naia flava anavenenes, 
according to the technique we described in 1931 1 and have followed 
since then for the prepar~tion of this serum 2. 

The concentration of the serum is effected by .fractional preci
pitation, the proportion of viper and cobra antibodies thus obtained 
being from three to four times greater than in the original serum, 
as we have been able to show 3• 0.2% of chinosol is added to 
the serum. 

For the titration of the viper antibody contained in the poly
valent serum S. 2732, prepared on March 3rd, 1939, we used the same 
technique aa that followed for the assay of monovalent Bitis arietans 
antiserum. 

In order to obtain an idea of the regularity and accuracy of 
the results in the case of a concentrated polyvalent serum, we made 
use of more extended scales of mixtures than would be necessary 
in practice. The mixtures were kept for one hour at 37° C. and 
then injected intravenously into mice weighing 20 g., the observation 
period being 48 hours. 

1 E. Gru.sSET and A. ZOUTENDYK : • Methode ra.pide de preparation de serums 
antivenimeux polyvalents - antiviperides et cobrns - n.u moyen des anavenins 
formoltls. • O.R. Soc. de Biol., 1932, 111, 432. 

2 E. Gru.ssET and A. ZoUTENDYK: "Detoxication of Snake Venoms and the 
Application of Resulting Antigens to Rapid Methods of Antivenomous Vaccination 
and Serum Production." Brit. JZ. Ezp. Path., 1933, 14, 308. 

a E. GBABSET : " Concentration of Polyvalent African Antivenom Serum." 
TraM. R. Soc. Trap .. M etl. and H yg., 1932, 26, 267. 
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The result.s of this assay arc plotted in the following graph : 
Graph No 2. 
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From this graph it appears that, for the concentrated polyvalent 
serum, all in the calle of the monovalent serum, the method at various 
levels applied to the titration of the pseudoglobulin makes it 
possible to establish a neutralisation line. Actually, for the serum
venom mixtures corresponding to the four levels considered, the 
points closest to neutrality are arranged on. both sides of that 
neutralisation line. 

The titre of the serum obtained by introducing in the' above
mentioned formula the neutralisation points determined for two 
different titration. levels (0.4 and 0.2 ce. of serum) is : 

0.9 - 0.5 0.4 2 
0.4 - 0.2 = "0:2 = mg. 
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l!'urther, the absolute titre can be calculated as follows by select
ing any two points on the neutralisation line : 

0.7- 0.15 0.55 2 2 
= 0.25 = · mg. 0.3- 0.05 

There is therefore a divergence of 10% between the calculated 
titre and the experimentally determined titre. 

This experiment shows that the modified Banic method is 
applicable, with a satisfactory degree of accuracy, to the assay 
of the Bitis antibody contained in the purified pseudoglobulin of 
a concentrated polyvalent viper-cobra antivenene. 

In the assay, extended scales, both of serum and venom (up to 
45 c.l.d.), were used; this tends to reduce to a minimum the 
probabilities of errors, such as those linked with the use of small 
doses of venom or serum ; further, the method applied eliminates 
the role played by the natural and individual resistance of the test 
animals. 

In order to reduce to a minimum the number of animals required, 
we carried out titrations by the same technique, but using one mouse 
only for each mixture. In this way, from 20 to 25 animals were 
required instead of 50. 

A first assay at a high serum level, such as 0.3 or 0.4 cc., enables 
the preliminary neutralisation line to be drawn. The second assay, 
performed 48 how·s later, is made at fow· or five levels (including 
that selected for the preliminary assay) with short scales of mixtures 
chosen so as to correspond to points situated in the immediate 
vicinity of the preliminary neutralisation line. 

By means of these two successive assays, it is possible to titrate 
within four days the neutralising power of a commercial con
centrated polyvalent Bitis a1-ietaw - N aia flava antiserum, the degree 
of accuracy reached being practically the same as iu the Calle of a 
monovalent serum. 

3. AsSAY OF THE MONOVALENT "NAJA FLAVA 11 ANTISERUM 

We further endeavoured to ascertain whether the modified 
Banic method was applicable to the titration of a monovalent 
Naia flava antiserum. Our experiments were made with the Sllrum 
of horse 322, bled on December 12th, 1938. This serum was to 
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replace our former standard serum, the stock of which was nearing 
exhaustion. The horse had been immunised with Naia flava 
ana venom, formolised at 0.8% and detoxicated in Martin's broth, 
according to the procedure we described 1• 

The venom used in this assay was a standard Naia flava venom 
prepared in 1936 ; the stock, amounting to some 20 g., had been 
obtained from over 150 specimens captured during 1934 and 1935 
in Southern Africa. This venom, a.fter powder.iJ1g, was distributed 
into ampoules and kept ill the da.rk. It served in all the stan
dardisation exper.iJnents we carried out during the last five years. 
Its activity, assessed by the minimum lethal dose for a mouse or 
in terms of the standard serum, remained unchanged th1·oughout 
the period (1939-1940) during which our research work was carried 
out. 

Our experiments were made along the same lines as those 
followed for the titration of the Bitis al"ietans antiserum : deter
mination of the c.l.d. of cobra venom -viz., the assay of the serum 
at various levels and the drawillg of a neutralisation line ; one 
hour's eon tact at 37o C., intravenous illjcction of 0.5 cc. of each 
mixture illto two mice weighillg 20 g. ; an observation period of 
4.8 hours. 

Using venom doses, differing from one another by 0.001 mg., 
a.nd illoculating 10 mice per dose, we ascertained that the c.l.d. 
was 0.013 mg. (death withill 5-7 hours). 

In the prelimillary assay, the mixtures contailled 0.3 cc. of 
serum and venom doses illcreasing from 0.04 mg. to 0.12 mg. The 
neutralisation point was approximately reached with the mixture 
containing 0.09 mg. The preliminary neutralisation line was 
obtained by joining this point with the point on the abscissa cor
responding to 1 c.l.d. of venom- i.e., 0.013 mg. 

The subsequent assays were made at various levels -
viz., 0.05, 0.1, 0.2, 0.3 ce. of serum - the mixtures being so 
selected as to yield results on both sides of the neutralisation 
line . 

• 
1 

E .• Gru.ssET and A. ZouTENDYX: "Methode rapide de preparation do serums 
antiverumeux polyvalenta - antiviperides et cobras - au moyen des anavenins 
formoles." O.R. Soc. de Bioi., 1932, 111, 432. 
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For the assays performed at the levels of 0.3, 0.2 and 0.1 co. 
of serum, the amount of venom increased by 0.005 mg. from one 
mixture to another ; for the assays at the 0.05 co. serum level, the 
venom increase was only 0.0025 mg. 

The following graph shows that, for the Naia flava antiserum, 
as was the case for the Bitis arietans antiserum, the neutralisation 
line obtained separates the surviving animals, shown on the left 
of the line, from those which died, shown on the right ; and this 
holds good whatever be the level of the assay. 

Graph No 3. 

c. c. 
SERUM 

Ll 

• ... 

0= > 48h 

0= 2h-4ah 

•= l!0'-2h 

....... "'-l!O' 

SIJNHili41077 

0.15 mg. 
VEN. NAJA FZAVA 

In order to judge of the accuracy of the method, we made a double 
series of calculations : one based on· the mixtures with which 60% 
of the test animals survived and the other based on the mixtures 
containing the largest dose of venom consistent with 100% 

survivals. 
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f ul t ·oned above is applied to the mixtm·es wit.h 
If the orm a men 1 • . • • 

which 50% of the animals survive, the following combmatlOUS of figm es 

are possible: 0.095- 0,07 
0.3 - 0.2 
0.095- 0.04 
0.3 - 0.1 
0.095 - 0.0275 
0.3 - 0.05 
0.07 - 0.04 
0.2 - 0.1 
0,07 - 0.0275 
0.2 - 0.05 
0.04 - 0.0275 
0.1 - 0.05 

= ~ = 0.25mg. 
0.1 

- 0.055 = 0.275 
- 0.2 

-~=0.27 
- 0.25 

-~=0.3 
- 0.1 

0.0425 
=015 0.28 

0.0125 0.25 = o.o5-
llleam, tit1'e : 0.2709 mg. 

For the mixtures consistent with 100% survivals, the combin-

ations are : 0.09 - 0.065 0.025 0 2~ ·o.3-....:-([2- = -o:r- = · 0 mg. 

0.09 - 0.04 = 0.05 = 0.25 
0.3 - 0.1 0.2 
0.09 - 0.025 = 0.065 = 0.26 
0.3 - 0.05 0.25 
0.065 - 0.04 = 0.025 = 0.25 
0.2 - 0.1 0.1 
0.065 - 0.025 = 0.04 = 0.266 
0.2 - 0.05 0.15 
0.04 - 0.025 = 0.015 = 0.3 
0.1 - 0.05 0.05 

Mean titre: 0.262 mg. 

In both series, the extreme values for the various levels con
sidered are 0.25 and 0.3 mg. - i.e., a difference of 16.7 %· 

The mean titre derived from the six combiD.ations of figures 
in each series is 0.2709 mg. for the 50% survival series, and 0.262 mg. 
for the 100% series. The difference between these mean titres is 
therefore 0.089 mg. (3.21 %). 

If we calculate the theoretical value representing the absolute 
titre, irrespective of the point considered on the neutralisation 
line, we obtain 0.275 mg. for the line I corresponding to 50% 
survivals. For this same series, the mean titre obtained from the 
various assays is 0.2709 mg. This titre is therefore practically iden
t.ical with the absolute value deduced from the neutralisation line. 
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For the series with 100% survivals, the absolute titre is 0.26 mg. 
and the mean titre deduced from assays carried out at four levels 
is 0.262 mg. (line II). Here again, the titre obtained experimentally 
tallies for all practical purposes with the absolute titre. 

These experiments show that the modified Banic method is 
applicable to the assay of anticobra serum (Naia flava) as it is 
to that of. antiviper serum. The neutralising power of the serum 
is expressed in mg. of venom per cc. of serum. 

4. .ASSAY OF THE " N AlA FLA VA " .ANTIBODY CONTAINED 

IN THE CONCENTRATED POLYVALENT 

"BITIS A.RIETANS-NAIA FLAVA" .ANTIVENENE 

The assay of the N aia antibody contained in thi~ polyvalent 
serum was performed according to the same method. Let us give 
as an example the titration of serum S. 2732 -i.e., of the serum 
the Bitis antibody contents of which was assessed above. 

c. c. 
SERUM 

0,1 

Graph No 4. 

0.1 

Ll 

• • 

0=) 4&h 

0=2h-4&h 

•=l!0'-2h 
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The titration was made at five different levels (0.05, 0.1, 0.15, 
0.2 and 0._3 cc. of serum) and the amount of venom incrca~ed from 
one mixture to another by 0.01 mg. 

As in the case of the monovalent serum, we effected ·a double 
calculation, one ba~ed on 50%, the other on 100% survivals. 

Titre based on mixtures giving 50% survivals. 
0.24- 0.16 
0.3 - 0.2 
0.24- 0.09 
0.3 - 0.1 
0.24- 0.05 
0.3 - 0.05 
0.16- 0.09 
0.2 - 0.1 
0.16- 0.05 

o:-2 - o.o5 
0.09- 0.05 
0.1 - 0.05 

= 0.08 = 0.8 
0.1 

= 0.15 = 0.75 
0.2 

= 0.19 = 0 76 
0.25 . 

= 0.07 = 0.7 
0.1 

= ~:i!- = 0.733 

= 0.04 = 08 
0.05 . 

.iliean titre: 0.757 mg. 

Titre basecl on. mixtu1·es giving 100% stwvit,als. 
0.2.3 - 0.15 0.08 
0.3 - 0.2 = o:r- = 0.8 
0.23 - 0.12 0.11 
0.3 - 0.15 = 015 = 0.733 
0.23 - 0.08 0.15 
0.3 - 0.1 = '0:2 = 0.75 
0.23 - 0.04 0.19 
0.3 - 0.05 = '"'0:25 = 0.76 

0.15 - 0.12 = ~ - 0 6 
0.2 - 0.15 0.05 - . 
0.15 - 0.08 = ~ - 0 7 
0.2 - 0.1 0.1 - . 
0.15 - 0.04 0.11 
0.2 - 0.05 = 0.15 = 0.733 
0.12 - 0.08 0.04 
0.15 - 0.1 = 0.05 = 0.8 
0.12 - 0.04 0.08 
0.15 - 0.05 - o:r- = 0.8 

.J!:_08 - 0.04 0.04 
o.1 - -o:-o5 = o:os = o.8 

Mean titre: 0.7476 mg. 
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For the 50% survivals series, Lho mean titre is 0.757 mg. and the 
absolute titre, calculated from the points corresponding to the 
levels 0.3 and 0.05 cc. of serum, is 0. 76 mg. The difference of 
0.003 mg. (0.4%) between these two results is practically negligible. 

For the 100% survivals series, the mean titre, deduced from 
the ten experimental results, is 0.7476 mg., whilst the absolute 
titre calculated from the points on the neutralisation line corre
sponding to the levels 0.3 a.nd 0.15 cc. of serum is 0. 733 mg. -
i.e., a difference of 0.0146 mg. (2.4%). 

These computations show that the titre offering the highest 
degree of accuracy is, as might logically be expected, that given by 
the series with 50% survivals, for which the divergence between 
the mean and absolute titres is only 0.4%-

The neutralising power of the Naia antibody contained in the 
concentrated polyvalent Biti8 arictans-Naia flava.antlvenene can 
therefore be assessed by the method of assay at various levels. 
The titre thus obtained expresses the number of mg. of Naia flava 
venom neutralised per cc. of serum. 

CONCLUSIONS 

The following conclusions can be deduced from the experiments 
undertaken with a view to determining whether the method of 
Banie and Ljubetie as modified by Ipsen and proposed by the 
Permanent Commission on Biological Standardisation for the a.ssay 
of European viper antiserum could be applied to the standardisation 
of .African viper and Cape cobra antivenenes : 

1. By mea.ns of this method of assay at various levels, it 
is possible to titrate with satisfactory accuracy the neutralising 
power of the monovalent African viper (Bitis arietans) anti
serum and to assess the amount of Biti8 antibody contained 
in the polyvalent viper-cobra antivenene. 

2. The method can also be applied with satisfactory accu
racy to the titration of the monovalent Naia flava antiserum 
and of the amount of Naia antibody contained in the poly
valent viper-cobra antivenene. 

3. Thus it is possible, by means of this method, to assess 
the amount of .African viper and Cape cobra antibodies contained 
in the polyvalent antivenene prepared by the South-African 
Institute for Medical Research. 


