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PREFACE

The following report deals with an investigation organized by the
Department of Health for Scotland with the co-operation of the Local
Authorities of Edinburgh, Glasgow, Dundee, and Aberdeen, and with
that of the Hannah Dairy Research Institute. The work was aided by
a grant from the Empire Marketing Board.

The findings, although they refer in particular to Scottish condi-
tions, have obviously also a more general application. The Medical
Research Council are accordingly glad to have the opportunity of
publishing the report in this series, to assist in making the information

widely available.

Mepican REsEarcH CouxNciL,
38 Old Queen Street,
Westminster, 5.W.1. 11th Oclober, 1983.



TUBERCULOUS INFECTION IN MILK

A REPORT BY THE DEPARTMENT OF HEALTH FOR
SCOTLAND
Tars inguiry was designed to determine the extent of infection in
different kinds of milk in selected areas of Scotland. The samples,
which amounted to a very appreciable nunber, included raw milk
sampled on arrival in the cities; heat-treated milk; milk as sold to
the consumer, and graded milk.

The same ligid technique was observed in each area, and the
results show (Chap. 7) the necessity for a standard technlque if
comparability of resalts from separate investigations is to be obtained.

The report shows that (1) in the aggregate of the four cities 10 per
cent. of the samples of ‘raw milk in churns’ were infected ; (2) bulking
of milk inereased the infection: (3) heat-treatment reduced it; and
(4) the general rate of infection of retailed milk i1s estimated at a
little above 5 per cent. In 714 samples of Certified and Grade A (T.T.)
Milks one positive sample was found. These findings are discussed in
detail in tlie body of the report.

The Department recognize that the record eards—see Appendix E
—contain information on which, if thought desirable, other and further
investigations might be based. They are also aware that some of the
data presented in the report relate to controversial issues and that
emphasis placed on findings may well depend on individual points
of view.

The cost of the Inquiry was met partly by the Local Authorities of
Aberdeen, Dundee, Edinburgh, and Glasgow, and partly by a grant
from the Empire Marketing Board. For the examination of samples in
the five centres responsibiiity was borne in Aberdeen by Dr. J. Smith,
City Baeteriologist: in Dundee by Professor W. J. Tulloch of the
Bactericlogical Department of the University of St. Andrews; in
Edinburgh by Professor 1. J. Mackie of the Bacteriological Depart-
ment of the University of Edinburgh and by Mr. A. Gofton, Chief
Veterinary Officer of the City ; in Glasgow by Dr. W.R. Wiseman, City
Bacteriologist ; and at the Hannah Dairy Research Institute by Dr. L.
Jordan, Veterinary Pathologist. The statistical analysis of the records
was carried out by Dr. P. L. MeKinlay, Medical Statistician to this
Department. The Department desire to express their appreciation of
the work done by those named and of the assistance given by the
various bodies, the Medical Officers of Health of the four cities, Dr.
H. J. Rae, Aberdeen; Dr. W. L. Burgess, Dundee; Dr. J. Guy,
Edmburgh; and Dr. A. 8. M. Macgregor, Glasgow ; the Director of
the Hannah Dairy Research Institute, Dr. N. C. Wright; and all
others who helped in the investigation.

J. L. BROWNLIE
DEPARTMENT OF HEALTH FOR $COTLAND,
August, 1933.
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CHAPTER I. INTRODUCTORY

THE chief object of this inquiry was to ascertain with exactitude and
by uniform methods of examination the extent of infection with
tubercle bacilli in various types of milk as consigned to and consumed
in the four principal cities of Scotland.

The results of the inguiry will be more clearly understood if the way
in which milk reaches the consumer in these eities is realized. The
liquid milk consumed in the cities comes from four sources:

(a) from farms where it is produced and from which it is consigned
in churns to distributors in the cities either direct or through
creameries in the dairying distriets;

(b) from creameries where it is collected from farms in the surround-
ing districts and run into large tanks for transport to the
wholesale distributors in the cities ;

(¢) from producer-retailers, i.e. from the smaller dairy farmerg who
produce the milk and retail it direct to the consumers; and

(d) a comparatively small quantity of graded milk (Certified,
Grade A (T.T.) or Grade A) arrives in the city in sealed bottles
or cans. ‘

Only in the case of Glasgow is any considerable quantity derived
from (b) i.e. transported in large tanks from creameries in dairying
distriets. Milk from producer-retailers forms a considerable propor-
tion of the supply of Edinburgh; in Dundee and Aberdeen and still
more in Glasgow the producer-retailer is a less important source of
supply. In Edinburgh a considerable proportion of the city’s supply
is derived from dairy byres within the city boundaries. Almost all the
milk exeept a portion of that consigned from ereameries ((b) above)
reaches the cities in its raw state.

As regards (o) i.e. milk consigned direct or through ereameries from
the farm to the wholesale distributor, while each churn contains the
milk of more than one cow, it has not undergone bulking on a large
scale and is referred to in this report as ‘raw milk in churns’.
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The term ‘raw milk in tanks’ has been applied to (b) ; it represents
the bulking of milk from a number of farms.

Almost all the raw milk in tanks and a eonsiderable portion of the
raw milk in churns is subjected to a process of heat-treatment before
being delivered to the consumer. Very little of the milk supplied by
producer-retailers s so treated. This process of heat-treatment is
commonly referred to as pasteurization, but the milk is not generally
sold as pasteurized—a term which can be legally applied only to milk
which has been pasteurized under a licence from the local authority
by being retained at a temperature of not less than 145° F. and not
more than 150° I. for at least half an hour and immediately passed to
an efficiently protected cooler and the temperature reduced to not
more than 50° I*. It has been thought proper to refer to such milk in
this report as ‘heat-treated milk’.

The inquiry was designed so as to give an indication of the extent
to which the milk at these various stages is infected with tubercle
bacilli. The work has been undertaken by the staffs of the four Local
Authorities of Aberdeen, Dundee, Edinburgh, and Glasgow, of the
Bacteriology Departments of the Universities of Edinburgh and
St. Andrews, and of the Hannah Dairy Research Institute, under the
general co-ordination of the Department of Health for Seotland ; and
the expenses of the inquiry have been met partly by the Local
Authorities eoncerned and partly by a grant from the Empire Market-
ing Board. 1t is desired to acknowledge the assistance rendered by the
Local Authorities, the Universities, and the Institute, who provided
facilities for the inquiry, and by the bacteriologists and other members
of their staff who carried out the work.

The drafting of the scope of the inquiry and the formulation of the
details both of sampling and of biologieal testing were relegated to a
committee representative of the bodies taking part.

The scheme as originally drawn up by this committee 18 outlined in
the Details of Sampling and Details of Biological Testing, copies of which
were circulated to each of the investigators at the cominencement of
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Dairy Research Institute was modified as follows: The examination
of further samples of dried and condensed milks was stopped forth-
with (those already completed or in progress at the time numbered
58), and the work limited to the examination of graded milks and to
bulked samples from creameries, the numbers of these to be tested
being 750 and 200 respectively. Although the scope of the inquiry
had to be curtailed in this manner, it is considered that the curtail-
ment in no way invalidates the results of what still remained a very
extensive investigation. In the case of condensed and dried milks the
number of samples was inadegnate to give significant results.

The results of the inquiry have been included in chapters which
roughly correspond with the stages the milk passes through between
arrival in the cities and delivery to the consumer. Raw milk is first
dealt with, and then follows a chapter on graded milk. The next
chapter gives the results of the examination of heat-treated milk, and
compares the results obtained by various methods of heat-treatment,
ineluding treatment in accordance with the pasteurization standards
prescribed in the Millk (Special Designations) Order (Scotldnd), 1930.
Retailed milk is the subject of the following chapter, in which the
milk is classified according to method of treatment, if any.

The technique followed in this inquiry involved the use of 2 guinea-
Pigs in connexion with each sample. One was killed and examined at
the end of 4 weeks. If the result was positive, the second was im-
mediately killed and examined ; if the result was negative, the second
was kept for another period of 4 weeks and then killed and examined.
Chapter VII compares the results obtained from the examination of
guinea-pigs after 4 weeks and 8 weeks respectively, and suggests con-
clusions to be drawn from this comparison.

CHAPTER JI. SCHEME OF INVESTIGATION

As already explained, a cominittee of representatives of the bodies
concerned in the inquiry drew up a scheme which was outlined in the
Details of Sampling and Details of Biological Testing, copies of which
were circulated to each of the investigators at the commencement.
The details were as follows:

I. DETAILS OF SAMPLING

A. Raw Mirx 18 CHURNS (excluding graded milk).

1. Samples to be taken on arrival in cities, either at railway stations or at
consignees’ premises.

. Samples to be taken from the complete consignment of a farm, churns being
sampled by the ‘spear’ method. The combined ‘spearings’ to be made into
one composite sample from which the test quantity is taken.

3. No samples to be taken from milk which bas passed through country

creameries, where either bulking or heat-treatment may vitiate the result.

4. The following details to be supplied with each sample: Names and addresses

of producer and consignee ; place where sampled ; date ; number of churns
from farm and total milk from which sample is taken.

(&)
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5. Samples to be taken as far as possible to represent the full milk supply coming
from the farms into the city.

B. Hear-1REaTED MILK (excluding Grade A Pasteurized).

1. Any method of heat-treatment designed to reduce bacterial contamination te
be included.

2. Samples to be taken as convenient and according to the method of treatment.
Normally they should be taken either from the cooler direct or from a
newly filled bottle.

3. The following details to be supplied with each sample: Name and address
of plant ; date; type of plant; temperature and time of trcatment ; method
of temperature control.

C. RETAILED MILK.

1. Samples of retailed milk to be taken in order to ascertain the infection of the
milk as sold to the public. Random samples to be bought over the counter,
either in bottles or from bulk.

2. The following details to be supplied with each sample: Name and address of
retailer ; date; details of sampling ; details of treatment, if known.

D. GraDED MiLE.

1. Samples to be taken from the following grades: Certified and Grade A
(T.1).

2. Samples to be taken (a) from the mixed milk of each T.T. herd, these samples
being taken on the farm, and (0) from graded milk samples as bought in
the market.

3. The following details to be supplied with each sample:

Farm samples: Name and address of producers, bulk from which sample is
taken (total herd, single churn, or bottle), date, grade, name of sampler.

Boughi samples: Name and address of retailer and of producer (if known),
date, size of bottle or churn, where bottled (i.e. by producer or retailer),
grade, name of sampler.

E. OtHER MILK.
Other samples to be undertaken as investigation proceeds, these being
dependent on general development of work (includes creamery bulked
milk sent to cities in tanks).

GENERAL

All samples in categories A, B, and C should be dealt with by Local Authorities,
and all samples under D and E should be in the hands of the Hannah Institute.
Tocal Authorities will co-operate in securing samples for the Hannah Institute
where necessary.

It is essential that all samples taken should be random samples: rouline samples
taken to trace out a source of infection must not be used.

For uniformity in the collection of results, special forms should be used for the
details of sampling and of test, and these should be forwarded at six-months’
intervals to the Department of Health.

II. DETAILS OF TESTING.
Duplicate samples of 50 c.c. of the well-mixed milk to be centrifuged at 3,000

R.P.M. for § hour.
The sediment alone of each tube to be suspended in 3 c.c. of sterile normal

saline solution.
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Two guinea-pigs to be inoculated, each with 3 ¢.c. of suspension. Both inocula-
tions to be subcutancous, and the injections to be made on the inside of left
thigh.

The pair of animals inoculated with a particular sample may be kept together
in one cage, but separate from other inoculated animals.

One guinea-pig to be killed at the end of 4 weeks, and, if positive, i.e. showing a
typical tuberculous condition, the other animal to be killed immediately; if
negative, the remaining animal to be kept for 8 weeks from the time of inoculation.

If one guinea-pig dies prematurely of some intercurrent condition, the survivor
to be kept for 8 weeks from the time of inoculation.

Premature deaths should be noted, and the cause given where possible.

On post mortem, the presence of tubercle bacilli in lesions to be demonstrated
microscopically ; where there is any doubt as to the tuberculous nature of the
lesions, cultures to be made for organisms other than tubercle bacilli and guinea-
pigs to be subinoculated with material from the doubtful lesion.

Note:

It is essential that the technique at each centre should be uniform; and also
that the technique for each fype of milk should be the same. That is to say, no
allowance should be made for the possible loss of virulence of the bacilli due to heat-
treatment.

At the end of a month a meeting of workers to be held to compare notes, and if
necessary modify procedure.

Exact uniformity in the methods adopted (the absence of which has
hitherto tended to produce diffienlty in ecomparing published statistics
of this nature from various sources), has thus been secured by all
workers concerned in the investigation.

At the initiation of the inquiry it was decided that, after one
month’s experience of the actnal working of this programme, a
further meeting of the personnel should be held to compare notes,
to discuss any difficulties which might have arisen, and, if necessary,
to modify the original procedure. At this meeting it was accepted
that the sampling details should be altered and for future use the
dipper be substituted for the spear method, the dipper itself being
used to stir up the milk in the container (which need not then be
shaken). It was further agreed that, in order to ensure that there was
no precedent tuberculous infection of the test animals, the guinea-
pigs should be tuberculin-tested before inoculation. Although doubt
was expressed as to the necessity of this addition to the technique
(mainly in view of the rarity of this condition in guinea-pigs), it was
agreed to apply it.! Exact details of the technique to be used—the
intradermal inoculation of a depilated area of the abdominal wall of
022 c.c. of a 1: 1000 dilution of tuberculin (O.T.)—were circulated to
each of the bacteriologists.

Specimens of the cards in use for recording the findings of the tests
are shown in Appendix E,

! This was inadvertently omitted in one part of the Edinburgh Series of tests; but
the findings in the extensive tuberculin testing carried out in other areas (the degree

of guinea-pig infection being less than 1 in 4,000), are sufficient proof that its omission
can scarcely be regarded as a vitiating influence.

A3
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CHAPTER IIl. RAW MILK
Parr I. Raw Mk v Crurns

The term ‘raw milk in churns’ as here used applies to milk from
source (a) mentioned in Chapter I, i.e. to milk arriving in the cities
from the farms where it is produced and whence it is consigned in
churns to the distributors either direct or through creameries in the
dairying districts. Fach churn holds on an average the milk of 8 to
5 cows. The samples examined were, however, not from single churns
but were composite samples made up from the churns containing the
complete consignment from a farm. The chance of any sample being
found infected would presumably be increased in proportion to the
number of churns from which the sample was taken. The general
findings in relation to this milk for each of the four prineipal cities
and for the aggregate are presented in Table 1.

Tasrr 1
Row Mulk in Churns: Geneml Fmqus

[ | Per cont.
Positive. | Negative. | Inconclusive. | Total.| positive.
Aberdeen .. 33 204 7 | 334 ’ 99
Dundee . . . . 33 413 60 506 | 65
Edinburgh . . . 39 281 16 336 11-6
Glasgow . . . . 48 292 18 | 358 13-4
Allarcas . . . .| 153 1,280 101 |1L534 | 100

In the whole series there were found 158 positive cases in a total of
1,584 samples examined, these being equivalent to a proportion of
roughly 10 per cent. positive. In view of the fact that, of the total, a
certain number (101) are assigned to the category ‘inconclusive’, the
ineidence of infection based only on tests in which the criteria detined
at the commencement of the inquiry were upheld is 10-7 per cent.
(Cases classed as inconclusive are those in which the second guinea-
pig did not live for the required period of 8 weeks and on autopsy
was found non-tubercular.!) The true incidence of infection thus lies
between these two figures (nearer, however, the former than the latter
since many inconclusive tests would probably be negative), and we are
safe in stating that for these four Seottish eities the average proportion
of infected samples of raw milk in churns, the tests being those in
which the aforementioned technique are regarded as criteria, is at
present in the neighbourhood of 10 per cent.

In the individual cities the highest value is recorded in the samples
collected in Glasgow and its environs, where of 358 samples taken,
48 or 184 per cent. were found by these tests to be infected with
B. tuberculosis ; or, exeluding those classified as inconclusive, 48 out of
840 (i.e. 14-1 per cent.) positive. The lowest figure is recorded in
Dundee where, out of a total of 506 samples, or of 446 samples in

1 A table showing the dates of death of the second guinea-pigs in tests classified as
inconclusive is given as Appendix D.
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which the results were definite, 83 were found positive, percentages
respectively of 6+5 and 7-4. In the remaining areas, Aberdeen and
Edinburgh, the incidence of infection is in the former 9-9, and in the
latter 11-6 per cent. based on total, and 10-1 and 12-2 based on
definite samples.

Volume of mulk from whick sample is taken in relation to incidence
of infection. The erude data requisite for a diseussion of this aspect
of the problem are collected in Appendix Tables A and B, which show
for the 4 areas, individually and combined, the positive, negative,
and inconclusive cases tabulated according to (a) the number of
churns and (b) the total volume of milk from which the samples were
taken.

In Table 2 are given comparisons of the average number of churns
and of the average volume of the milk from which the positive and
negative (including inconclusive) samples were taken.

TasLE 2

Average number of churns and average volume of mill: (¥n gallons) from
which samples were taken.

Number of churns. | Volume of milk.

vtwe Negatwe L' Positive. Negative.

]
Aberdeen . [ 4-88 364 | 4462 31-72
Dundee . 4-69 ’ 375 . 45-68 37-85
Edinburgh \ 4-87 J 4-40 45-96 39-82
Glasgow. 1854 | 482 | 9865 i 42:05
All arens 599 | 410 | 6214 | 3786

These figures show, individually and collectively, higher averages for
positive than for negative samples; in other words, that the greater
the bulk of milk from which the sample is taken the higher is the
proportion of infected samples found. This is shown equally clearly
but in a different form in Table 3, wherein are collected the percentage
incidence rates of p051t1ve cases in samples taken from varying numbers
of churns and varying volumes of milk.

TasLE 3

Incidence of infection in relation to (a) number of churns, and (b) volume
(1 gallons) of milk from which samples were taken

t
No. of | Percentage |  Volume

N ] | i Percentage
churns. Positive. ‘ Total.| positive. | of milk. | Positive. | Total.| positive.
1 and 2 27 431 62 0— i 2 348| 7.2
3, 4 40 508 78 12— | 45 540 83
5 , 6 47 339 138 40— | 38 370 9.7
7 ., 8 23 149 134 | 60— | 26 162 16-0
9 , 10 6 62 97 80— | 14 63| 222
1, 12 3 4] 214 . 100— ! 1 19 53

13+ 6 120 500 1 1204 | 6 | 22 273
Not stated 1 16 625 | Not stated | J 10 | ..
Total 153 ‘i 1,534 100 . Total | 153 1,534 100
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The above findings might have some relevance in the discussion of
two questions: (a) the dissemination of infection by bulking, and (b)
inter-local comparisons of the incidence of infection such as previously
noted for the present series of four cities. With reference to (b), for
example, it is obvious that if gross differences are found in the distri-
bution of samples by volume of milk from which these are taken, part
at least of the resulting differences of incidence might be explicable
in terms of this factor, and suitable allowance would have to be made
for it. In Table 4 are compared the incidence rates previously found
with the average number of churns and volume of milk from which
the total samples were taken. Although there is no one-to-one corre-
spondence between average bulk and ineidence of infeetion, there is
evidence of some degree of association between the two, the heavier
bulking of the Edinburgh, and more particularly the Glasgow, samples
being perfectly clear. Inquiry as to whether or not the foregoing
variations in the volumes of milk in the different cities is to be held
explanatory of the differences of incidence of infection can be carried
out in two ways; (@) by applying the aggregate results of infection
by volume (Table 8) to the numbers of samples in each sub-group
of bulking, or (b) by comparison of the incidence in each city for
samples taken from more or less similar bulks of milk. To the latter
method pertains the objection that with the number of samples
available when individual cities are concerned, the subdivision of the
total to show incidence rates for milks of varying volumes offers
such scope for chance fluctuations that the differences may be incon-
sistent and subjeet certainly to large error. Applying each of these
methods we find that the difference in the amount of bulking in the
individual areas is not to any substantial extent explanatory of the
local variations of tuberculous milk infection previously found; in
fact, it accounts for only an inappreciable fraction of the observed
differences.

TarLE 4

Incidence of infection, average number of churns and volume (in gallons)
of malk from which samples were taken.

| Incidence of | Awerage no. of ] Average volume of
DB in  |churns from whick | milk from which
samples. samples taken. 1 samples taken.
Aberdeen . . 99 | 3-76 32:99
Dundee . . 6-5 3-81 38-35
Edinburgh 11-6 445 40-54
Glasgow . 134 533 49-81
All areas . 100 | 429 | 40-29

Seasonal variations of incidence of wnfection. The statistics for the
areas combined are presented in Tables 5 @ and b. In the more detailed
table showing the incidence in each month of the year considerable
fluctuations are found in the proportions of infected samples, but no
very defined seasonal trend is manifest. Since part of the variations
are undoubtedly due to the small numbers when such detailed
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Fubdivision is effected, and since a general tendency may be obscured
by these fortuitous deviations, the figures are summarized more
crudely by quarters in Table 5b. It will be observed that there are
somewhat higher proportions recorded in the 4th and 2nd quarters
than in the remaining two ; but when tested for significance it 1s found
that differences of this order might easily arise by chance. So far
as the figures go, we may conclude that there is no difference of any
momient in the proportion of samples of raw milk found to be in-
fected with tubercle baeilll in different periods of the year.

TaBLE 5a
Seasonal differences of incidence of infection.

! ‘ | Percentage
Positire. | ;\'egative ¢ Inconclusive. fTofal t positive.

January . S 11 | 88 5 v 104 10-6
February . . ‘ 3 85 19 P12 71
March \ 5 | 56 16 LT 65
April [ T S N E 8 136 103
May . . .. 20 . Isl 3 174 115
June . . .| 13 | 98 5 14 114
July S 5 63 1 69 72
August, . L 10 53 3 66 152
September . - 6 119 7 132 | 45
October . . 32 160 | 13 206 156
November . .| 1l | 10 | 1l 181 61
December . . 18 ! 136 10 164 - 11-0
Year . . .1 153 ‘ 1280 L 101 1,534! 100

TaBLE 5b

Seasonal differences by qumters

i : i Perce:ztage

| Positive. | Total. © positive.
Ist Quarter 21 Co293 819
2nd Quarter | 47 o424 11-08
3rd Quarter 21 ' 267 787
4th Quarter | 61 I 550 ! 1109

C 133 1,534 | 997

Parr IT. Raw Mink 1x Taxks

Special inquiry was made of the amount of tuberculous infection in
creamery bulked milk sent to cities in tanks. The bulking of the milk
in these cases is very great; in the present series practically all the
samples were within a range of 80 to 8,015 gallons, but in one isolated
case the volume of milk from which the sample was taken was recorded
as 7,276 gallons. The average volume for the total series of 201 samples
(in 6 1nstances this information was not given) was 509 gallons.

In all, 207 tests were made with the following results:

Positive . . 74
Negative . 125
Inconelusive . . 8

Total 207
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Of the total samples, 74 or 87-5 per cent. were found to be infected;
the incidence, therefore, being between three and four times the
general figures given previously for raw market milk. These findings
agree in general with what has already been stated in relation to the
influence of bulking on the incidence of infection.

The average volume of milk from which the positive samples were
taken is 576 gallons, and of negative samples 469 gallons. The positive
samples, that is, tend more frequently to appear in the heavier
bulkings.

If the series be roughly subdivided into bulks of inereasing magni-
tude, it is again found that correlation exists between the amount of
bulking and the proportion of infected samples found, as is shown in
Table 6. Theincreaseis quite definite, although, not absolutely regular.

TaBLE 6
| Percentage
Volume of milk. Positive. Total. positive.
Under 100 2 6 333
100— 5 44 114
200— 10 45 222
300— 23 44 52-3
400— 21 36 58-3
500 11 26 42:3
Not stated 2 6 333
Total 74 207 37-5

A cruder grouping into three categories only, namely, under 200
gallons, 200 and under 400 gallons, and 400 gallons and over, shows
that the incidence inereases from 14-0 per cent. positives in the first
to 87-1 per cent. in the second, and reaches the high figure of over
50 per cent. in milk samples from tanks of over 400 gallons’ capacity.

These 207 samples were taken from milk derived from seven
different creameries, and that a heavy infection rate is a general
feature of this type of milk and is not peculiar to one particular
creamery is evidenced (Table 7) by the findings for the individual

TaBLE 7
1 Percenlage

Creamery. Positive. Total. positive.

A 14 43 32-6

B 12 46 26-1

C 9 24 375

b 28 66 42-4

E 10 21 47-6

F .. 1 ..

G 1 6 16-7
Total 74 207 37-5

places. The proportions of positive cases, although varying to some
extent (e.g. in those with more than 20 samples analysed, from
26-1 to 47-6 per cent.), are extremely high in each of these creameries.
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SUMMARY:

1. The proportion of infected samples in raw milk in churns arriving
in the four principal cities of Scotland is found by the methods used
in this inquiry to be roughly 10 per cent. The local variations are
shown. )

2. The incidence of infection increases with the volume of milk
from which the sample is taken for examination.

8. The latter finding is only to a small degree explanatory of inter-
local variations in incidence of infection.

4. No defintte seasonal variations of incidence are found in this
Inquiry.

5. Raw milk transported in tanks shows a much heavier proportion
of infected samples. The average is 37-5 per cent.

6. A high rate is found to apply to each of those ereameries from
which sufficient samples to give reasonably reliable results have been
taken.

CHAPTER IV. GRADED MILKS

The number of samples tested in this group was 714, consisting of
329 samples of Certified milk and 385 samples of Grade A (T.T.)
milk. It should be noted that these samples were drawn at random
from both producers’ and distributors’ premises. The findings are
given in the accompanying table (Table 8). Only one infected sample

TaBLE 8

] Positive. j]nconclusive.! Negative. i Total.

Certified . . .. 2] l 308 329
Grade A (T.T.) . ] 4 380 385
Total . . § 1 ] 25 j 688 714

was found, the infection being shown in both guinea-pigs at the end
of the fourth week after inoculation. This sample was taken from the
bulked milk of the whole herd, the number of cows in milk at the
time of sampling being 22. A special inquiry and report were made by
the loeal investigator, who found that inadequate means were being
taken to protect the herd from infection by direct contact with
neighbouring infected stock.

SUMMARY:

The fact that only one positive cazse was found in over 700 tests is
sufficient to indicate the high degree of safety in Certified and Grade A
(T.T.) milks.

CHAPTER V., HEAT-TREATED MILK
The detailed collection of data in respect of the examination of milk
which had Dbeen subjected to some form of heat-treatment are
relegated to Appendix Table C.
In connexion with heat-trcatment, the chief differences of method
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and probable differences in effect on bacterial content are with
regard to (1) the temperature to which the milk is raised, and (2) the
period of time over which the heating process is carried on. The first
comparison which falls to be made, therefore, is between samples of
milk subjected to heat-treatment by (a) the holding, and (b) the flash
methods. Thege are given in Table 9.

TasLe 9
Comparisons of holding and flash methods.

i

| Flash. | Holding.
| T
( " Percentage Percentage
Positive. iTotal.’i positive. | Positive. | Tolal.| positive.
Aberdeen . . . 15 | 109 | 138 I 232 22
Dundee . : . | oo i .. 25 512 4-9
Edinburgh N 22 1 927 3 311 0-9
Glasgow 4 || 25 2 188 11
All areas . Io2e oo | 82 4 35 |L2a3 | 28

|

For the aggregate of cities, the number of infected samples found
m 291 tests of milk treated by the flash method is 24, an incidence
of 82 per cent.; and in those otherwise treated, 35 positive cases in
1,248 sanples, an incidence of only 2-8 per cent. The proportion found
in the former would, in fact, appear to be scarcely different from
the raw milk figure given for the four cities; and inspection of the re-
sults in each city shows that this is greatly exceeded in Aberdeen
and particularly in Edinburgh' (where, however, the percentage is
probably unreliable as only 22 such samples were analysed). In
Glasgow a much more favourable resnlt than that for Aberdeen is
apparent, the positive cases only reaching 2-5 per cent. of the total.

In milk treated by the holding method, local variations are also
apparent in the efficacy with which infection is diminished by heat-
treatment. In this series the figure found for Dundee is easily the
worst, where, of 512 samples, 25 were found positive, a percentage
of 49. The Glasgow and particularly the Idinburgh samples show
a much lower incidence, approximating in each case to 1 per cent.,
the remaining area, Aberdeen, showing a proportion twice as high,
but only half of that recorded in Dundee.?

In comparing the treated milk result with that found for raw milk,
it has to be remembered that, without correction in some form, the
crude comparison must necessarily be unfair to any judgement of the
effects of heat-treatment on the reduction of infection. Specifically,
for example, heat-treatment involves bulking to a varying degree, and,

1 Of the 22 samples of flash-treated milk in this city, 19 were taken from one source,
and all of the 5 positive cases arise from this group.

2 When a positive result was obtained in heat-treated milks, a special investigation
wag carried out in Dundee to ascertain that the infecting organism was bovine, and thus
o0 exclude the possibility of contamination from human sources after pasteurization.
Of the total (25) positive cases, the dysgonic type of the organism was recovered except
in two cases in which the cultures were inadvertently not made and in one in which the

growth of the organism was too luxuriant to permit of its being regarded as a typical
bovine bacillus and was classified as (?) engonic.
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as shown previously for raw milk statistics, this is accompanied by,
and probablyis, the direct cause of an increase in the recorded incidence
of infection. The capacities of the plant in use in the samples analysed
in the present investigation vary from 500 to 2,000 gallons, with an
average of 600 gallons. It would appear, therefore, that the incidence
rate for raw milk which is more directly comparable with that to be
found subsequent to the heating process should be the figure given
above for samples taken from tanks, namely 87-5 per cent.

Tt would appear, therefore, contrary to first impression, that even
the flash method of treatment does result in a definite decrease in
the proportion of infected samples. The superiority of the holding
method is likewise further enhanced by the (presumably) more exact
comparison.

Relative merits of various forms of plants. The results in this
connexion for the four areas jointly are given in Table 10. In view of
the official requirements relating to temperature and time of heating
to be observed before milk may be sold as pasteurized milk, it has been
deemed advisable to separate the milk samples into two groups, those
in which the time and temperature limits (1) were, and (2) were not,
observed.

TasLe 10
Results of Different Types of Plant.
l (1) (2)
Percentage Percentage
1 Positive. | Total. | positive. | Positive. | Total. | positive.
A | 138 .. 1 14 71
B 8 170 47 1 29 35
C .. 99 .. .. .. ..
D . 71 .. . ..
E |21 308 68 .. 5
F 1 4 217 18 . ..
G . 87 .. .. ..
H 2 . . 7
Open cans in boiler .. .. .. .. 3
Sterilized | .. . . .. 93 ..
Total . | 33 1,092 3-0 2 151 13

Certain significant and disconcerting results emerge from a study of
these general figures. It will be observed that the whole of the positive
samples in milk pasteurized according to the officially recognized
procedure are found in the three types of plants, B, E, and F. In the
remaining groups specified it will be observed that, considering the
bulking of milk previously mentioned and the infection figure likely
to be found (judging from the results quoted in previous chapters)
for such quantities of raw milk, the absence of positive cases speaks
volumes for the efficacy of the procedure in eliminating tuberculous
mfection.

In the second half of the table it will be observed that one positive
case came from each of the two types of plants, A and B; but
reference to Appendix Table C shows that in the former, although

A4
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the required temperature of 145° F. was observed, the time of heating
fell short of the standard, and that in the latter the temperature was
only 180°F. (time of heating omitted). The number of samples
included in the second half of Table 10 is insufficient, however, to justify
with any pretence of accuracy a judgement as to the differences, if
any, between milk treated by methods agreeing and disagreeing with
official standards of pasteurization.

The three types of plants from which infected samples were found
may be examined now with greater particularity. From the Appendix,
wherein the detailed data are presented, it is to be seen that:

1. Inplant type B, samples were taken from three different areas, 89
from Aberdeen, 57 from Edinburgh, and 24 from Glasgow, and in each
of these groups of samples one or more positive cases were found.

2. In plant type E, samples were also taken from three distinet
areas, Dundee 208, Edinburgh 93, and Glasgow 7; and the whole
of the 21 positive cases came from Dundee; and

3. In the case of plant type ¥, samples were taken in two areas
only, Dundee 211 and Glasgow 6; and that the four positive cases
came from Dundee.

In the first case the findings are suggestive that it is the type of
plant, in the second (especially in view of the time-distribution of
infection, explained in the following paragraph), that it is the parti-
cular local mechanism or the manner of its operation which is at fault.
In the third case specified, the number of samples taken i m Glasgow
is insufficient to throw any light on the cause.

The case of plant E in Dundee is of further interest. Temporary
breakdown or permanent inefficiency of the particular local plant
might be the cause—the latter, owing to the relatively large number
of positive findings, being the more likely. That this is probably so
will be further evidenced by the time-distribution of infection (which
is shown below) in the plant from which all the positive cases were
obtained:

Plant E. Dundee.

Positive. | Total.

January . . .. 12
February . . .. 17
March . . . 21
April 1 13
May . 1 18
June 1 24
July . 1 12
August; 2 14
September 5 16
October 5 20
November . 1 20
December . 4 20

Total 21 207

The positive cases were all obtained during the year 1931, and the
detailed figures by month of sampling will make evident the spread
of the cases over the greater part of the year, not, as would happen
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with a temporary lapse of the human or mechanical elements involved
n the process, a concentration of positive findings with preceding and
succeeding periods of freedom from infection.

The results indicate the need for further study of two matters, (1)
the relative efficiency of plants of different design, and (2) the admini-
strative control necessary to secure that reliable plants are properly
operated.

SUMMARY:

1. The reduction of tuberculous infection by heat-treatment is
shown by the comparison of the percentage of infected samples in
the two series. For milk treated by the holding method the incidence
found is 2-8 per cent. The corresponding figure for untreated creamery
bulked milks is 375 per cent.

2. The superiority of the holding over flash methods of heat-treat-
ment in reducing tuberculous infection is shown by the two figures
2-8 and 8-2 per cent. respectively.

8. The merits of several forms of plant in this respect differ. There
is nno evidence to show to what extent, if any, these differences are due
to the human factor. The figures for various plants are given in the
text.

4. The special investigation carried out in Dundee seems to exclude
for the most part the possibility of these results being vitiated by the
infection coming from human sources after the heat-treatment has
been carried out.

CHAPTER VI. RETAILED MILK

The examination of samples of milk as exhibited for sale to the
consumer yielded the following crude results (Table 11). In 1,494

TaBLr 11
Retarled Malk. General Results.

i Percentage

| Positive. | Negative. | Inconclusive.| Total. | positive.
Aberdeen | oar 284 14 325 8-31
Dundee. . ., 35 393 47 475 7-37
Edinburgh . L 48 270 17 335 14-33
Glasgow .l 38 312 9 359 10-58
All areas s | L 87 1494 | 901

total samples, 148 or 9-91 per cent. were found to be infected. This
proportion differs little from the figure previously given for raw milk
samples 1n the aggregate of these four areas. The incidence found in
individual cities varies from 7-4 in Dundee to 14-3 per cent. in Edin-
burgh. Compared with the raw milk findings there is a certain
degree of correspondence in the position of the cities relative to one
another, with the outstanding exception of Edinburgh, in which,
however, as will be seen later, none of these samples were previously
subjected to heat-treatment.

In view of the effect of heat-treatment on the proportion of infected
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samples, these crude findings require more detailed investigation
according to whether or not previous treatment had been given, and,
if so, the nature of that treatment. It is obviously difficalt to trace
the history of many of these samples; but in Table 12 the results of
testing are shown for samples subdivided according to previous
treatment in as detailed a manner as is possible from the information
given on the cards, where the plant used in heat-treatment is not

specified. TapLy 12

Retailed Malk Resulls according to previous treatment.

Percentage
Positive. | Negative. | Inconclusive.| Total. posttive.

Untreated . . 90 619 56 765 | 1176
Treated:

Holding (a) . . 8 140 7 155 | 516 457

w o (b) . . .. 20 .. 20 .. }6-00

Flash . . . 15 182 9 206 7-28

Unknown . . 5 76 1] 86 5-81
Treatment unknown 15 114 4 133 | 11-28
Treatment not stated 15 108 6 129 | 11-63
Total . . ] 148 1,259 87 1,494 i 991

Roughly half of these samples were known to have been subjected
to no form of previous heat-treatment. Of these, 90 or 1176 per cent.
were found infected. In 129 instances no remarks were made as to
treatment, and in a further 188 the previous history was definitely
stated to be unknown. In each of these two groups the proportions,
11-63 and 1128 per cent. respectively, are roughly equal to the
untreated group (to which they probably in great part actually belong).
In 467 cases the milk had previously been subjected to some form of
heat-treatment ; in 175 by the holding method, in 206 by the flash
wmethod, and in the remaining 86 cases the method adopted was not
known. In 20 of the 175 instances of holder treatment it was definitely
known that the official requirements for pasteurization (145° F. for
30 minutes) were not adhered to. (These are classed as group (b) in
Table 12.) The proportion of infected samples in the whole group of
beat-treated retail samples was 6-00 per cent.; in those by the
holding method, excluding (b), 516 per cent., ineluding (b) 4-57 per
cent.; in the flash-treated group 7-28 per cent., and those heat-
treated by methods unknown 5-81 per cent. The figures found here
for holder-treated milk are slightly higher than those given in
Chapter V for samples taken at the plant, but the difference is
insignificant. As has been explained, the records do not specify the
plant used in heat-treatment ; reference should, however, be made to
page 19, where it i3 shown that the type of plant used plays an
important part in the results obtained. Similarly the figure for retailed
milk which has been flash-treated is for all practical purposes equal
to that found in samples taken at the place of treatment.

It remains now to present the results of examination for each area
according to the previous treatment of the milk. These are shown in
Table 18.



TasLe 18
) ‘w Aberdeen. Dundee. Edinburgh. Glasgow.
i+ — I Total. %+ [+ — I Total. %+ |+ ~ L Total. %+ |+ — I Totl. %+

Untreated 7 56 3 66 10-61 E 28 295 37 360 778 )31 137 11 179 17-32 | 24 131 5 160 1500
Treated: ! !

Holding (a) . [ 3 47 .. 50 600 4 42 3 49 816 1 51 4 56 179

Holding () . [ .. o .. L P . . 20 .. 20 ..

Flash . (13 137 9 159 818 .. .. .. .. .. 2 45 47 426

Unknown . [ - 3 1 4 .. 2 49 4 55 3510 .. . .. .. 3 24 27 1111
Treatment unknown | 4 41 1 46 870 l .. 2 2 4 .. 3 31 1 35 857 8 40 48 16-67
Treatment not stated R R | 5 1 7 1429 )14 102 5 121 1157 1 1 ..

Total . . f 27 284 14 325 831 ‘, 35 393 47 475 737 |48 270 17 335 14:33 | 38 312 9 359 1058

+ = positive. — = negativé. 1. = inconclusive, 95+ = percentage positive.

ATIN NI NOILLOHANI SNOTANYHAINL
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The outstanding points revealed here are that none of the Edinburgh
samples were known to have been treated and that in those to which
1t was definitely known that no treatment was given the percentage
of infected samples is high. If, however, the two groups, treatment
unknown and not steted, are assumed to have been untreated, the
Edinburgh percentage differs not at all from the corresponding
Glasgow proportion. The percentages found in the treated samples
vary widely, the main points being the favourable findings in the
Glasgow series and the rather heavy incidence in the Aberdeen and
Dundee tests (which, however, are relatively few in number).

It should be added that of the total samples of retailed milk
examined in each of the four areas, the proportions of treated and
untreated milk samples are obviously not representative of the
proportions of treated and untreated milk actually retailed. For
instance, of the total tested samples in which the previous history of
the milk was known, the proportions of untreated samples are in
Aberdeen 237, in Dundee 77-6, in Edinburgh 1000, and in Glasgow
51+6 per cent. As will be seen, however, from Table 14 (see page 25),
which shows the estimated total amount of milk retailed daily in each
city, together with the amount and corresponding proportion which is
heat-treated, the proportions of untreated retailed milk to the total
amount of retailed milk (excluding certified and graded milk) are in
Aberdeen 22-2, in Dundee 45-3, in Edinburgh 38-3, and in Glasgow
154 per cent. With the exception of the figure for Aberdeen, these
differ grossly from the proportions of samples of untreated retailed
milk examined in the present inquiry. Obviously these differences
will affect any conclusion as to the actual proportion of infected
samples of milk as sold to the public, and the crude figures in this
section do not give an accurate picture of the extent of infection of
retailed milk in the cities. An approximate estimate ean, however,
be made on the basis of these proportions and the previous findings
for raw and heat-treated milk by weighting these figures according
to the proportions treated and untreated. For example, in Glasgow
the infection in raw milk samples was 13-4 per cent.; in milk heat-
treated by the holding method 1-1 per cent., and in that treated by
the flash method 2-5 per cent. Weighting the figures supplied by
the Medical Officer of Health by these percentages, the proportion
of infected samples would become 3-21 per cent., contrasting with the
figure given in Table 18 of 10+58 per cent. The necessity for some kind
of correction is obvious. Unfortunately, however, any correction for
other areas must be much more crude in that (1) apart from Glasgow
we know only the proportions treated and untreated, but cannot
specify of the treated milk how much is treated by the holding and
how much by the flash process, and (2) in the figures given for
individual cities for heat-treated milk—Table 18—the proportion of
these tests carried out on samples treated by the holding and flash
methods may not be numerically representative of average conditions.
This is evidently true for Glasgow where in the present survey 160
tests were carried out on milk treated by the flash and 188 on milk



TaBLE 14
Statement showing for the four large cities in Scotland the proportions of Retailed Milk which are untreated
and treated by heat.

Retailed Milk.
(Estimated daily consumption in gallons)

Untreated. i Tﬁ;dted. .
i ‘ ! ‘ ‘ Estimated totals.
| Certified. ‘;GradeA(T.T.)} Grade A. | Ordinary. | Holder. ‘ Flash. | Sterilized. | Not stated. Gallons daily.
Aberdeen . . 3121 Lo 2,706 . .. | 94991 | 12,518
pund G+ EE L wm SR e
undee . . Ll .. i . .. : e ' s I s
, 1 (1:5%) ‘ (44:5%) ‘ CE%) | (50%) |
Edinburgh . . .| 200 | 742 |8l 9332 .. ; M Loas01 25,446
Ca%) o B% (37%) | | | 9%
Glasgow Sl S . 10,000 45,000 | 10,000 | . | . ’ 65,000
| E(15%) | (70%) | (15%) | ‘

MTIN NI NOILLOHANT SOOTADHHIAL
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treated by the holding method, whereas actually in the milk as
retailed which has been treated the flash and holding methods are in
the ratio of 10:45. As a tentative correction, however, we may take
the appropriate raw milk figure for each area and the corresponding
figure for treated milk (irrespective of method of heat-treatment), and
weight these figures by the proportions of such milk actually retailed.
The estimated proportions of infected samples in retailed milk are:
Aberdeen 6-79, Dundee 5-43, Edinburgh 5:92, and Glasgow 3-50 per
cent. positives. The general figure for the four cities together based
on the raw milk finding of 10-0 per cent. positive, on the treated of
3-8 per cent. positive, and the proportion of untreated retailed milk as
28-6 per cent. of the total and of treated as 76+4 per cent. is estimated
as 526 per cent. compared with the crude figure of 991 per cent. It
will be apparent that the estimates given above are open to objection
because of the fact that the treated milk figures for each area may be
unreliable. If we take the general figures for the proportion of infected
samples in raw and treated milks as 10-0 and 3-8 per cent. (1.e. the
figures for the four cities combined), and weight these by the several
areal proportions of treated and untreated milk as retailed, we obtain
these estimated figures of infection: Aberdeen 5-15, Dundee 6-41,
Edinburgh 6-14, and Glasgow 4-74 per cent. It will be noted that the
order of the four cities does not correspond to that found above, and
it is unfortunate that the retailed samples tested were not more
random in nature, or that there was not greater detail available to
indicate more clearly the nature of treatment of the milk in the figures
available. It is clear, however, that the proportion of infected samples
in milk as sold to the public is very much less than would appear from
Table 13 and is probably little, if at all, in excess of 5 per cent. For
the city of Glasgow, where there is more detail available, the estimate
found is only 3+2 per cent., since such a large proportion of the milk is
effectively heat-treated before being retailed to the public.

SUMMARY :

1. The general figures for retailed milk samples do not differ
widely from the raw milk results previously set forth. The general
rate of infection of samples taken in the four cities together is roughly
10 per cent.

2. As the numbers of samples taken were not representative of the
proportions of untreated and treated milks actually retailed, an
attempt has been made to correct for this factor, and it is estimated
that the general rate of infection of the total qunantity of milk retailed
in the four cities is considerably lower than 10 per cent. and probably
little more than 5 per cent.

8. The proportion of infected samples is lower in the heat-treated
than in the untreated milks.

4. The local variations are given, but these are influenced by the
differences in the proportions treated and untreated in the several
areas.
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CHAPTER VII. USE OF SECOND GUINEA-PIG IN TESTS

Proportion of positive cases tn which infection is only found in the
second gquinea-pig. The method of testing outlined in Chapter IT
permits of an estimate being made of the number of positive cases
which would have escaped detection if only one guinea-pig had been
used and if the period of observation had been four instead of eight
weeks. For this purpose the positive tests have been divided into three
groups:

(a) those in which the second guinea-pig alone was infected, the
first guinea-pig surviving till the 28th day but being free from
infection on autopsy ;

(b) those in which infection is only found in the second animal, but
in which the first died (of some condition other than tubercu-
losis), before the expiry of the required 28 days’ period ; and

(¢) those in which infection was discovered in both pigs.

Table 15 shows the positive tests for each of the main categories of
milk subdivided in this manner. It will be observed that of the total
positive cases 43 are assigned to class b. Of the remaining 891 cases
141, or 86-1 per cent., are class a. In other words, over a third of the
positive cases were discovered only in the second guinea-pig.

TaBLE 15

Number and percentage of the positive cases in which only the second
guinea-pig is nfected.

: | i a expressed as
e b | Total. percentage of a+c.

Raw (in Churns) . . Sio44 | 14| 95 | 153 317
Raw (in Tanks) . L4114 56 | 74 6-7
Heat-treated (lash) . . .| 13| 2/ 9| 21 59-1
. (holding) . .| 22 .. | 13 3 | 62-8
Retailed (untreated) . . .1 033 110 47 90 | 41-3
. (heat-treated) . .o 15 ‘ 1 ‘ 12 | 28 | 555

»»  (unknown or not stated) ' 10 | 2 | 18 | 30 ! 357
Total . . . . .14l | 43 | 250 | 434 | 36°1

If the figures for the various categories of milk are compared, it
will be seen that of the total positive cases the proportion revealed
only in the second guinea-pig is substantially greatér in heat-treated
than in raw milk in churns. In the retailed milk groups the difference
between the proportions for heat-treated milk and untreated milk is
not, however, significant. There is no great difference between the
results in the two methods of heat-treatment in this respect. It is
obvious that the under-estimate of the incidence of infection by a
technique involving a shorter period of observation of the inocunlated
animals will be very much more serious in the case of heat-treated
milk than in that of raw, and will consequently tend to magnify the
benefits likely to accrue (relative to tuberculous infection) by heat-
treatment. For example, if the incidence of tubercle is compared in
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raw and treated milk, the relative differences are grossly magnified
by measuring incidence from results of single guinea-pig inoculation,
the period of observation being only four weeks. Thus: With two
guinea-pigs and an eight weeks’ period, the incidence in raw milk in
churns was 10-0, in holder treated 2-8, i.e. the incidence is reduced to
29 per cent. of the original raw milk value; with one guinea-pig and
four weeks’ period, the respective figures are 6-2 and 1-04 per cent.,
i.e. the incidence in treated milk is reduced to 17 per cent. of the
original value. Or, if we use for more accurate comparative purposes
the figures of raw milk obtained from milk in tanks, the relative
differences are these:

2 guinea-pigs 8 weeks; raw 35-79),treated 2-89,; reduction to 7-89, of original.
1 25 4 5 33y 27'0%, ’ 104%; 39 3'9% 133

The positive tests for raw milk in churns have been further sub-
divided and Table 16 shows the numbers in the three groups in each
area. It will be observed that of the total positive cases 14 are assigned
to class b. Of the remaining 189 cases 44, or 817 per cent., are class a.
This proportion varies rather widely in the individual cities, from
60-0 per cent. in Aberdeen to 174 per cent. in Glasgow.

TasLe 16.

Raw Milk in Churns. Number and percentage of the positive cases in
which only the second guinea-pig s infected.

‘ a expressed as
a b. c. Total. | percentage of a+-c.
Aberdeen . . 18 3 12 33 60-0
Dundee . . 10 3 20 33 333
Edinburgh . . 8 6 25 39 24-2
Glasgow . . 8 2 38 48 17-4
Allareas . .| 44 | 14 | 95 | 153 317

The findings recorded in the above Table have a bearing and an
obvious importance in any diseussions of the recorded incidence of
tuberculous infection of the milk supply of an area. They demonstrate
clearly how wide are the differences in the apparent incidence of
infection which are likely to arise solely from differences in the
technique which is adopted for demonstrating the presence of
B. tuberculosts. For example, Table 17 shows that the position of the

TaBLg 17
Raw Milk in Churns. Contrast of incidence with different techniques.

§ 4 weeks; J 8 weeks;
| 1 guinea-pig. | 2 guinea-pigs.

Aberdeen . .| 36 9-9

Dundee . . 39 65

Edinburgh . 74 11-6

Glasgow . . 10-6 134

10

All areas . . 6-2
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four cities relative to the frequency of infected raw milk samples is
altered appreciably if the rates are calculated on the positive cases
discovered by adopting a four weeks’ period and one guinea-pig
instead of the more extended procedure actually used.

With the more trustworthy procedure the position of the cities from
lowest to highest is Dundee, Aberdeen, Edinburgh, and Glasgow,
whereas with the less rigid, the order becomes Aberdeen, Dundee,
Edinburgh, and Glasgow. More particularly, however, the relative
magnitude of the differences is obviously also entirely altered, by the
less rigid technique the rate in Glasgow, for example, being 2-9 times,
by the more trustworthy only 1-35 times as high as that found in
Aberdeen. There is, therefore, in this series, at least, an approximation
of the incidence rates in the individual cities when the more advisable
laboratory procedure is adopted. The even greater discrepancies
that would arise if one area uses a 4 weeks’, another an 8 weeks’, test
period can also be gauged from the statistics collected in Table 17.

In certain areas, for routine public health purposes, the procedure
has been to use only one guinea-pig which, after inoculation, was
retained for only 8-4 weeks. This procedure has its advantages for a
local authority looking for the source of infection of milk, as there is
less likelihood of a cow having been disposed of from a herd 4 weeks
after the sample was taken than 8 weeks after. But the fact that, of
the positive cases revealed in this inquiry roughly one-third have been
discovered only in the second guinea-pig is evidence sufficient (a) to
show that the real infection rate may be grossly understated by
the short method of search for the organism, and (b) to invalidate
completely any geographical comparison of the incidence of infection
so long as such wide discrepancies in the technique adopted as are
known in this country are operative. At the same time it affords
strong support for the general adoption of uniform technical methods
in this and other common laboratory procedures.

SUMMARY:

1. Over one-third of the positive cases would have been missed by
a technique in which only one guinea-pig kept for a period of four
weelks was used.

2. No accurate comparison between local incidences of infection
can be made unless a common procedure has been used.

GENERAL SUMMARY

The principal results of this collaborate investigation may briefly
be summarized as follows:

1. The extent of infection of samples of raw milk in churns, ascer-
tained by the technique outlined, is in the aggregate of the four
prineipal Scottish cities 10 per eent.

2. As would be anticipated, the degree of infection increases with
the amount of bulking to which the milk is subjected ; and in a series
of over 200 samples of ereamery bulked milks, wherein the average
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volume of milk from which the samples were taken reaches 500 gallons,
more than one-third of the samples were found infected with tubercle
bacilli.

3. A marked reduction of infection results from heat-treatment.
The superiority of the holding over the flash methods has been
elicited, and the relative efficiency of different plants examined.

4. It is estimated that the general rate of infection of milk retailed
in the four cities is a little above 5 per cent.

5. The examination of a large number of samples of Certified and
Grade A (T.T.) milks has shown the safety of these in respect of
tuberculous infection.

6. The necessity for a standard method of examination if com-
parisons between different areas are to be made has been clearly
demonstrated.



APPENDIX TABLE A

Raw Milk wn Churns. Infections in relation to number of churns from which sample is taken.

. Aberdeen. Dundee. Edinburgh. ‘ Glasgow. All areas.
Number of !
churns. + — 1. Total. + — 1. Total.; + — I. Total.! + -— I. Total.i -4~ — I. Total.

1 1 34 .. 3% | 4 82 12 98 | 1 18 2 211 3 23 .. 26 9 157 14 180
2 8 71 2 81 3 73 12 88 3 42 1 46 | 4 31 4 39 18 217 19 254
3 4 50 3 57| 4 50 11 65 | 7 43 2 521 5 47 2 hd | 20 190 18 228
4 3 5¢ 2 59 | 4 69 7 80 | 4 61 6 71 9 59 2 70| 20 243 17 280
5 5 3 .. 441 9 57 6 72 113 38 3 54| 3 38 1 421 30 172 10 212
6 3 19 22 1 24 4 29 6 31 2 39 7 30 .. 37 17 104 6 127
7 2 10 12 2 14 4 20 | .. 17 17| 6 19 3 28 | 10 60 7 77
8 3 5 8 2 21 1 24 4 15 19 4 15 2 21 13 56 3 72
9 2 10 12 1 9 1 .. 7 710 .. 7 .. 7 3 33 1 37
10 1 . 1,1 6 2 9 5 5 1 9 . 10 3 20 2 25
11 1 1 20 .. 2 . 2 1 1 4 . 5 2 8 . 10
12 .. 1 1 1 1 2 .. .. .. 1 1 1 2 1 4
13 .. . 1 1 271 1 2 1 .. 3
14 1 1| .. 1 1 . . 2 .. 2

15 . . ..
16 . 1 1 2 e 1 1 2
17 .. .. o .. . e .
18 1 Ve 1 1 . 1
55 3 . 1 4 3 . 1 4
N.S. 1 4 5 .. 1 1. 9 1 10 1 14 1 16
Total 33 204 7 33433 413 60 50639 281 16 336 |48 292 18 358 | 153 1,280 101 1,534

-+ = positive. — = negative, 1. = inconclusive.
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APPENDIX TABLE B
Raw Milk in Churns. Infections in relation to volume of milk from which sample is taken.

. ' Aberdeen. Dundee. Edinburgh. Glasgow. | All areas.
Volume of milk i

(gallons). ’ + — I. Total.| + — 1. Total.‘ 4~ — I. Total.l + — I. Total.“ 4 — I. Total.
5 o 6 61.. 11 1 12l.. 9 .. 9| .. F 4 .. 3 1 3l
5- . 28 26 2 2 5 331 42 17| 2 6 1 91 5 74 8 87
10~ 1 32 1 34 2 37 6 45].. 15 .. 15 1 21 1 23, 4 105 8§ 117
15- 4 28 .. 35 26 7 38,3 1 1 23 4 16 . 20 ; 16 89 8§ 113
20—~ '8 38 3 49l 1 s5¢ 10 65! 4 19 5 28| 2 22 2 2 15 133 2 168
25— P 24 1 25 1 12 5 18! 3 25 .. 28| 4 14 2 20 8 75 8 91
30— 1 3 1 324 51 6 61,4 32 1 37 4 41 .. 45| 13 154 8 175
35- i1 7 .. 183 2 3 31 o2& . 25 4 24 28| 9 94 3 106
40- I'5 3 1 36,1 3 3 40 2 29 3 341 28 1 30 9 123 8 140
45- 1 12 135 .. 21 3 2417 15 1 23/ 1 28 1 301! 9 76 5 90
50— 2 16 18/ 4 26 1 31:5 18 2 251 13 2 16, 12 73 5 20
55— 2 6 81 1 4 1 16! 1 10 .. |2 12 1 15 6 42 2 50
60- Y 8 9. 2 16 .. 1813 12 1 B, 4 12 2 18 10 48 3 61
65~ 1 2 3 .. 10 2 121 8 9 3 10 13, 5 30 2 37
70- 1 3 41 5 3 9! 1 9 0! 4 12 1 17 7 29 4 40
75— 1 2 3. .. 8 .. 8] 1 7 8! 2 3 .. 51 4 20 .. 24
80- . 4 4, 3 8 .. 111 4 5. 2 6 .. 8 6 22 .. 28
85— 1 3 41 4 .. 51 .. 1 1.1 3 .. 4. 3 .. 14
90— 1 3 4., 3 1 4. 2 2.1 2 .. 31 2 10 1 13
95— 1 . 111 1 .. 2. 2 21 2 .. 3 3 5 .. 8
100- 1 1 20 .. 3 1 4 .. .. . i1 4 1 6
105- .. 2 .. 2 .. oo . R 2 .. 2
110~ ! 1 1. .. 4 .. 4 .. 2 2] .. 3 .. 3 .. 10 .. 10
115~ i, 1 .. i . i . 1
120- . 1 1 2 .. 2 2 .. . 2 2. .. 3 3 6
125- .. 1 .. 1 .. 2 2. . L Ll 3 .. 3
130~ s 1., 1 1. I, 1 1 2
135 .. .. o se e PIRT BN .. PP .. e ..
140- .. 1 1., R o 1 1
145- I 1. A . o1 . 1
150~ - L1 2 30 1 2 3
155- L | 1 1 .. 1 1
160~ | .. ! . | ..
165- ; 1 1 Pl 1
895 - T 1 4 3 1 4
N.S. 2 .. 2 L. 7 1 81 .. 9 1 10
Total 33 204 7 33433 413 60 506,39 281 16 33 f 48 292 18 358 J 153 1,280 101 1,534

MTIN NI NOILOHANI SN0TN0¥AdNT

~+ = positive,

6
— = negative. I

. = inconclusive.
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APPENDIX TABLE C

Heat-treated milk.
Method of [ Aberdeen. Dundee. 1 Edinburgh. ! Glasgow. 1) All areas.
Heat-treatment. ‘ -+ — 1. Total.| + — I. Total.] <+ — I. Total.‘ -+ — I. Total.‘i -+ — I.  Total.
A | 14 114 | | b 23 1 24| .. 137 1 138
A(l) ! { 5 L. 11 20 .. 11 2
A(2) 1 ‘; | T 10 1 12; 1 1 1 12
B 4 82 3 89| .3 52 2 571 23 24 8 17 5 170
B (1) 1 98 29 | g j, D 28 . 29
¢ j : ; 88 2 90 9 .. 9, 97 2 99
D : | | 6 5 71| 66 5 71
}]?(1) : 21 167 20 208 8 4 03 6 1 11 121 262 25 308
) ‘ : 1 - .. 1
E (2) ] ( | j 1 1 1. 1
_E@ | ! } | 3 3 3 .. 3
by ; L4 187 20 211 | 6 61 4 193 20 217
B G i ; ] | 8 2 87, 85 2 87
H ‘ ‘ ) i i 2 2! 2 2
H (1) : | ' 3 3 3 3
H(2) ; ; ; i 3 3, 3 3
H (3) 1 g e | .. 1 1. 1 1
| i I T T T T B
Open cans immersed (é),‘ i } | } } i % i
in boiler (2) ] : ! Pt L
(3) ‘ 1 L 1 1 1 1
Sterilized ! .. 8 7 93] J g 86 7 93
Flash treated 15 93 1 109 51 22| 4 150 6 16020 260 7 291
Total 120 317 4 341,25 440 47 5l2| 8 312 13 333 6 329 13 348 59 1,398 77 1,534
A (1) Temp. 145; time 13 mins. E (1) Temp. 140; time 30 mins,

I (2) ” 145; I 20 1) i) (2) ’” 143; 5 30 I

B(l) , 130; ,, notstated s (3) 145; ,, 20 ,,

H1) ,s 144; ,, 30 mins. Open cans (1) ,, 150; ,, 20 ,,

» (2) ) 145; 2 15 I i) 19 (2) ” ]50; ) 30 3

» (8) 1805 ,, 10 »s s (3) Temp. and time not stated
- = positive. — = negative. 1. = inconclusive,

MTIK NI NOILOWANI SQO0TANHHINL

88



34 TUBERCULOUS INFECTION IN MILK

APPENDIX TABLE D

Dates of death of guinea-pigs in tests classified as inconclusive.

| v | - | 14 | 21- | 28~ | 35~ | 42— | 49~ | Total.
Raw Mk in Churns.
Aberdeen .. .. 1 2 .. 1 3 .. 7
Dundee .. 2 6 8 21 12 9 2 60
Edinburgh 1 4 .. 2 .. 3 4 2 16
Glasgow “ 3 1 3 3 4 4 18
All areas 1 9 7 13 24 19 20 8 101
Retailed Milk.
Aberdeen .. 2 i 4 2 2 3 14
Dundes 3 5 9 9 7 13 1 47
Edinburgh .e 5 2 3 2 3 2 17
Glasgow .. .. 4 2 3 . 9
All areas 3 12 12 20 13 21 6 87
Heat-treated Milk.
Aberdeen .. .. .. .. 2 1 1 .. 4
Dundee 2 2 4 6 8 10 12 3 47
Edinburgh . 1 2 1 1 3 2 3 13
Glasgow .. 1 .. 2 2 6 2 13
All areas 2 3 7 7 13 16 21 8 77
Certified . . 1 1 6 5 8 21
Grade A (T.T.) .. .. 1 2 1 4
Total . 1 1 7 7 9 25
Raw Milk in Tanks . 1 2 2 2 1 8




36 TUBERCULOUS INFECTION IN MILK

INQUIRY INTO THE TUBERCULOUS INFECTION OF THE
MILK SUPPLY OF SCOTLAND

GROUP B. HEAT-TREATED MILK
Centre ...

Sample Number................

Name and Address of
Pasteurizing Plant:

Whether sampled from {a) Cooler, (b) Churn, (¢) Bottle. Date
(Delete what does not apply)

Details of Process.
(i) Type of Pasteurizer
(ii) Capacity of Pasteurizer
(iii) Temperature and Time of Heating
(iv) Method of Temperature Control
(v) Were temperatures checked by Sampling Officer ?

Remarks:

Signature of Sampling Officer.......oo v,

Positive
Negative

DETAILS OF BIOLOGICAL TEST

Guinea-pig No. .......ccco....
Date of inoculation

RESULT OF BIOLOGICAL TEST

_Number of days after inoculation .



TUBERCULOUS INFECTION IN MILK 3

~1

INQUIRY INTO THE TUBERCULOUS INFECTION OF THE
MILK SUPPLY OF SCOTLAND

(675115 LT
Sample Number...........

Name and Address of

GROUP C. RETAILED MILK

Retailer:

Whether sampled from (a) Churn, (6) Bottle. Date
(Delete what does not apply)

Previous treatment, if any

(If unknown, say s0)
Remarks:

Signature of Sampling Officer ... ...ccccovvviicirnen.
Positive

RESULT OF BIOLOGICAL TEST

Negative

DETATLS OF BIOLOGICAL TEST

Guinea-pig No. ...
Date of inoculation
Date of autopsy : died

killed .
Number of days after inoc!

on .,

AUTOPSY
Typical tuberculous lesions?

DISTRIBUTION ;

Glands abdominal

meh“ic{regional? . -
thoracic? ..

Spleen ?
Other areas
Acid-fast bacilli

demonstrated in

DOUBTFUL LESIONS:
Features
Results of culture
Guinea-pig inoculation,

DIED OF INTERCURRENT INFRCTION :
Features and naturc of condition

Guinea-pig No...............
Date of inoculation
Datc of autopsy: died .
killed ..
Number of days after inoculation,.

ATUTOPSY
Typical tuberculous lesions? ... e
DISTRIBUTION

Local? ...

ki abdominal ?,
Glauds thoracic?..

Lwnphatic{mgimm”“‘ .
Spleen? ... Tiver?
Other areas ?
Acid-fast bacilli
demonstrated in

DOUBTFUL ILESIONS:
Features
Results of culture
Guinea-pig inoculation.

DIED OF INTERCURRENT INFECTION :
Features and nature of condition .
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INQUIRY INTO THE TUBERCULOUS INFECTION OF THE
MILK SUPPLY OF SCOTLAND

Centre.......omceces
Sample Number...................

Name and Address of
Producer:

Name and Address of
Retailer:

Where sampled ?

Bulk from which
sample is taken

GROUP D. GRADED MILK

Date

(@) Total herd, (b} Single churn, {c) Bottle.
(Defete what does not apply)

For farm samples, state number of cows in milk

Remarks:

Signature of Sampling Officer. ...,

RESULT OF BIOLOGICAL TEST

Positive
Negative

DETAILS OF BIOLOGICAL TEST

Guainea-pig No.... ..
Date of inoculation .
Date of autopsy: died

kilted
Number of days after inoculation ..

AUTODISY
Typical tuberculous lesions? ...
DISTRIBUTION onal?
. . {regional ?
Local? ... L}(;r}phg’;m abdominal ?
an thoracic? ..
Spleen? ..

Other arcas
Acid-fast bacilli
demonstrated in ...

DOUBTFUL LES
Features |
Results of enlture .
Guinea-pig inoculati

ON

DIED OF INTERCURRENT INFECTTON :
Features and nature of eondition ..

Guinea-pig No.
Date of inoculation
Date of autopsy: died

killed
Number of days after inoculation ..

AUTOPSY
Typical tubcreulous lesions? ... ...

DISTRIBUTION :

. {regional? .
Local? ... Lyér;g}:gsm {ab‘bominnl ?,
thoracic? .
Spleen ? |

Othier areas
Acid-fast baci
demonstrated in

DOUBTFUL LESIONS:
Teatnres
Results of culture
Gruincea-pig inoculat

DIED OF INTERCURRENT INFECTION :
Features and nature of condition ..

Signature of Bacteriologist. ...ccccomrvevreneinreireeesaeans

Printed under the authority of His MAJESTY'S STATIONERY OFFICE
by Joun JomNsoN, at the University Press, Oxford

(2062).
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SPECIAL REPORTS, &c.
Alcohol:

No. 31. Alcohol: its Absorptioninto and Disappearancefrom the Blood underdifferent
conditions. By E. Mellanby. (1919.] Out of print.
No. 34. The Influence of Alcohol on Manual Work and Neuro-muscular Co-ordination.
By H. M. Vernon. [1919.] Out of print.
No. 56. The Effects of Alcohol and some other Drugs during Normal and Fatigued
Conditions. By W. McDougali and May Smith. [1920.] 1s.(1s.1d.).
No. 168. Aleohol and Inheritance: An Experimental Study. By F. M. Durham and
H. M. Woods. [1932.] 1s. 3d.(1s. 4id.).
(Book). Alcohol: its Action on the Human Organism. Seccond Edition. [1924.)
1s. paper covers, 1s. 6d. cloth bound.
Anaerobic Bacteria: see WouND INFECTIONS.
Animals, Diseases of:
No. 121. Borna Disease and Enzootic Encephalo-Myelitis of Sheep and Cattle. By
S. Nicolau and 1. A, Galloway. [1928.] 5s.(5s.23d.).

Bacteriology (MISCELLANEOUS) :

No. 85. The Reaction of Culture dMedia, by S. R. Douglas, J. W. H. Eyre, P. P, Laidlaw,
and C. G. L. Wolf. Second Edition, revised by P. P. Laidlaw. (1927.] 6d. (7d.).

No. 49. On the Destruction of Bacteria in Milk by Electricity. By J. M. Beattie and
F.C. Lewis. [1920.] Out of print,

No. 51. TheLaboratory Diagnosis of Acute Intestinal Infections,including the Principles
and Practice of the Agglutination Tests. By the Committee upon Pathological
Methods. [1920.] 4s. 6d. (4s. 8d.).

No. 64. Ca(}:alogue of the National Collection of Type Cultures. Third Edition. [1981.]
2s, (25. 1d.).

No. 169. The Haemolytic Streptococci: Their Grouping by Agglutination. By F. W.
Andrewes and Ethel M. Christie, {1932.] 1s. 8d. (1s. 41d.).
See also SURGERY (No. 138).

A SYSTEM OF BACTERIOLOGY IN RELATION TO MEDICINE. (See p. X.)
Blood Physiology:
No. 72. The Acid-base Equilibrium of the Blood. By the Haemoglobin Committee.
[1928.] 2s.(2s. 1d.).
See also SHOCK, SURGICAL.

Borna Disease : see ANiMALS, Diseases oF.
* For overseas agencies see p. xi.
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Special Reports—continued.
Brain Surgery: see SURGERY.
Bright’s Disease : see NEPHRITIS.
Burns:
No. 141. The Tannic Acid Treatmentof Burns. By W.C. Wilson. [1929.] 1s.(1s.1d.)

Cancer :
No. 99. An Investigation into the Statistics of Cancer in Different Trades and Profes-
sions. By Matthew Young and W. T. Russell. {1926.]) 1s.6d.(1s.74d.).
See also Rapium.

Catgut: see SurGERY (No. 138),

Cerebro-spinal Fever :

No. 2. Report of the Special Advisory Committee upon Bacteriological Studies of
Cerebro-spinal Fever during the Epidemic of 1915. [1916.] Out of print.

No. 8. BacteriologicalStudiesin the Pathology and PreventiveControlof Cerebro-spin: 1
Fever among the Forces during 1915 and 1916. By M. H. Gordon, Martin Flack,
P. W. Bassett-Smith, T. G. M. Hine, and W. J, Tulloch. [1917.] Out of print.

No. 17. (1.) A Report upon theSeasonal Outbreak of Cerebro-spinal Feverin the Navy
at Portsmouth, 1916-17. By Paul Fildes and S. L. Baker. (Il.) The Treatment of
Cerebro-spinal Meningitis by Antimeningococcus Serum at the Royal Naval Hospital
Haslar, 1915-16-17. By G. P. Adshead. [1918.] 2s.6d. (2s. 84d.).

No. 50. Cerebro-spina} Fever. Studies in the Bacteriology, Preventive Control, and
Specific Treatment of Cerebro-spinal Fever among the Military Forces.1915-19. By
M. H. Gordon and others. [1920.] 4s. (4s. 3d.).

No.124. The Meningocoecus. By E. G. D. Murray. [1929.] 3s. 6d.(8s. 83d.).

Chemotherapy : see STREPTOCOCCAL INFECTIONS,

Child Life (ANTENATAL and POSTNATAL INVESTIGATIONS)

No. 10. The Mortalities of Birth, Infancy, and Childhood. By A. K. Chalmers. W. A,
Brend, L. Findlay, and J. Brownlee. [1917.] Out of print.

No. 74. The Relation between Home Conditionsand the Intelligence of School Children.
By L. Isserlis. [1923.] 1s.(1s. 1d.).

No. 81. The Effect of Maternal Social Conditions and Nutrition upon Birth-weight and
Birth-length. By M. Bruce Murray. {1924.] 1s. (1s.1d.).

No. 82. Maternal Syphilis as a cause of Death of the Foetus and of the New-born Child.
By J. N. Cruickshank. [1924.] 1s.6d. (1s.74d.).

No. 86. The Estimation of Foetal Age, the Weight and Length of Normal Foetuses,
and the Weights of Foetal Organs, By J. N. Cruickshank, M. J. Miller, and F, J.
Browne. [1924.] 2s.6d.(2s.7}d.).

No. 101. Poverty, Nutrition, and Growth : Studies of Child Life in Cities and Rural
Distriets of Scotland. By D. Noé&l Paton. Leonard Findlay, and others. (1026.]
10s. (10s. 43d.).

No. 109. A Clinicaland Pathological Study 01,673 Cases of Dead-Birthsand Neo-natal
Deaths. Compiled by E. L. Holland and J. E. Lane-Claypon. [1926.] 3s.6d.(35.73d.).

No. 114. Social Conditions and Acute Rheumatism. [1927.) 2s. 6d.(2s. 84.).

No. 117. The Toxaemias of Pregnancy : A Clinical and Biochemiea) Study. By J. N,
Cruickshank, J. Hewitt, and K. L. Couper. [1927.] 4s.(4s.2d.).

No. 118. The Cause of Foetal Death in 144 Cases. By A. C. Palmer. [1928.] 3s.
(3s. 2d.).

No. 145. The Causes of Neo-natal Death. By J. N, Cruickshank, [1930.] 1s.6d.
(1s. 74d.).

No. 157. Nutritional Anaemia in Infancy: The Influence of Iron Deficiency on Infant
Health. By H. M. M. Mackay, L. Goodfellow, and A. Bradford Hill. [1931.] 2s. (2s5.24d.).

No. 162. Intelligence and Disease. By Shepherd Dawson assisted by J.C. M. Conn.,
[1931.] 1s. (1s. 13d.).

See also NutriTION : RICKETS,



Special Reporis—continued.

Dental Disease :

No.70. ThestructureofTeethin relation to Dental Disease. By J.Howard Mummery,
[1922.] 2s.(2s.1d.).

No. 97. The Incidenceof Dental Diseasein Children, Bythe Committee for the Investi-
gation of Dental Disease. [1925.] 1s.6d.(1s. 74d.).

No. 140. Diet and the Teeth: An Experimental Study. Part I. Dental Structurein
Dogs. By May Mellanby. [1929.] 17s.6d.(18s.).

No. 153. Diet and the Teeth: An Experimental Study. Part II. A, Diet and Dental
Disease. B. Diet and Dental Structure in Mammals other than the Dog. By May
Mellanby. [1930.] 2s. 6d. (2s. 8}d.).

No. 159. The Influence of Diet on Caries in Children’s Teeth (Interim Report). By the
Dental Committee. [1931.] 6d. (7d.).

No. 171. Facial Growth in Children, with Special Reference to Dentition. Part I, by
Corisande Smyth. Part IT, by Matthew Young. [1932.] Is. 6d. (1s. 84.).

Diphtheria:
Nu. 115. Tbe Prevention of Diphtheria. By J.Graham Forbes. [1927.] 2s.(2s.1}d.).
(Buok) Diphtheria:its Bacteriology,Pathotogy,und lmmunology. By the Bacterio-
logical Committee, {1923.] 12s. 6d.(13s. 34.).
See also KEpipeMIOLOGY (No. 75), StaTisTics (No. 137).
Dysentery:

Reportsupon Investigationsin the United Kingdom of Dysentery Casesreceived from the
Eastern Mediterranean:—

No. 4. L. AmoebicDysenteryandtheProtozoologicalInvestigationofCasesand Carriers.

By Clifford Dobell. [1917.} Out of prini,
No. 5. [I. Report upon 878 Cases of Bacillary Enteritis. By L. Rajchman and G. T.
Western. [1917.} Out of print.

No. 6. IIl. Report upon recovered Cases of Intestinal Disease in the Royal Naval
Hospital, Haslar, 1915-16. By Paul Fildes and otbers. IV.Report upon combined
Clinical and Bacteriological Studies of Dysentery Cases from the Mediterranean. By
S. R. Douglas and L. Colebrook. [{1917.] 4s.6d. (4s.74d.).

No. 7. V. Report upon 2,360 Enteritis ‘ Convalescents’ received at Liverpool from
various Expeditionary Forces. By E. Glynn and others. [1918.] 2s.(2s.2d.).

No. 15. A Study of 1,300 Convalescent Cases of Dysentery from Home Hospitals: with
special reference to the Incidence and Treatment of Amoebic Dysentery Carriers. By
Clifford Dobell, H. S. Gettings, Margaret W, Jepps, and J. B, Stephens. {1918.}
18.3d.(1s. 4d.).

No. 29. A Contribution to the Study of Chronicity in Dysentery Carriers. By W,
Fleteher and Doris L. Mackinnon. [1919.] 9d. (10d.).

No. 30. An Investigation of the Flexner-Y Group of Dysentery Bacilli. By H. S,
Gettings. [1919.) 1s.(1s.1d.).

No. 40. Studies of Bacillary Dysentery oceurring in the British Forces in Macedonia,
By L. S. Dudgeon and others. [1919.] 8s.(3s. 14d.).

No. 42. A Study of the Serological Races of the Flexner Group of Dysentery Bacilli.
By F. W. Andrewes and A. C, Inman. {1919.] 2s.(2s.14d.).

See also Foop PoisoNING.

Encephalitis :
No. 108. The Shetlield Outbreak of Epidemic Encephalitisin 1924, [1926.] 1s. 9d.
(1s.103d.).
Enteric Infections :

No. 9. A Reportupon the Use of Atropineas a DiagnosticAgentin Typhoid Infection.
By H. F. Marris. [1917.] 1s.(1s.1d.).
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Special Reports—continued.

No. 48. A Report on the probable Proportion of Enteric Infectionsamong Undizgnosed
Febrile Cases invalided from the Western Front since Qctober 1916, By W. W. C,
Topley, 8. G. Platts, and C. G. Imrie. [1920.] 3s.(3s. 1$d.).

No. 179. Chronic Enteric Carriers and their Treatment. By C. H. Browning, with
others. [1933.] 1s. 6d. (1s. 73d.).

See also BAcTERIOLOGY : Foop PorsoNing.

Epidemiology :

No. 75. The Schick Test, Diphtheria and Scarlet Fever. By S. F. Dudley. [1923.]
1s.(1s.14d.).

No. 111. The Spread of Droplet I[nfection in Sermi-isolated Communities. By 8. I,
Dudley. [1926.] 1s.6d.{1s.73d.).

No.120. An Inquiry into the Relationship between Housing Conditions and the In-
cidence and Fatality of Measles. By .J. L. Halliday. [1928.] 1s.(1s.1d.).

No.137. Scarlet Fever, Diphtheria,and Enteric Fever, 1895-1914 : A Clinical-Statistical
Study. By E. W. Goodall, M. Greenwood, and W. T. Russell. [1929.] 2s.(2s. 13d.).

No. 180. Epidemiological Study of Scarlet Fever in England and Wales since 1900,
By Hilda M. Woods. [1933.] 1s. 8d. (1s. 4}d.).

See also SmaLL-rox ; TUBERCULOSIS | etce.

Flying, Medical Problems of:

Reports of the Air Medical Investigation Committee: —

No. 28. The Seunse of Balance and Stability in the Air. By Henry Head. [1918].
9d.(10d.). (Includedin No. 53.)

No. 37. The Effects of Diminished Teusion of Oxygen, with especial reference to the
Activity of the Adrenal Glands. By C. H, Kellaway. The Earin relation to certain
Disabilities in Flying. By S. Scott. {1919.] 1s.(1s.1d.).

No. 53. The Medical Problems of Flying (including reports on oxygen want,selection
of candidates for flying, sense of balance, and flying strain). [1920.] 6s5.(6s.44d.).

No. 84. The Application of the Air force Physical Efficiency Teststo Menand Women,
By L. D. Cripps. [1924.] 1s.6d.(1s.74d.).

Food Poisoning:

No. 24, A Report on the Investigation of an Epidemic caused by Bacillus aertrycke.
By H. Marrian Perry and H. L. Tidy. [1919.] 94.(10d.).

No. 91. An Investigation of the Salmonella Group, with Special Reference to Food
Poisoning. By W. G. Savage and P. Bruce White. [1925.] 38s. 6d. (3s.8d.).

No. 92. Food Poisoning : a Study of 100 Recent Outbreaks. By W, G.Savage and
P. Bruce White. [1925.] 2s5.6d.(2s.8d.).

No. 103. Further Studies of the Salmonella Group. By P. Bruce White. [1926.)
58.(5s.23d.).

Goitre:

No. 154. Iodine Supply and the Incidence of Endemic Goitre. By J. B. Orr. [1931.]

4d.(5d.) See also NuTrIiTIiON (No. 123).
Haemoglobin : see BLoob.
Hearing:

No. 166. Reports of the Committee upon the Physiology of Hearing. I.The Localization
of Soundsin the Median Plane. By J.H. Shaxby, and F. H. Gage. II. Some Factors in
Auditory Localization. By H.E.O.James and Marion E. Massey. [1982.] 1s. (1s.1}d.).

Heart:

No. 8. Report upon Soldiers returned as Cases of ¢ Disordered Action of the Heart’
(D.A.H.), or Valvular Disease of the Heart. By Sir Thomas Lewis. [1917,]
1s.(1s.1d.).

No. 147. The Electrocardiogram. By W. H. Craib. [1930.] 1s.3d.(1s.4}d.).



Special Reports—continued.

Industrial Health:

The Annual Reports of the Industrial Health (formerly Fatigue) Research Board,and
specialreports on particularsubjects,are published forthe Councilin separate series.
The subjects dealt with include accident causation, rest pauses, spells of work,
movement study, vocational selection, and problems of particular industries. A
list can be supplied onapplication to the Secretaryof the Board, 88 Old Queen Street,
Westminster, S.W.1.

Influenza:

No. 86. StudiesofInfluenzain Hospitalsofthe British Armiesin France,1918. {19189.]
8s.6d.(3s.8d.).

No. 63. Studies in the Aetiology of Epidemic Influenza. By J.Meclntosh. [1922.]
23.6d.(2s.7d.).

Jaundice :
No. 113. Spirochaetal Jaundice. By G.Buchanan. [1927.] 4s.(4s.2d.).

Light Treatment:
No.131. Irradiation and Health: Two Experimental Studies. By Dora Colebrook.

[1929.] 1s. 6d.(1s.7d.).
Malaria : see QUININE.
Maternal Mortality: see CaiLD LIFE and STREPTOCOCCAL INFECTIONS.
Measles: see ErinEMioLoGy (No. 120),
Miners’ Dietaries : see Nurritios.

Miners’' Diseases, etc.:
No. 89. Reporton Miners’‘Beat Knee’, ‘ Beat Hand' , and *Beat Elbow’. ByE, L.
Collisand T. L. Lilewellyn. [1924.] 1s.64.(1s.7d.).
Seealso JAUNDICE (No0.113).

Miners' Nystagmus : sce Vision.
Nephritis :
No. 43. Albuminuria and War Nephritis among British Troops in France. By H,
MacLean. [1918.] 2s.6d.(2s.84d.).
No. 142. A Classification of Bright’s Disease. By Dorothy S. Russell. [1929.]
8s. 6d.(8s.10d.).
No. 178. A Study of Nephritisand Allied Lesions, By J.Gray. [1933.] 2s.6d. (2s.8}d.).

Nerve Injuries :
Reports of the Committee upon Injuries of the Nervous System :—
No.54. TheDiagnosisand Treatment of Peripheral NerveInjuries.[1920.]2s, (25.13d.).
No.88. Injuriesof the Spinal Cord and Cauda Equina. [1924.] 1s.6d.(15.7}d.).

Nuatrition :

No. 13. An Enquiry into the Composition of Dietaries, with special reference to the

Dietaries of Munition Workers. By Viscount Dunluce and Major Greenwood. [1918.]
Out of print.

No. 87. Report on the Nutrition of Miners and their Families. By the Committee upon
Quantitative Problems in Human Nutrition. [1924.] 1s. 84, (1s, 4d.).

No. 105. Diets for Boys during the SchoolAge. By H.C.Corry Mann, [1926.] 2s. 6d
(2s. 74d.).

No. 123. Iodine in Nutrition : a Review of Existing Information. By J. B. Orr and
I. Leitch. [1929.] 2s.6d.(2s.8d.). See also Gorrre (No. 154).

No. 135. The Carbohydrate Content of Foods. By R.A.McCance and R. D. Lawrence.
[1929.] 2s.(2s. 1}d.).



Special Reports—continued.

No. 146. The Antiscurvy Vitamin in Apples. By Mary F. Bracewell, E. Hoyle, and
S.S. Zilva. [1930.] 94.(10d.).

No. 151. A Study in Nutrition. An Inquiry into the Diet of 154 Families of St. Andrews.
By E. P. Catheart and A. M. T. Murray, assisted by M. Shanks, Out of print.

No. 155. Studies of Nutrition : The Physique and Health of Two African Tribes. By J. B,
Orr and J. L. Gilks, {1931.} 2s. (2s. 2d.).

No. 158. The Quantitative Estimation of Vitamin D by Radiography. By R. B. Bour-
dillon, H. M. Bruce, C. Fischmann, and T. A. Webster. [19381.] 1s.(1s. 13d.).

No. 165. Studiesin Nutrition. AnInquiry intothe Dietof Familiesin Cardiff and Read-
ing. By E. P. Cathcart and A. M. T. Murray, assisted by M. Shanks. [1932.] 6d.(7d.).

No. 167. Vitamins: A Survey of Present Knowledge. By a Committee appointed jointly
by the Lister Institute and Medical Research Council. [1932.] 6s. 6d. (7s. 03d.).

No. 175. Vitamin Content of Australian, New Zealand, and English Butters. By M.E.F,
Crawford, E. O. V. Perry, and S. S. Zilva. [1932.] 1s. (1s. 14d.).

No. 187. The Chemistry of Flesh Foods and their Losses on Cooking. By R. A. McCance
and H. L. Shipp. [1938.] 2s. 6d. (2s. 84d.).

See also CniLp Lire ; RICKETS ; DENTAL DISEASE,
Pituitary Extract : see STANDARDS.

Pneumonia:
No. 79. Bacteriologicaland Clinical Observations on Pneumonia and Empyemata, with
special reference to the Pneumococcusand to Serum Treatment. By E. E. Glynn and
Lettice Digby. [1923.] 5s.(5s. 3d.).

Pneumothorax, Artificial : see TUBERCULOSIS
Print, Legibility of : see Vision.

Protozoan Infections :
No. 59. A Reporton theOccurrence of Intestinal Protozoain theinhabitants of Britain.
By Clifford Dobell. [1921.] 2s.(2s.14d.).

Psychology:
No.170. Studies in the Psychology of Delinquency. By G. W, Pailthorpe. [1832.]
2s. (2s. 2d.).
Quinine :
No. 98. Clinical Comparisons of Quinine and Quinidine, By the Committee upon
Cinchona Derivatives and Malaria. [1925.] 1s.(1s.1d.).

Radium :

No. 62. Medical Uses of Radium : Studies of the Effects of Gamma Raysfrom a large
Quantity of Radium. By various authors. [1922.] 5s.(5s. 34d.).

No. 90. MedicalUsesof Radium: Summary of Reportsfrom Research Centresfor1923 .
(1924.] 1s.(1s.14d.).

No. 102. Ditto for 1924. [1926.] 1s.6d.(1s.7d.).

No. 112. Ditto for 1925. [1926.] 1s.3d.(1s.4d.).

No.116. Ditto for 1926. [1927.] 1s.(ls.13d.).

No. 126. Ditto for 1927. [1928.] 1s.(1s.13d.).

No. 144. Dittofor 1928. [1929.] 1s.(1s.1d.).

No. 150. Dittofor 1929. [1930.] 9d.(10d.).

No. 160. Ditto for 1930. [1931.] 1s.(1s. 1d.).

No. 174. Ditto for 1981. [1932.] 1s. 8d.(1s. 4}d.).

No. 186. Ditto for 1932. [1933.] 1s. (1s. 1d.).

Rheumatism : see CHiLD LiFe (No.114).
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Special Reports—continued.

Venereal Diseases :
No. 14. The Wassermann Test. By the Committee upen Pathological Methods. 1918,
Reprinted. [1921.] 1s.(1s.1d.).

No. 19. TheLaboratory Diagnosisof Gonococcal Infections. Methods for the Detection
of Spironema pallidum. By the Bacteriological Committee. New Edition. [1923.]
1s.64d. (1s.7}d.).

No. 21. The Diagnostic Value of the Wassermaun Test. By the Committee upon
Pathological Methods. [1918.] Out of print.

No. 23. An Analysisof the Results of Wassermann Reactions in 1,485 Cases of Syphilis
or Suspected Syphilis. By Paul Fildes and R. J. G. Parnell. [1019.] 2s.(2s.1d.).

No.41. (I.) Anlnvestigationintothe Ultimate Results of the Treatment of Syphilis with
Arsenical Compounds. By Paul Fildes and R. J. G. Parnell. (IL) A Clinical Study
of the Toxic Reactions which follow the Intravenous Administration of ‘914°. By
R.J.G. Parnelland Paul Fildes. {1919.] 2s.(2s. 1d.).

No. 44. Reportsofthe Special Committee upon the Manufacture, Biological Testing,and
Clinical Administration of Salvarsan and of its Substitutes. 1. [1919.] 1s.(1s. 1d.).
No. 45. Unsuspected Involvement of the Central Nervous Systemin Syphilis. By Paul

Fildes, R. J. G. Parnell, and H. B, Maitland. [1920.] 1s.(1s.1d.).

No. 47. The Accuracy of Wassermann Tests,applied before and afterdeath,estimated by
Necropsies, I, The Wassermann Test applied before death, By H. M. Turnbull.
{1920.) 2s. 6d. (2s. 734.).

No. 55. (I.) Resultsof the Examination of Tissues from Eight Cases of Death follewing
Injections of Salvarsan. By H. M. Turnbull. (IL.) The Influence of Salvarsan
Treatment on the Development and Persistence of Immunity, asindicated by Measure-
ments of Agglutinins. By E. W. Ainley Walker. [1920.] 3s.(3s.13d.).

No. 66. Toxic Effectsfollowing the Employment of Arsenobenzol Preparations. By the
Salvarsan Committee. [1922.] 2s.(2s.13d.).

No. 78. The Serum Diagnosis of Syphilis: The Wassermanp and Sigma Reactions
compared. {1923.] 5s.6d. (5s.9d.).

No. 107. The Effcct of Treatment on the Wassermann Reactions of Syphilitic Patients.
By E. E. Glynp, R. E. Roberts, and P. M. Bigland. (1926.] 3s. 6d. (3s. 84d.).

No. 129, The Wassermann Test. Technical Details of No.1 Method M.R.C.(Modified).
By E. J. Wyler. [1929.] 94. (10d.).

No. 132, The Treatment of Syphilis: A Survev of Records from St. Thomas’s Hos-
pital. By L. W. Harrison. [1929.] 2s.(2s.14d.).
Ventilation, etc.:

No. 82. The Science of Ventilation and Open-air Treatment. Part I. By Leonard Hill.
{1919.] 10s. (10s. 534d.).

No. 52. The Science of Ventilation and Open-air Treatment. Part1I. By Leonard Hill.
[1920.] 6s. (6s. 43d.).

No. 78. The Kata-thermometer in Studies of Body Heat and Efliciency. By Leonard
Hill and others. [1923.] 5s. (5s. 23d.).

No. 100. Methods of Investigating Ventilation and its Effects. By H, M, Vernon and
others, [1926.] 2s.(2s.13d.).
Vision :
No. 65. First Report of the Miners’ Nystagmus Committee, [1922. Out of print,
No. 80. Second Report of the Miners’ Nystagmus Committee. {1923.) 9d.(10d.).
No.110. TheLegibility of Print. By R.L. Pyke. [1926.] 4s.(4s.2d.).
No. 176. Third Report of the Miners’ Nystagmus Committee. [1932.] 9d. (10d.).
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Special Reports—continued.

Reports of the Committee on the Physiology of Vision :

No.104. I. Illumination and Visual Capacities. By R.J.Lythgoe. [1926.] 2s.6d.
(2s.74d.).

No. 127. II. Dark Adaptation (a Review of the Literature). By Dorothy Adams.
[1929.) 5s. (5. 24d.).

No. 130, III. Two Studies in the Psychology of Reading. By M.D. Vernonand R. W,
Pickford. [1929.] 2s.(2s.13d.).

No. 183. 1IV. Experiments on Binocular Visicn. By N. M. S. Langlands. {1929."
2s.6d. (2s. 8d.).

No. 134. V. The Adaptation of the Eye: its Relation to the Critical Frequency of
Flicker. By R. J.Lythgoe and K. Tansley. [1929.] 2s.6d. (2s.7d.).

No.186. VI. Some Experimentson Peripheral Vision. By Myer Salaman, [1929.]
2s. 6d. (23.7d.).

No.139. VII. A Re-determination of the Trichromatic Mixture Data. By W. D.
Wright. [1929.] 1s.3d.(1s. 4d.).

No. 148. VIII. The Movements ofthe Eyes in Reading. By M. D. Vernon. {1930.}
9d. (10d.).

No. 163. IX. Psychological Factorsin Peripheral Vision. By G.C.Grindley. [1931.] 1s.
(1s. 1d.)

No. 178. X. The Measurement of Visual Acuity. By R. J. Lythgoe. [1932.] 1s. 64d.
(1s. 74d.)

No. 181. XI. Individual Differences in Normal Colour Vision. By W. O’D. Pierce.
[1933.] 2s. (2s. 13d.).

No. 185. XII Colour Vision Requirements in the Royal Navy, [1983.] 1s. (1s. 14d.)

Vitamins: see NUTRITION,
Wassermann Test: see VENEREAL DisEASES,

Wound Infections:

No, 12, The Classification and Study of the Anaerobic Bacteria of War Wounds. By
J. McIntosh. [1917.] Out of print.

No. 39. Report on the Anaerobic Infections of Wounds and the Bacteriological and
Serological Problems arising therefrom. By the Committee upon Anaerobic Bacteria
and Infections. [1919.] 6s.(6s.3}4d.).

No.57. Studiesi n Wound Infections. ByS.R.Douglas,A.Fleming,and L. Colebrook.
{1920.] 4s.6d. (45.8%d.).

The following books were published under the direction of the Medical Research Com-
mittee and are obtainable from the publishers named :

Milk and its Hygienic Relations. By Janet E. Lane-Claypon. 9s, net. {Longmans,
Green & Co.]

The Amoebae living in Man. By Clifford Dobell. 7s. 64. net. [Bale, Sons &
Danielsson, Ltd.]

The Intestinal Protozoa of Man. By Clifford Dobell and ¥.W.0’Connor. 135s. net:
[Bale, Sons & Danielsson, Ltd.]
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