
MALARIA 
Its Investigation and Control 
with special reference to Indian co_nditions 

KNOWLES AND 

SENIOR-WHITE 



MICROSCOPES 
NEW MODEL 

STAND 
ESG 

Sets a new standard 
in design and utility 

As used a t t h e 
School of Tropical 
Medicine, Calcutta 

Prince of Wales 
Medical College 

Patna 

Lady Hardinge 
Medical College 

Delhi 

Medical College 
Calcutta 

and by a large num• 
ber of Civil Sur
geons and Medical 
Officers of Health • 

. ~Co/& 
~poPArE"tll• 
N wfJ.O Ot FI CE 
• 7.VICTORIA ST. LONDON . 

Juse £ <enanqe g,.;{dinq 
e S'!f. Bai/ard Esl<ile 
' TA. BOMBP.Y. 



LANTERNS FOR LECTURES 
The L L OYD. 

A n ideal instru 

mE'nt for 

P ublic Health 

P ropaganda 

In the 

M ofussil. 

The ICA 

H and Epidiascope 

New Mod el 

1927. 

For 110v. or 220v. 

circuits , 

consume s 

3 ·5 amps. 

I I II I~ 11!1 1111111111! I ill! IIIII iii! illl 

Suppl ied with 

4 -jet acetylene 

burner, gener-

ator and 

trave ll ing case. 

Size 

24" 18"x 9" 

Projects 

post cards, pages 

from books , 

drawings, 

sketches, 

g raphs, etc. 

'lnd 

&.. an tern 

Sli des . 

Write lor illus t r 
SOLE DIST. 

GI PE-PUNE-0074X9 ~the 

ZEISS-IKON . 

A .G. 

DRESDEN. 

,OIA : 

~/if!!:!: eo _a 
Src-:;nc., /-J"'LJ:;e [\Ct\J•tCe 3v •}d/rta 
5D:J.r .... ~ .5:;/· 811 . ..Jr.: Es.'a!c 

C ALCUT Tf\. e 0.'\BAY 

I ncorporating 

ICA, A .G . 

C.P. GOERZ 

CONTESSA
NETTEL 

ERNEMANN 



In making your purchases of Scientific 
Apparatus· and Chemicals 

you should always go to a firm who is well-known in . the line, 
holds the largest and JD~St varied stock, clearly understands 
your needs and requirements and thus able to supply you the 

right stuff. and executes your orders promptly. 

We have the above qualifications, and so you should place your 
orders with us, or at least give us a triaL 

We stock and seD the following: 

Chemicals, by Merck, Kahlbaum, Schuchardt, British Drug Houses, etc. 
Chemical Apparatus, from Pyrex, J ena, "R" Glass, "T" Gla!s, Monax Glass, 

Thuringian Glass, etc. 
Baotertologlcal Apparatus, bv Hearson, Reichert, Baird and Tatlock, Cambridge 

Instrument Co., Hellige, etc. 
Entomological Articles, such as pins, cork sheets, fly traps, poison bo.ttles, 

mounting and Museum cases, etc. 
Colorimeters, Hellige, Dubose, B.D.H. comparators, etc. 
Rubber, Porcelain, Platinum, Nlokelwares, etc. 
Special Chemicals, such as Soda antim. tartrate fort Kala-azar. Ilangbans for 

Diabetes, Ureastibamine for Kala-azar, etc. 
Microscopes and accessories by Reichert, Zeiss, Leitz, Beck, Watson, 

Swift, etc: 
Rare Sugars, sul'h as adonite, galactose, raffinose, mellitose, trehalose, xylose, etc. 
Spec·lal Apparatus, such as Kahn test outfit for Syphilis, Maclean'~ Blood Sugar 

outfit, Cambridge.EiectrOI-Cardiographs. Hanovia Quartz Lamps, etc., etc. 
Photo Goods, and accessories in everything photographic. 
Stains, in dry or liquid form, by Grnblcr, Merck, etc. Onr stock in this line is 

extremely varied. 
And many other things too numerous to mention here. 
We supply to all the leading Laboratories, Unh·ersities and Research Workers 

throughout India and Burma. Why should we not supply you also ? 

While in Town please visit us. 

SCIEIITIFIC SUPPLIES (BEll GAL) 
29 to 36, College Street Market, (1st Floor), 

" SCIENCE" BLOCK, CALCUTTA. 

co., 
Telegrams: "Bltisynd, Calcutta." Telephone: Burrabazar &24. 



''DIFCO'' PRODUCTS 
HAVE MADE A NAME IN THE SCIENTIFIC ; WORLD 

on account of the extra high quality 
of. their· various · products, namely : · 
-· 

1 Bacto 1 Peptone, Proteose Peptone, 
• Bacto 1 Beef heart, dehydrated for antigens, 
• Bacto 1 Dehydrated Culture .Media, for various . ·purposes · in 

Bacteriological work, Fermentation stud~es, fathological 
and Mycological work, 

• Bacto 1 Diphtheria outfits, and Ka~n test reagents, . 
• Bacto 1 Rare sugars and chemicals, 
• Bacto • O:~gall and Sodium taurocholate, etc., 
• Bacto' Standard reagents for Milk analysis according to the 

formulre of A.P.H.A. ' Standard .Methods', 1923, 
and various other 'BACTO • Products in every line of 
Research. 

Used throughout the world for their · bigh quality for every kind of 
Research work in Bacteriological and Clinical work. 

Why not uae them in your Routine or Reaearch Work 7 

We are certain )'OU will be highly •atiafieJ. 

Comprehenaive etock held by 

SOLE INDIAN AGENTS: 

SCIENTIFIC SUPPLIES (BENGAL) CO., 
zg to 36, College Street Market, 

"SCIENCE BLOCK," CALCUTT A. 
Telegram• : " Blt.laynd, Calout.t.a." Telephone : Burrabazar 124. 



SELECTED FREHCH PRODUCTS 
ANTI-ANAPHYLACTIC CURE OF ALL 
CHRONIC. AND NON-CONTAGIOUS 

· DISEASES 

By · ENTERO-ANTIGENES of 
Dr. M • .J. DANYSZ 

Pasteur Institute, :Paris. 
Asthma. Liver Affections. Eczema. 

BYLA'S 
HEMOSEROL 

Tonic of P.reference by all the 
leading doctors. 

SYPHILIS 
At all·its periods al!d all its aspects. 

QUINBY 
Direct action on the spinal fluid. 

A PERFECT SEDATIVE 

NICAN DROPS 
of all sorts of coughs, whooping cough, 

etc., etc. 

AMPOULES 
Made in' Paris. 

Emetine, Quinine~-. Adrenaline, Cafeine, 
Calcium-'-hloride, etc. 

HYPODERMIC SYRINGES 
· all-glass 

Made in France. 
2 c.c. to 20 c.c. 

Hollow an'd Solid Pistons. 

HYDROGEN 

DEFECTIVE NUTRITION, PHYSICAL 
AND MENTAL DEPRESSION CURF.D 

WITH. 
The New Neurotonlc Injection 

TONIKEINE 
Contains various tonic substances and 

ISOTONIC SEA-WATER. 

EPILEPSY, HYSTERIA 

LIPOCERBRINE 
Ethereal extract of sheep's whole brains 

in form of Ampoules and Pills 

RADIO-ACTIVE BOUGIES 

RETHRAGINE 
AGAINST ACUTE AND CHRONIC 

URETHRAL INFECTIONS 
No Toxic. No Caustic. 

RADIO-ACTIVE 

Crayons, LEUCAGINE, Ovules. 
For Acute and Chronic Uterine and Vaginal 

Infections. 

FERRO-ARSENICAL INJECTION 

SEROFERRINE 
For Malarial Cachexia, Chlorosis, etc., etc. 

Solution 1 : 1000 

ADRENALINE CHLORIDE 
(France.) 

1 oz. ando 10 c.c. bottles. 
Made in Paris. 

PEROXIDE 
10 Vola. 

Bot\lea or 4 oz., 8 oz. and 16 oz. 

Sole Agents : 

CALCUTTA 

Post Box408 .RAPTAI(OS & PREVEL 
PARIS 

21, Rue Couderest 

BOMBAY 

Post Box 937 



The Laboratories of 

I. G. Farbenindustrie A. G., Germany 

(Bayer, Meister Lucius, Kalle, Cassella and Agfa) 
offer the. Medical profession the following first 
class remedies for tropical di1eases: 

Malaria:--

Trypanosomiasis:

Kala-a:zar :-

Leprosy:-

Typhus:

Cholera :-

Plague:-

Dysentery:-

Sepsis:-

Plasmoquine -
Plasmoquine Compound 
Aristochin, 96 % tasteless quinine 
N eo-Sal varsan (Intra venous) 
Myo • Salvarsan (Subcutaneous, 

Intramuscular) 
S p i r o c i d , arsenical spirillicide 

tablets 
Optarson, arsenical tonic, ampoules 

Germanin (Bayer 205) 

Stibosan (Antimony v. Heyden), 
Bayer 693, the new improved 

antimony preparation 

Antileprol Bayer, cap a u I e a, 
ampoules 

M L B'a Typhoid Vaccine 

M L B'a Cholera Vaccine 

M L B'a Plague Serum 
M L B'a Plague Vaccine 

M L B's Antidyaenleric S e r u m 
Spirocid Tablets (Amoeba dyaen-

teria) 

Rivanol -
Trypaflavine • 

For lurtber particulars HAVERO TRADING CO., LTD. 
Ph1.rm•ceutlc•l Dep•rtment "B•yer•Melster Lucius." 

apply to:-
15, Clive Street, CALCUTTA. 



The Prominent and Reliable House 
FOR 

Drugs 

Chemicals 

• 
0 

Patent Medicines 

Surgical Instruments 

. . 

D ressip.gs and Sundries. 

Suppliers to :-

Native States 
Govt. Hospitals 
District Boards 
Charitable Institutions 
Municipalities .. 
Jails, Tea Estates, &c., &c. 

.. 

Rates Moderate. Prompt Supply. 
Fresh Stock always at disposal. 

. 

Absolute Satisfaction Guaranteed 

Send your order to-day or apply for 
a free copy of Price List to:-

AMIN & ISMAIL Wholesale.Chemists 
and Druggrsts • • • 

80/8 & 80j9, Colootolah Street, Calcutt«\. 



VITALIA "New Life" TONIC. 

all 
ewLife Q 

Tonic 
=l.,;l,.bl, Tonic food io com tl ~ 
• littnhu•a ~ Wut in1 OitteiU ud pattk~ 
--~·,hr i o, ••~ othor T ropiul Dou~lll, * ·II 
teo. IJ,Ioll ... ,,. I••• roo i4uu i• Tropoc Cou• 
_,.uthmo •• VITALIA" He• Uf• "T .. r 

l,t.y II Olf"AUUD or AU. CM&It\m 

Sol• N•,.~fatlwl'frtl 

"'""' VITALIA LT D., 
llo IOIIJIACE STRttT, LONDON, S.LI, llfCUII. 

. .Sol, At••ti/M 1,.,n. <f;8•""• : 
liclro, Wilooo l Co , l6 Chowri""- ~(;lola 

Pri ce R2-8. 

S% 

Hremoglobin. 

Alter an atlack ol 

MALARIA 
the system Is left In an extremely 
exhausted condition. n Is Imperative 
that the patient should have the most 

Efficient Restorative. 
In these circumstances 

Vifalia "Hew life" Tonic 
Justifies Its name and proves l·tself 
most effective. It Ia quick In action and 
gives permanent Improvement. Free from 
drugs, It can be administered with 
complete confidence In all casea. Useful 

also as a preventative. 

A noted Londo11 Physician says:-

1 have great pleasure In reporting what 
I have myself noticed of the beneficial 
effects of Vltalla. I gave It In a case 
of nervous breakdown. The result of 
Malarial fever and the effect as a nerve 

tonic was perfeotiJ marvellous. 

A•••t• lor /adl• •ad llurm.ab :-

Messrs. VICHERS \\'ILSON 4 Co., 2G, Chowrlngbee Road, Calcutta. 



Microscopy 

Microtomy 

Photo .... 
Micrography 

B lood .... Counting 

Colorimetry 

Spectroscopy 

B acterio I o gy 

'/!de 

Instruments 
for Scientific 

Work. 

Sole Distributing Agent.s : I 

H. E. Metzkes & Company 1 

7, Esplanade East, CALCUTf A. ! 

I 



Gonorrhreallnfections 
Yield rapidly to 

DETOXICATED VACCINES 
The unique advantages of detoxicated llaccines in 
the treatment of Gonorrhrea have been warmly praised 
by physicians all over the World. In England these 
vaccines are used in all the V.D. Clinics, as well as 
being extensively employed in private practice. 

Detoxicated Gonococcal Vaccine(A) 
-Being non-toxic,, this vaccine may be given in 
relatively enormous doses, which cause no reaction. 
The vaccine is polyvalent and is indicated in all early 

· cases of gonorrhrea, also in cases of gonococcal 
arthritis, orchitis, iritis, endocarditis, salpingitis ovaritis, 
etc. A course of Detoxicated Gonococcal Vaccine (A)· 
will practically ensure freedom from gonorrhreal 
rheumatism and other systemic complications. 

Detoxicated Gonococcal Vaccine(B) 
-This vaccine is composed of equal parts of the above 
Vaccine A, and the organisms found as secondary 
invaders in cases of gonorrhrea of more than three or 
four weeks' duration. It is indicated in old-standing 
chronic cases in combination with prostatic massage 
and other treatment. 

Att ittterestittg bf'OChNr'll, git~ingfuU details of lhe comf>osi· 
liOtt, dosage -d J>rices of DetoJ&icated Gonococcal Vaccines 
A atUI B, together' 111itla much useful info,.,atioH coracenti11g 
other' flarieties of lktoJ&icated flaccines, ma;y be obtained from 

Genaloaaa Ltd., 143-5, Great Portlaad Street. London. W.l, 
or' from ou,.Indian Agents: 

MARTIN &: HARRIS LTD .. a, Waterloo Street. CALCUTT A. 



Medical 
men 
find 

will 
HORLICK'S 

MALTED MILK 
a Yery reliable and palatable food
drink. Ita solubility is perfect ia hot 
or c:old water and it goes weD with 

aerated waters. 
When ordinary food, eYeD a milk diet, 
c:aDDOt be retained, an iced Horlick's is 
always grateful to the most delicate 

stomach. 
The Yital heat and strength is easily 
maiatained on HORLICK'S MAL TED 
MILK as the Caloric yaJue is 4.27 per 
gramme, or IZI per oz. with a antritive 
ratio of 1 ia 6.36, the protein-deriYed 
Calories being about It to the ounce. 
The carbo-hydrate c:ontent is the lac
tose of the milk with the maltose, 
deD:rine aDd intermediate products 
deriYed from the cereals ia the ap
proximate proportions of Lactose 1, 

Maltose 4, Dextrine Z. 
The relation of Fats, proteins, and 

carbo-hydrates is about 1, Z, 8. 
In sealed glass bottles, keeping in

definitely ia all climates. 

Made b:1 

In 4 sizes of all 
Bazaars. Stores 

HORUCl'S lllLTED MILl 
CO. LTD. 

SLOUGH, BUCKS, ENG. 



Klett's For Urine and 

Colorimeters Blood Tests 

Incubators. Autoclaves. Sterilizers. 

Microscopes Hremo· 

Microtomes cytometers 

Spectroscopes and G!obino-

meters 

The Scientific Instrument Co., Ltd. 
1, Johnstongunj, 
Allahabad. 

36, Central A venue, 
Calcutta. 

MANUFACTURERS of 

Glass Ampoules; Widal Capsules; Agglutination Tubes; Durham's 
Tubes; Potato Tubes; Test Tubes; Specimen Tubes; Machoia 
Tubes; Pipettes; Burretlcs; Centrifuge Tubes; etc., etc. 

STOCKISTS of 

Laboratory Glasswares; Kahlbaum's Reagents; Coleman and 
Bells' Certified Stains; Slides; Cover Slips, etc., etc. 

Complete Laboratory Furnishers and Suppliers. 



The Proved Best Pneumatic Knapsack in Existence. 

''FOUR OAKS'' 
PNEUMATIC KNAPSACK SPRAYER. 

"KENT" PATTERN No.4 ANTI-MALARIAL SPRAYER. 

SPECIAL MACHINE FITTED WITH SUITABLE ARMOURED HOSE AND WASHES 
FOR USE WITH 

CRUDE·OIL, KEROSINE OR DISINFECTANTS. 
THE ABOVE ARE SUITABLE FOR USE WITH EVERY VARIETY OF FRUIT TREE; 

ALSO POTATO WASHES, INCLUDING LIVER OF SULPHUR AND LIME-SULPHUR 

THESE SPRAYERS ARE OF SUPERB QUALITY AND MOST SUITABLE FOR 
THIS CLASS OF WORK1 BEING FITTED WITH 40-INCH BEST QUALITY 
METALLIC FLEXIBLE HOSE, BRASS SPRAYING LANCE WITH STOPCOCK, 

PRESSURE GAUGE, SWIVEL NOZZLE, AND TUN DISH WITH STRAINER. 

THE 

PLANTERS' STORES Be ACENCY Co., Ltd. 
(INCORPORA'rl':D IN ENGLAND,) 

11, Clive Street, CALCUTT A. 
Telegrams: "PLANTERS," Calcutta. 'Phones: Calcutta 5808-5809, 



Its Investigation and Control 



MALARIA . . 
Its lnvestigati~n and Control 
with special refe~ence to Indian conditions 

BY 

ROBERT KNOWLES 
MAJOR. ~NOlAN MEDICAL SERVICE 

Professor of Protozoology, 
Calcutta School of Tropical Medicine 

AND 

RONALD SENIOR-WHITE 
, MALARIA RESEARCH OFFICER 

Central Malaria Bureau. Gooernment of India: 
formerl;p 

Malariologist, The Kepitigalla Rubber Estate1, Ltd:• 
Ceylon, and 

M alariologist,1 Bengal-N agpur Raillllay ~ 

'Go 111here D~ath' • pickets hide-. 
U nmask the 1"hapea they take, . 

Whether a gnat from "ith11 Ulaterside. 
Or alinging fly in the brake, 
Or filth oj th11 ero111ded street, 
Or a sick' rat limpin{c·by, 
Or a smear of spittle dried in th11 heat· 
That is the 111ork oj a ap;p:-Kipling. 



Printed by Thacker's Directories, Ltd., 6, lliangoe Lane, Calcutta and 
Published by C. F. Hooper, of Thacker, Spink & Co., 3, 1\splanade, Calcutta. 



DEDICATED 

Wl'I:K 

RESPECTFUL HOMAGE 

Tllli WIVES OF RESEARCH WORKERS 

(IN. ~Nl'tiOlf Of 'lUitiR Stn'I'£RINCS IN 'tHIS CAOs& OP IICD!NC£) 



PREFACE 
-

NuMEROUS as are the existing books on malaria, there at present exists in India. 
no suitable handbook which can be put into the hands of medical men of the 
assistant surgeon class to help them in their malarial problems. Stephens and 
Christophers' PracticaJ Study of Malaria has long been out of print: James' 
MaJaria at Home and Abroad is now out of date with regard to its entomological 
side, whilst it contains much clinical matter which is beyond the purview of the 
malariologist engaged in the p~actical eradication of the disease ; whilst the little 
book recently published on Mosquito Reduction and MalariaJ Prevention by 
Crawford and Chalam, although giving the layman an excellent idea. of what 
can be done by the expert, is, in our opinion, rather too eiementary for those 
actually engaged in anti-malarial campaigns. The preparation of the ptesent 
volume was suggested to the authors by Colonel Martin-Leake, v .c., F.R.c.s., Chief 
Medical Officer, Bengal-Nagpur Railway; and it is hoped that in it the worker in 
the field will fin<J. the prac1fical i~tmctions that he may require i how to diagnose 
malaria in the laboratory i how to treat his patients ; when, where, and how 
to look for his mosquitoes i how to set about and carry out a malaria survey i 
and what steps to take as the result of the knowledge gained by such a survey. 
The chapters on the life-cycles of the malaria parasites in man and iu the 
mosquito, on the practical laboratory diagnosis of malaria, and on treatment are by 
the senior author i the chapters on malaria survey work, the design, construction 
and maintenance of anti-mosquito measures, and the appendices are by the 
junior author i whilst both authors have collaborated in the final putting 
together of the book. The Governing Body of the Endowment Fund of the Calcutta. 
School of Tropical Medicine bas very generously financed its publication, and the 
authors' gratitude is due to that body for making its publication possible. 

To the crime of piracy the senior author at once pleads guilty. Much of 
Chapters I and II is taken from Wenyon's splendid Protozoology, together 
witu~veral of the illustrations. The warmest thanks of both authors are due to 
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Messrs. Bailliere, Tindall and Cox for permission to reproduce several of 
Dr. 'Wenyon's illustrations. The authors' warmest thanks are also due to 
Dr. C. Strickland, M.A., B.ch., Professor of Entomology, Calcutta School 
of Tropical Medicine, for the loan of lantern slides and for his very kind 
permission to reproduce many of his illustrations. In the appendices the 
authors have further borrowed figures from James and Liston's Anopheline 
Mosquitoes of India, James' Malaria at Home and Abroad, from the 
monograph by Mr. H. F. Carter on the Anopheline Mosquitoes of Ceylon 
in the Ceylon Journal of Science, Patton and Cragg's Text-book of Medical 
Entomology, and papers by Iyengar, Baini Prashad, Edwards and Kirkpatrick. 
A special word of thanks is also due to Mr. H. M. Roy and Mr. J. K. Mullick, 
artists of the Calcutta School of Tropical Medicine, for their admirable exe~t: 

tion of the illustrations. 

When the publication of this book was first proposed, it was suggested to the 
authors that advertisements by reputable firms might be included in order t.o 
reduce the cost of publication. To this the authors consented : in the first place 
it was felt that this might help to place the book financially within the reach of 

- the class of readers for whom it has been written ; in the second place the 
inclusion of advertisements of microscopes and accessories, stains, cinchona 
derivatives, oil sprays, etc., might be of use to the reader in· informing him where 
to buy materials. It would have been better for such material to have been 
relegated to the back of the book, but, by a misunderstanding, a number of 
advertisements have been inserted to precede. the text. This is unavoidable as 
far as the present edition goes, but should a second edition be called for, it will 
not be repeated. 

CALCUTTA SCHOOL OJ' TROPICAL MEDICINE 

31st December, 1926. 

R. K. 
R. S.-W. 



CONTENTS. 

Cupua L The Malaria Parasites. Cycle in Man 
PAGES 

1 .• .. 

•• .. 
.. 
.. 

IT. The Malaria Parasites. Cycle in the Mosquito. Malaria: Mis
cellanea Blackwater Fever. The Plasmodia· of Mammals, 
Birds, and Lizards 

III. 

IV. 

v. 

!!ractical -Laboratory Work and Diagnosis in Malari~ 

Notes on the Treatment of Malaria 

On the Carrying-out ·of a Malarial Sm:vey 

VI. The Design, Construction, and Maintenance of Anti-Malaria 

:n 
62 

89 

108 

Measures 143 

APPENDIX I. Notes on the Breeding Places and Distribution' .of the Indian 
Anophelines • • • • 167 

" 
IL ~ey to .the Adults of the genus A.nophelu in the Indian Sub-

region 170 

.. UI. Key to the .Mature Larvat of the genus .A.nophelu in the Indian 
Sub-region 180 

... IV. Public Works Department, F. M.S. Specification for Construo-
tion of Under drainage 192 

REFERENCES 197 

INDEX 209 



CHAPTER I. 

THE MALARIA PARASITES. CYCLE IN MAN. 

THE malaria parasites belong to the Protozoa. The Protozoa may be defined 
as animals whose tissues are non-cellular. The Animal Kingdom in general is 
divided into two main phyla ; the Protozoa, a word derived from the Greek words 
protas =first, and zoon =a living animal, and so called because it is clear that in 
the course of evolution the Protozoa came into existence before the Metazoa ; and 
the Metazoa-from meta= after-which came afterwards. 

If we take a section of any tissue from a metazoal animal, we find that it is 
composed of cells, separated from one another by cell walls. Each cell leads an 
independent existence, but the tissue as a whole acts and functions together. Some 
of the Protozoa reach a very high degree of differentiation of structure; yet in 
them the tissue structure is not cellular, and the body of the animal acts and 
functions as a whole, reacting in many diverse ways to all sorts of external and 
internal stimuli. 

The phylum Protozoa is divided into two main sub-phyla. The first sub
phylum, the Plasmodroma, are characterised by the fact that when male and 
female sex cells unite, there is complete fusion of their entire bodies : their nuclear 
matter unites, and so also does· their non-nuclear matter or cytoplasm. The 
malarial parasites belong to this sub-phylum. In the second main sub-phylum 
when the sex cells unite, a very peculiar process of conjugation takes place: two 
cells which are apparently similar come together; each exchanges nuclear matter 
with the other ; and the two individuals then separate again. · These Protozoa 
constitute the sub-phylum Ciliophora, and are motile by virtue of a fine 
hair-like coating of vibratile cilia, by the incessant beating of which these animals 
are rowed about, just as is a boat by oars. 

The sub-phylum Plasmodroma is divided into four main classes, as follows :-
1. The class Rhizopoda.-In these the animal possesses no outer limiting cell 

membrane, and movement is efiected by a creeping, amooboid movement, rather 
recalling that of a snail. To this class Entamwba kistolytica, the parasite of 

· amoobic dysentery in man, belongs. 
2. The class Mastigophora.-In these movement is effected by the possession 

of certain long, whip- or lash-like organs known as flagella, by the lashing action 
a. 
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of which the animal is pulled along. To this class belong the trypanosomas 
which cause sleeping sickness of man, and the parasites of kala-azar and oriental 
sore. 

3. The class Cnidosporidia.-These are parasitic Protozoa which occur chiefly 
in fish, insects and worms. They produce spores which possess a peculiar explosive 
structure known as a polar capsule. On ingestion of the spore into the gut 
the ·polar capsule explodes, setting free the spore, which parasitises in the first 
instance as a rule the intestinal epithelium. There are no human parasites in 
this class. 

4. The class Sporozoa.-These are para~itic Protozoa, and are characterised 
by possessing two life-cycles. During the first, asexual life-cycle-to which the 
term schizogony is applied-the parasites multiply by dividing into a number of 
daughter individuals, the nucleus and then the cytoplasm dividing in turn. After 
this the parasites pass into their sexual or sporogony cycle-as it is termed-in 
the course of which sexual conjugation takes place and is followed by multiplication 
of the parasite. 'Ve have thus a regular alternation of generations consisting 
of schizogony followed by sporogony, followed again by schizogony, and so on. 

The malarial parasites belong to this class. Further, in addition to this 
alternation of generations, and together with it, goes an alternation of hosts. The 
schizogony cycle takes place in the blood stream of man ; the sporogony cycle 
takes place in the tissues of the mosquito. In the course of evolution we must 
suppose that the malarial parasites were at first intestinal parasites of the mosquito, 
and multiplied in the mosquito by sporogony. Later, as mosquitoes took to biting 
man, malarial parasites were introduced into man, and, as man was not acclimatised 
to them-so to speak-in man they cause disease. Insects are immeasurably 
older in the scale of life than is man, and the mosquito has become so acclimatised 
to the malarial parasite that it (or rather she) suffers no inconvenience from being 
infected with it. 

It is absolutely essentiai for the student, before commencing the study of 
malarial parasites, to grasp once and for all the correct terminology in connection 
with their life-cycles. Text-books on tropical medicine are apt to be very remiss 
in this matter; and not only does such confusion muddle the student, it may 
also lead to serious mistakes on the part of research workers. Thus Aragao (1907, 
1908) in studying the development of H(Emoproteus columb(E of the pigeon in the 
transmitting fly Lynchia maura, made the suggestion that the ookinete which. 

· forms in the midgut of the fly on conjugation of the gametes, was inoculated by, 
the fly into the pigeon. Such a procedure would be most unlikely to happen: the 
function o£ the ookinete of one of the blood-inhabiting Sporozoa is not to be inoculated:: 
into the vertebrate host by the invertebrate transmitting agent, but to settle in 1 

the tissues of the latter and develop to the formation of sporozoites, which are the/ 
final and infective products of the sporogony cycle in the invertebrate host. 
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In the general life-history of the Sporozoa, infection of the vertebrate host
i.e., man in the case of the malarial parasites-is brought about by the ingestion 
or inoculation-inoculation in the case of the malarial parasite~£ motile sporo
zoites, the final product of the sporogony cycle. The sporozoite finds its way. 
to some tissue or blood cell, into which it enters and becomes a growing • tropho-: 
zoite • form (from trnphoa=nutrition). As the trophozoite grows up its nucleus 
sooner or later divides into a number of daughter nuclei ; around each daughter 
nucleus the cytoplasm condenses, and a number of daughter individuals are thus 
formed. · To this process of multiplication by fission of the parent body the term 
'schizogony '-from schizos=splitting-is applied; and as soon as the nucleus of 
the trophozoite has commenced to divide, the parasite is known as a ~ schizont.• 
As the schizont matures it ruptures, setting free a swarm of spores of the schizogony 
or asexual multiplicative cycle:-which are known as· ' merozoites.• . The mero-
zoites penetrate into fresh tissue cells and grow up into trophozoites and later 
schizonts, thus repeating the schizogony cycle. In general this asexual multipli-· 
cative cy~le continues incessantly until the degree of ~fection of the vertebrate 
host is such that most of the nutrition available for the parasite is used 
up. 

By degrees, ·as the intensity of the infection increases, conditions· become 
unfavourable for the parasite, either because most of the available nutrition has 
been used up, or owing to the development of an incree.sed resistance on the part 
of the vertebrate host. In order to conserve its, own existence and pass into a 
fresh vertebrate host, the parasite no}V passes into its sporogony or sexual cycle. 
Certain trophozoite forms develop, which do not undergo schizogony, but deveiop 
into sexual mother cells; the female of which is known as the • macrogametocyte,• 
owing to its larger size, and the male as the • microgametocyte,' as it gives rise 
to small male sex elements, the ' microgametes.' The gametocytes develop into 
conjugating elements; the macrogametocyte into a 'macrogamete,• whilst the 
microgametocyte gives off a number of motile individuals which resemble sper
matozoa in function, and which are known as • microgametes.' 

Fertilisation is accomplished by the complete union of one macrogamete with 
one microgamete, both the nuclear matter and cytoplasm of both individual~ 
fusing ; and to this process the term • syngamy • is applied. The result is what 
corresponds to an egg among the :Metazoa, and if such an egg is motile-as is the 
case with the malarial parasites-the term • zygote • or • ookinete • is applied to 
it, or it is sometimes referred to as the ' travelling vermicule • owing to its worm
like movements. This ookinete finally comes to rest, secretes a cyst wall around 
itself, and is now known as an ' oocyst.' Within the oocyst nuclear multiplication 
takes place and ultimately a number of spores of the sexual generation-or ' sporo
zoites ' as they are termed-are formed. These constitute the fresh infective 
forms for the next vertebrate bo~t. 
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In this way the schizogony and sporogony cycles alternate. They may be 
summarised as follows :-

Asexual, schizogony cycle: consisting of growing trophozoite, early schizont, 
mature schizont, which finally gives rise to merozoites, the spores of the asexual 
multiplicative cycle. 

Sexual, sporogony cycle : consisting of growing trophozoites developing into 
macro- and microgametocytes, from which macro- and microgametes are pro
duced. Fertilisation or syngamy then occurs, with the resulting production of a 
zygote or ookinete. This becomes transformed into an oocyst inside which sporo
zoites-the spores of the sexual multiplicative cycle-are finally developed. These 
constitute the form infective to the Yertebrate host. 

The class Sporozoa are divided into two sub-classes : the Coccidiomorpha 
and the Gregarinina. In the former, to which the malarial parasites belong, when 
the sex cells unite by conjugation-or syngamy, as the process is termed-there 
is a very marked difference in size between the male cell, which is small and is 
known as the microgamete, and the female, which is much larger, and is known 
as the macrogamete. In the Gregarinina the uniting sex cells are usually equal 
in size. 

·The Coccidiomorpha consist of two Orders, the Coccidiida, and the 
Adeleida. In the former when fertilisation takes place the sperm mother cell
so to speak-of the male, or microgametocyte as it is termed, produces a large 
number of male sex cells or microgametes ; the female or macrogametocyte is 
not closely associated with the male, and. the microgametes-which correspond 
to spermatozoa in function-have to travel a considerable distance to find the 
female. This is the case with the malarial parasites, which accordingly belong 
to this sub-class. In the Adeleida the uniting sex cells are in close apposition 
throughout. 

The Coccidiida are divided into three sub-orders; the Eimeriidea, which are 
mostly intestinal, but sometimes hepatic or renal parasites ; the Hremosporidiidea, 
which are blood-inhabiting parasites, and to which sub-order the malarial parasites 
belong; and the Piroplasmidea, which are also blood-inhabiting parasites, but 

. whose true affinities are at present a little uncertain. 
The Hremosporidiidea are divided into two families ; the Hremoproteidre and the 

Plasmodiidre. The Hremoproteidre are chiefly parasites of birds and cold-blooded 
animals, are at one stage parasitic in endothelial cells, at a later stage in the 
blood stream, and are transmitted from vertebrate host to host by a blood-sucking 
invertebrate host, in which the sporogony cycle occurs-usually a biting fly or 
a leech. They are very closely relatell to the malarial parasites and may be regarded, 
so to speak, as their first cousins. Thus the student may follow out what corre
sponds to the mosquito cycle of the malarial parasites of man in the Anopheles 
lllosquito, by studying the exactly similar life-cycle of the common ' haltericlium ' 
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(Hmmoproteua columbm) parasites of the pigeon in the biting fly, Lynchia maura, 
which feeds on the pigeon's blood. 

The Plasmodiidre consists of the single genus Plasnwdium, and are parasitic 
within the red blood corpuscles of man, birds, and other vertebrate hosts. Their 
further definition will be given later. To this genus the malarial parasites belong, 
and the brothers and sisters of the malarial parasites-so to speak-are found in 
the red blood corpuscles of monkeys, squirrels, buffaloes, birds, bats, and cold
blooded animals. There are three species of malarial parasites of man : Plasmodium 
vivaz, the parasite of benign tertian malaria-so called from the highly amreboid 
or vivacious character of its cytoplasm ; Plasmodium malarit1!, the parasite of 
quartan malaria, and the first of the malarial parasites to . be discovered ; and 
l'la.snwdium falciparttm, so called from the sickle-shaped character of its game
tocyteB, the well-known malarial ' crescents,' the parasite of malignant tertian or 
sub-tertian malaria. 

The systematic position of the malarial parasites is thus as follows :
Animal Kingdom. 
Phylum : Protozoa. 
Sub-Phylum: Plasmodroma. 
Class : Sporozoa. 
Sub-Class : Coc.citliomorpha. 
Order : Coccidiida. 
Sub-Order : · Hremosporidiidea. 
Family : Plasmodiidre. 
Genus: Pla.snwdium. 
Species : three in number-Plq.snwdium vivaz, Plasmodium malarics and 

Pla.~m()dium falciparum. 
The members of the family PLAS~ODIIDJK (1\Iesnil, 1903) are pigment-produc

ing parasites which live in the red blood corpuscles of vertebrate animals, in which 
they have their schizogony'cycle. Gametocytes or sexual forms are also produced 
in these cells. These are ingested by the transmitting invertebrate host in whom 
the sporogony cycle develops. This group is of enormous importance in tropical 
medicine since it ·includes the malarial parasites of man, as well as the plasmodia 
of birds and other hosts, such as monkeys. 

Prior to Laveran's great discovery (November 6th, 1880) of the malarial 
parasite, certain pigmented bo<lie11 had been noted in the blood of malarial patients 
by Virchow (1849), and others. Laveran, however, discovered the phenomenon 
of ' flagellation '-i.e., production of microgametes-in the microgametocytes of 
the parasite of quartan malaria, and concluded that in malaria. the red blood 
corpusles are invaded by pigment-producing parasites. This was confirmed by 
Richard (1882), and the asexual schizogony cycles of the three species of mala~ial 
parasites were worked out especially by Golgi (1886, 188Ga, 1889), and the Italian 
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workers-notably Marchiafava,' Celli, Canalis, Grassi, Feletti, Bignami, Bastianelli, 
Sanfelice and Manneberg. 

The sole genus in the family Plasmodiidm is the genus Plasmodium, to which 
. the malarial parasites of man belong. There is considerable discussion to-day as 
•'to the exact number of species of malarial parasites, yet we may deal first with the 
three species which are universally admitted. These are :-

1. Plasmodium vivax (Grassi and Feletti, 1890) ; the parasite of benign tertian 
malaria. As the work pf Acton (1920), and others has shown, this is essentially 
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FIG. I.-Chart of temperature in malaria, showing relation to growth of and schizogony of the 
parasite. (After Wenyon, 1926.) 

The temperature (A) falls to subnormal when the merozoites have entered the red blood 
corpuscles ; B gradually rises to normal as the parasite grows ; and C suddenly rises to produce fever 
when schizogony occurs and the merozoites. and toxins are liberated into the plasma. The interval 
A to A, B to B, or C to Cis 48 hours for P. vivax, 72 hours for P. malarice, and 48 hours for 
P. Jalciparum ; the interval C to A varies from 6 to 12 hours. 

the parasite of relapsing and chronic malaria, and is more resistant to quinine 
than is P. falciparum. 

2. Plasmodium 'IIUllarim (Laveran, 1881) ; the parasite of quartan malaria. 
This parasite is also associated with relapsing malaria, and according to some 
authors is the most difficult to eradicate of all three malarial infections. In 
India the distribution of quartan malaria is very clearly defined. It occurs 
especially in Assam, Bengal and the Dooars ; but only rarely on the western side 
Q{ India. 
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PLATE I. 

ForliU' of Plasmotlium vi~Hn, the parasite of benign tertian malaria, as seen in 
dried- blood-films stained by Leishman'!! stain. _ 

(Partly original and partly after Acton, Curjel and Dewey, 1921.) 
Fig. 1. .1\larginal or accole young • ring ' form. 
Figs. 2-3. Young trophozoite ' ring' forms . 

., · 4--10. Growing trophozoit~ forms. 
Fig. ·11. Double infection of a cell • 

. Figs. 12-U. Earlv schizont forms. 
, 15-19. Gro~h of schizont, enlargement of red cell, formation of Schiiffner's 

" 20-22. 
Fig. 23. 

" 24. 
Figs. 25-26. 
" 27-28. 

Fig. .. 29. 
30 • 
31. 

dots, and development uf hmmozoin pigment in the pa·asite. 
Mature schizont& or ' rosettes.' 
Rupture of mature schizont, with ~erozoites and pigment liberated. 
'foung compact form, probably p. pre-gametocyte. 
Mature microgametocytes. 
Mature macrogametocyte&. 
Schizont plus schizont within the same erythrocyte. 
Microgametocyte plus macrogametocyte within the same erythrocyte. 
Macrogametocyte plus schizont within the same erythrOcyte. 
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3. Plasrrwdium Jalciparum. (Welch, 1897} ; the parasite of malignant or sub
tertian malaria. This parasite is especially associated with epidemic malaria. On 
the other hand it is less resistant to quinine treatment than are P. viva:& and 
P. m.alariaJ; 

The relationship of the different phases of the schizogony cycle of the malarial 
parasites to the patient's temperature chart is shewn in Fig. 1. 

We may deal first with the schizogony cycles of these three parasites in man. 
These are illustrated in Plates I, II and III. 

Plasrrwdium vivaz (Grassi and Feletti, 1890), (Plate 1). 
The life-cycle may be traced from the momen~ when the parasite appears as 

a small ' ring • -i.e., young trophozoite:.-.on . the surface of the red corpuscle. 
This ring-like appearance is due to the development inside the little ammbula of 
a vacuole-possibly digestive in function. The young ring forms tend to lie fiat 
on the discoid surface of the red corpuscle, and they are rounded or oval, with 
a marked vacuole, a flimsy cytoplasmic ring around the vacuole, and the chromatin 
present as a rounded dot, blob or granule, either in one thinner aspect of the ring, 
or just within the vacuole, close to the thinner side of the ring. At this stage the 
ring has a diameter of about 2! ,. to 3 p. and is about a quarter to a third of the 
diameter of the red corpuscle in size (Plate I, figs. 2, 3, 11). 

In addition to such forms on the surface of the corpuscle a certain small per
centage of parasites are attached to the margin of the red blood corpuscle-the 
so-called accole or marginal forms. ·Accola forms are not as characterist~c of 
P. vivaz as of P. jalciparom, but they do occur; perhaps one per cent or so is about 
the average incidence; they are more often seenjn heavy than in light infections. 
In the accole forms, a crescentic bridge of cytoplasm is arched over part of the 
margin of the red blood corpuscle, and contains within it a rounded or blob-like 
chromatin dot (Plate I, fig. 1). 

The most characteristic feature ofP. vivax is the highly ammboid or 'vivacious' 
character of its cytoplasm; whence the name vivax. Sooner or later, the parasite 
penetrates into the interior of the cell, inside which it passes the rest of its existence 
(at least in the writer's opinion; but see p. 28). Within the red corpuscle the 
parasite is extremely ammboid, throwing out pseudopodia in every possible direc
tion and then withdrawing them. The ring form of t.he parasite is in reality its 
resting phase ; but so great is the ~mmboid activity of the parasite that it is not 
at all uncommon to find rings which have become somewhat distorted by ammboid 
activity. At this stage hremozoin pigment is produced in the cytoplasm of the 
parasite in the form of yellowish-brown granules, rodlets, or angular particles. 

· Together with the development of the trophozoite into its ammboid form, 
certain changes take place in the infected red blood corpuscle. It becomes markedly 
increased in size ; its hremoglobin is used up by the parasite and it becomes 
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increasingly paler and paler. In the limiting membrane of the red corpuscle there 
begins to appear· a fine granule-like stippling, th'e so-called Schiiffner's dots. 
Exactly what Schiiffner's dots are, it is difficult to say; they may be points of 
the erythrocyte membrane to which pseudopodtal processes of the parasite have 
been attached, which have subsequently been withdrawn. The appearance of 
Schiiffner's dots varies a good deal. The stippling is fine and almost uniformly 
distributed, innumerable little dots being present all over the surface of the red 
cell. They are probably always present in a benign tertian infection, but in poorly
stained films they may not be seen. . In deeply-stained films they are often very 
prominent, and they appear to become more and more prominent in the red_ cell, 
as the ·contained parasite within jt matures (Plate I, figs. 3, 6, 7, 8, 14, etc.). 

At this-the growing trophozoite phase-the appearances seen are charac
terised by :-(1} the enlargement and pallor of the infected red corpuscle, and the 
presence of Schiiffner's dots ; (2) the yellow-brown hremozoin pigment of the 
parasite ; and (3} the fact that, owing to the greatly amreboid activity of the para
site, no two consecutive forms encountered are alike; all sorts of shapes are met 
with, angular forms, oval forms, tennis racquet shaped forms, and quite irregular 
forms. Further, so delicate is the cytoplasm that in spreading the film thin 
cytoplasmic. bridges of the parasite may be broken, so that in the stained film 
apparently detached .tnasses.of parasite cytoplasm may be seen within the red cell 
(Plate I, figs. 5, 6, 7, 8, 9, 10, 12, 14). · 

In most benign tertian malarial infections' one may occasionally encounter 
curious pale, enlarged red blood corpuscles showing what are apparently Schiiffner's 
dots, but with no included parasite. These may possibly be cells to which parasites 
have been attached, but from ~hich they have fallen off. A second appearance 
not infrequently encountered in benign tertian infections is the presence of demi
lune red corpuscles. ·These are very pale remnants of red corpuscles, in shape 
resembling the crescent moon, with finely drawn out horns. Sometimes a thin 
circular line may be traceable from one tip to the other-the former outline of the 
cell. Demi-lune red corpuscles may be present in any severe anremia, but they 
seem to be most often seen in blood films from patients suffering from benign 
tertian malaria or from kala-azar. 

Sooner or later, the single nucleus of the parasite commences to divide ; in 
other words the trophozoite becomes a schizont. As to the period when this occurs, 
ther_e are diverse views. Usually the parasite grows until it occupies about two
thirds of the infected cell before schizogony sets in. On the other hand it is not 
unusual to come across ring forms showing two quite distinct blobs of chromatin, 
one on each side of the ring (e.g., Plate I, figs. 13 and 14}. Thomson and 
W~odcock (1922) consider that this is due to rupture of the chromatin of the ring 
in spreading the film; but in the writer's opinion it is far too regular an occurrence 
to be so accounted for. Further, the two chromatin blobs are often about equal 
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in size ; and it would seem that some P. vivax parasites may commence division 
earlier than others. 

At about 36 hours of age the parasites occupying the infected red cells are in 
the form of a coarsely irregular meshwork which may assume almost any conceiv
able shape. Numerous yellowish-brown pigment particles are scattered throughout 

. the cytoplasm. The parasites occupy about two-thirds or a little more of the 
infected cells. 

At this stage, as schizogony sets in, the amreboid activity of. ihe parasite 
becomes less marked, and it assumes a more globular outline. The nucleus divides 
-(by mitosis, according to Schaudinn, 1902)-into two, then four, eight, sixteen 
or more daughteJ; nuclei. The number of daughter nuclei produced varies from 
12 to 24 ; in a series of 200 mature schizonts carefully examined in Calcutta, the 
mean number was 14; but most text-books place it a little higher-at about 16 
to 18 daughter nuclei (Plate I, figs., 15 to 19). . 

Around these daughter nuclei the cytoplasm condenses and thus merozoites 
are differentiated in the growing schizont, each with its own delicate cell membrane. 
This process is really one of budding, so that ·One may come across schizonts in one 
portion of which the merozoites have become fully differentiated, whilst in the 
other the individual merozoites liave not yet become differentiated. . 

The 'rosette '-i.e., mature schizont-of P. tJivax lies in a much enlarged 
and pale red corpuscle, some 9 p. to 10 p.* in diameter, and showing Schiiffner's 
dots-if well stained. It consists of a grape-like cluster of about 16 to 18 mero
zoites, gathered around an excentrically situated residual body-which contains 
the aggregated hreinozoin pigment of the parasite, together with a little residual 
cytoplasm. The schizont is mature at the 48th hour of age of the parasite (Plate I, 
figs. 20, 21 and 22). 

The infected cell now ruptures, setting free a swarm of little merozoites 
(Plate I, fig. 23). The merozoites are little oval bodies, about 2·5 p. long by 
1·5 !'- broad, with a single nucleus, but with no vacuole. These apply themselves 
to the surface of fresh red corpuscles, to initiate again the schizogony cycle. On 
rupture of the infected cells the pigment is set free and is phagocytosed by the 
macrophages in the blood stream, or carried to the internal viscera and ingested 
by the endothelial cells of the capillaries. 

The schizogony cycle is repeated every 48 hours, and the infection becomes 
heavier and heavier. Sooner or later, however-probably owing to conditions 
commencing to become unfavourable for the parasite, and to a gradually increasing 
resistance on the part of the host-the parasite prepares to pass into its sexual, 
sporogony cycle, and gametocytes begin to appear in blood films of the peripheral 

• The micron, for which the Greek letter P. is used, is the unit of me&aurement of size of micro· 
eoopioal objeota. One P.=the one-thousandth part of a millimetre. The average diameter of a red 
blood corpuscle is 7·6 ,.,.. and this faot is oUen useful for rough me&Sun:menta. 
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blood. Bastianelli and Bigiiami (1899) were able to infect mosquitoes from a 
case of malaria-ex,perimentally induced-on the 5th day of illness; but, as 
a rule, it is not until the lOth to the 12th day after the first rigor that mature 
gametocytes begin to appear in films of the peripheral blood. 

The gametocytes develop from young trophozoite ' ring ' forms. These rings, 
however, show but little trace of a vacuole, and remain more solid and compact 
than do the pre-schizont forms (Plate I, fig. 24). They have but little amreboid 
activity. As they grow, however, the infected red corpuscle becomes pale and. 
enlarged and shows Schii:ffner's dots. Young gametocyte forms are but rarely 
encountered in blood films, and it would- appear that the gametocytes tend to be 
developed in the internal blood circulation, only appearing-in order to be ingested 
by the mosquito-in the peripheral blood as they mature. They grow more 
slowly than do the schizont forms, and take longer to mature, maturing at about 
the 96th hour of age. · 

The full-grown macrogametocyte of P. vivax is a very striking object as seen 
in Romanowsky-stained films (Plate I, figs. 27 and 28). It is a large globular 
body lying in an enlarged red corpuscle showing Schii:ffner's dots, some 12 p. to 
14 p. in diameter. With the Romanowsky st~ins its cytoplasm stains a deep 
' Oxford ' blue, and is denser than that of the male. It shows a considerable 
amount of yellow-brown hremozoin pigment. To one side or other-and not 
infrequently ·near the margin of the parasite-is the nucleus, small, consisting 
of compact and deeply-staining chromatin. The nucleus often appears as if it 
had a halo-like clear zone around it, where the cytoplasm of the parasite is 
less dense than elsewhere. The pigment grains are scattered throughout the 
cytoplasm. 

The full-grown microgametocyte (Plate I, figs. 25 and 26) is a slightly smaller 
globular, compact body, lying in an enlarged and pale red corpuscle showing 
Schii:ffner's dots. Its cytoplasm is less dense than that of the female, and with 
the Romanowsky stains tends to stain a faint greyish-green colour, sometimes 
however a rather pale blue. The hremozoin particles are scattered throughout the 
cytoplasm. The nucleus is large and diffuse and stains badly. It may lie as a 
diffuse mass laterally near one margin of the paras~te; or, more usually, it tends 
to stream half way or more across the equator of the parasite, like a cholera belt. 
The· further development of the gametocytes occurs in the mosquito and will be 
dealt with later (vide Chapter II). 

The appearances seen in blood films from a patient with benign tertian malaria 
vary with the duration and the intensity of the attack. James (1926) in an admir
able memoir has made a most careful study of experimentally induced primary 
benign tertian malaria in general paralytics who had never previously had malaria. 
After the bite of the infected mosquito, he found that the incubation period to the 
first symptoms of illness was from 7 to 23 days and that the patient then developed 
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the fever of the. initial stage/, which lasts from 2 to 5 days .. This is at first a 
. gradually. increasing fever, at first sub-eontinuous or irregularly remittent, but 
· tow~rds the end of this stage always ~nterniittent. There are no rigors during 
·this period, and its termination is sometimes shown by an intermission. lasting 
24 or 48 hours. · · 

The initial stage is followed by· the developed stage ; in 80 to 90 p-er cent of 
cases this is not a fever of tertian periodicity, but a fever of quotidian periodicity 
with a daily rigor. This lasts for ten days, or often for longer. It is followed . by 
the terminal stage. In this the type of fever changes again, and ·becomes the 
typical benign tertian fever of the text-books with tertian periOdicity and a rigor 
every 48 hours. At a future date, should the patient have a relapse, or· again 
contract benign tertian malaria, the initial stage and the stage of daily rigors are 
not shown ; the fever is a typically tertian one. 

Such a state of affairs can be explained only by a lag or delay in development 
of some of the parasites. In P. viva:c infections most of the schizonts matare in 
48 hours, but some may mature a·little earlier, .some a little later~ and a ·further 
lag may lead to daily rigors. In film.S taken from a patient in· his fust attack all 
the parasites seen may be at the same stage ; e.g., they may :all be young ring 

. forms, or half-grown schizont~ or mature schizonts. But, as the infeetion estab
lishes itself, one tends to get all phases of development seen-simultaneously in the 
same blood film; early growing ring forms, developing trophozoites, half mature 
and mature schizonts, and, if the· infection has persisted for some 10 days or 
longer, gametocytes.- Further, multiple infection of the red corpuscles-although 
not as common as in infections with P. falciparumr--is also seen in P. viva:c 
infections {Plate I, fig. 11). Thus two, or even three or four, rings may 
be seen inside the same red corpuscle. Later, as the infection dies down, the 
number of asexual forms becomes less, until finally only scanty gametocytes are 
present. Schaudinn {1902) believed that the macrogametocytes of P. viva:c 
were forms with a very prolonged life, and that they persisted in the blood stream 
unaltered for months or even years, and attributed relapses to parthenogenesis 
on the part of these forms {vide p. 44). The present evidence, however, all 
goes to show that this is not the case, and it is probable that the life of the 
gametocytes does not exceed some 8 or 9 days at most. If they are not taken 
in by an anopheline mosquito, they die off in the blood stream. 

There seems to be but little relationship between the number of gametocytes 
which may be present and other forms. In some P. viva:& infections gametocytes 
are very scanty, as compared with asexual forms; in others they are comparatively 
numerous. As a rule, in an established infection, the number of asexual forms 
greatly exceeds that of the gametocytes, whilst most of the latter are females. 
The proportion of the two sexes, however, again appears to be subject to great 
variation. 
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Plasmodium malarim (Laveran, 1881), (Plate II). 
The schizogony cycle of this parasite-which is responsible for quartan 

malaria-takes 72 hours ; whilst it is the most deeply pigmented of the three 
species. The infected red blood corpuscles are not altered in size and staining 
reaction, and do not show_ any Schii:ffner's dots or other stippling. It may be 
possible indeed that-if anything-the infected red corpuscle is a little shrunken 
in size, and slightly smaller than normal. The parasite is much less amceboid 
than P. vivax, whilst if infected bloocl be examined in the fresh state the parasites 
have a specially opaque, white look with very prominent pigment. 

The youngest ring forms may show the typical 'signet ring' appearance 
described in text-books on tropical medicine (Plate II, fig. 2). They are rather 
denser and contain a little more cytoplasm than those of P. vivax, whilst hremozoin 
pigment tp.ay be present in the ring forms. They are about one-third of the 
diameter of the infected red corpuscle. On the other hand, the young ring forms 
of P. malarim appear to lie obliquely to the discoid surface of the red corpuscle; 
and when such forms are seen they are viewed from one side laterally ; hence 
' bird's-eye ' forms (Plate II, figs. 1 and 3) are common in such infections. 

The vacuole is present in the ring phase, but quickly disappears as the parasite 
grows. The ·growing trophozoite forms are characterised by (a) their very slight 
amceboid activity, so that they tend to remain compact and globular, and often 
assume angular shapes; (b) the early formation of hremozoin pigment, present in 
the form of dark brown-black granules, rodlets, and chunks. Pigment is, indeed, 
the most prominent feature of the parasite. As the trophozoite grows, certain 
shapes are commonly seen. Of these one may mention (a) the egg-shaped form 
(Plate II, figs. 7 and 8). In this the chromatin is placed at the narrower 
pole of the egg-shaped form, with the cytoplasm at the broader pole, 
considerable in amount and deeply pigmented, .with the remains of the vacuole 
between the chromatin and the cytoplasmic mass. (b) The comet form (Plate II, 
figs. 4 and 6). In this the cytoplasm tends to stream out in a dispersed manner 
like the tail of a comet and is deeply pigmented, whilst the chromatin extends 
a:s a deeply staining ribbon-like lower border to the comet's tail. (c) The equatorial 
form (Plate II, figs. 5 and 9). In this the deeply pigmented cytoplasm extends 
across the middle of the infected red corpuscle, like an equatorial belt, with the 
chromatin, deeply staining, in a ribbon-like shape along one border of the parasite. 
The equatorial form is especially characteristic of P. · mal{J,rim. 

At some period or other the growing trophozoite enters into the red corpuscle 
-probably at about 20th to the 24th hour of growth. Schizogony sets in later 
than in P. vivax, and commences at about the 48th hour of growth, when the 
parasite fills about two-thirds of the infected red corpuscle. The nucleus divides 
into 2, 4, 8, etc. Usually from 6 to 12-on an average 9-merozoites are produced 
(Plate II, fige. 10, 11, 12, 13 and 14). The mature schizont does not quite fill 
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PLATE IL 
Forms of Plasmodium malanm, the parasite of quartan malaria, as seen in dried 

blood-films stained by Leishman's stain. 
(Partly original and partly after Acton, Curjel and Dewey, 1921.) 

Fig. 1. .. 2 . .. . 3 . 
Figs. 4--9. 

.. 10-U: . .. 15-17. 
Fig. 18. 

Figs. 19-20, 

" 
21-22. 

Young ' bird's-eye ring 11 form. 
Young ' si~et ring ' form. 
Early trophozoite form. . 
Growing trophozoite forms. Note the intensity of pigmentation present. 

5.. A 'band-like • form. 6. • Comet-like • form. 7. 'Egg
shaped' form. 

Growth of schizont. 
Mature ripe schizont&, 1 rosettes.' 
ltupture of the ripe schizont, with scattering of the merozoites and 

liberation of pigment. 
Ddature microgametocytes. 
Mature macrogametocyte&. 
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the infected red corpuscle, and .is about 6·5 p. in diameter. As schizogony occurs, 
the pigment collects together-:-with a little residual cytoplasm-into a dense mass. 
At first the merozoites are rather irregularly arranged with this pigment mass 
excentric in position (Plate II, figs. 14 and 15). As maturity is attained, however, 
the dense pigment mass comes to occupy the exact centre of the red corpuscle, 
with the merozoites arranged symmetrically around it, thus giving the typical 
' daisy-like ' appearance characteristic of the mature schizont of P. maZaricB 
(Plate II, figs. 16 and 17). It should be noted, however, that the mature 
'rosette' is not always quite. as regular and symmetrical as the text-books 
sometimes state. 

As with P. vitJax, so with P. maZarim, after some days gametocytes are produced. 
The proportion of gametocytes produced appears to be definitely less than in 
P. vivax, and they are relativeiy scanty in blood films. On the other hand, they are 
not quite so rare as some of the text-books state ; and in an established infection 
they may be relatively numerous. It is practically impossible to say with certainty 
whether a young ring form is going ~ develop into a schizont or into a gametocyte, 
owing to the fact that the parasite has so little amreboid activity. The gametocytes 
are developed from globular ring forms. The mature macrogametocyte is a. very. 
striking object (Plate II, figs. 21 and 22). It is a globular body, some 7 p. in 
diameter, almost completely filling the infected red corpuscle. Its cytoplasm 
stains deeply blue with the Romanowsky stains, and shows an abundance of deep 
brown-black pigment distributed throughout its cytoplasm as granules, rodlets 
and bars. The nucleus is compact, stains deeply red, and lies to one side of the 
parasite, often near 'one margin. It does not tend to show the same halo-like 
appearance around it that occurs in the macrogametocyte of P. vivax. 

The microgametocyt.e of P. maZarim is· the most deeply pigmented form of 
malarial parasite known (Plate II, figs. 19 and 20). It is a compact globular 
body, occupying almost the whole of the infected .red corpuscle. Its cytoplasm 
stains a dirty greyish-green with the Romanowsky stains-sometimes, however, 
with a rather faint pinkish tinge. Abundant and conspicuous pigment is present in 
three situations: (a) and (b) peripherally, where the lateral margins of the parasite 
are deeply pigmented, the pigment shading off towards the centre of the parasite ; 
(c) a large and de1tse mass of pigment a little to one side of the centre of the 
gametocyte. The chromatin of the nucleus is diffuse and stains badly ; it is 
usually present as a more or less diffused equatorial band stretching across 
the equator of the parasite and lying over the excentric cluster of pigment. Some
tinles, however, the distribution of the pigment and chromatin is less rehoular, and 
the diffuse nucleus may be more lateral in position. 

As with P. vitJax, so with P. ma.Zarim, in an established infection one tends to 
find all forms present simultaneously in a single blood film ; young ring forms, 
growing and mature schizonts, and scanty gamt>tocytes. The merozoites of 
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P. malarire-are smaller than those of P. vivax and about 1·75 11 in diameter. Double 
infection of the same red ~orpuscle with two ring forms does occur, but is rare. 
The infections with P. malarire as a rule are less intense than those with P. vivax, 
and parasites are scantier in films. . 

· In an early case of P. malarire infection, where only ring forms are present, 
it may sometimes be difficult to decide whether the rings are those of P. vivax or 
of P. mala1·ire. The student should always remember, however, th3;t in examining 
blood films from a suspected case of malaria, he is not called upon to diagnose 
which species of malarial parasite every ring form encountered belongs to ; but 
is called upon to make a diagnosis of what species of parasite is present on a general 
study of the film. If there is any doubt, films taken a few hours later, when 
schizogony has begun, 'will cl~ar the diagnosis. 

. . 

:Plasmodium falciparum (Weich, 1897), (Plate III). 

This is the parasite of malignant or sub-tertian malaria, and is especially 
associated with epidemic malaria. Golgi (1886, 1889) was the first to differentiate 
it fr~m the other species, whilst Marchiafava and Celli (1889) were the first to give 
a clear account of its differential characters. . 

.There has been a good deal of discussion as to the correct name of this parasite. 
Owing to the crescentic character of its gametocytes-the well known ' malarial 
.crescents '-Grassi and Feletti (1890) proposed to place it in a separate genus, 
and to call it Laverania malarire. Schaudinn (1902), however, pointed out that 
mere difference in the shape of a gametocyte is not sufficient to justify giving it 
different generic status. The schizogony cycle of the parasite of malignant tertian 
malaria is less regular than that of P. vivax, and merozoites tend to be liberated 
over a period of several hours, instead of almost all simultaneously as in the case 
of"P. vivax. Further, schizogony is confined to the blood stream in the internal 
visce~a, and-+except in very heavy infections-does not take place in the peripheral 
blood, as with P. vivax. J. D. Thomson and Woodcock (1922) state that the 
gametocytes of the para!ltite of malignant tertian malaria have a special capsule 
of their own, apart from the investing membrane of the red corpuscle ; and on 
this, and the above mentioned grounds, adhere to the view that the parasite should 
have separate generic status as Laverania malarire. It is very difficult, however, 
to make out such a capsule, if indeed it be present at all ; it is true that one occa
sionally encounters a ' crescent • in which the whole body stains a dirty deep
reddish colour with the Romanowsky stains, and no detail can be made out, suggest
ing that the stain has deposited in the capsule, thus obscuring the details of the 
internal structlire. Su,ch forms, nowever, may be degenerating ones, and not 

·encapsuled ones. On the whole, it is probably wiser to adopt the more conservative 
view, and.to follow Wenyon (1926) in adhering to the name Plasmodiumfalciparum 
rather than L. malarire. 
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PLATE III. 
Forms of Plasmodium Jalciparum, the parasite of malignant tertian malaria, as seen in 

dried blood-films stained by Leishman's stain. 

Fig. 

., 

(Partly original and partly after Acton, Curjel and Dewey, 1921.) 

1. Double infection of red cell, marginal or accole ' ring ' form, plus a 
second ' ring' form on the surface of the cell. 

2. Marginal or accole • ring • form. 
3. 1 Ring • form, with chromatin in the vacuole. Cells shew Stephens' and 

Christophers• dots . 
., 4. Irregular amreboid young form. . 
" 5. Young ~ring' form. Red cell shews Stephens' and Christophers' dots. 

Figs. 6-9. Multiple infection of erythrocytes. 
,, 10-11. Early division of the chromatin of the parasite • 
., 12-13. Growing schizonts. 

Fig. 14. Mature schizont 1 rosette." .. 15 .. Young 'ring' form, possibly a pre.-ganietocyte as the-_chromatin lies in 

Figs. 16-17. 
Fig. 18. 
Figs. 19-20. 

•• 21-24. 

the vacuole. 
Mature microgametocytes or male 1 crescents. • 
Young ' ring ' form, possibly a pre-gametocyte. 
Mature macrogametocytes, or female ' crescents. • 
Tenue forms corresponding to Plasmodium tenue Stephens (1914). These 

were all encountered in films which also shewed • ring' forms typical 
of P. Jalciparum infection. 
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The youngest forms of P. falciparum are very easily overlooked ; one has 
known even careful workers to overlook a moderately heavy infection with accole 
forms. These consist of a tiny bead of chromatin, with a scarcely visible wisp of 
blue~staining cytoplasm adhering to the margm of the red corpuscle-the marginal 
or accole form. The margin of the red blood corpuscle is frequently elevated at 
this point into a tiny nipple-like protuberance. Sometimes it can be seen 'that 
the accole form is in reality a small oval ring, squashed up against the margin of 
the red corpuscle, as it were (Plate III, figs. land 2) . 

. In addition to the accole forms, rings are found situated on the discoid surface 
of the red corpuscle. They are usually-but not invariably-very small ; some 
11 P. to I! p. in diameter, and about one-sixth of the diameter of the infected 
coqiuscle. They are characterised by being hair-like, thin, and fine. The chro
matin is present either as a rounded and prominent blob or dot in the margin of 
the ring ; or, not infrequently, as a tiny curved bar either in the margin of the 
ring or a little within it, inside the vacuole. It must be mentioned, however, that 
some rings are slightly more compact and globular in form: In the young ring 
form of P. vivax the volume of cytoplasm is definitely more than that of the chro
matin ; in t.he young ring forms of P. falciparum the chromatin is relatively 
abundant in amount compared to the volume of cytoplasm (Plate III, figs. 3, 
5, 6, 7, 8, 9 and 10). 

At this phase of a sub-tertian infection, the infection is characterised by 
(a) its intensity; in heavy infections as much as 25 per cent of the corpuscles may 
be found infected ; in general the infection is more marked than in infections with 
P. vivax or P. mal'arim. (b) Multiple infection of the red corpuscles. This is a 
most marked feature of P. faJciparum infections; as many as eight parasites have 
been encountered within a single erythrocyte, whilst two, three and four rings per 
corpuscle are quite common (Plate III, figs. 6, 7, 8 and 9). (c) The early onset 
of schizogony. The chromatin commences to divide at once, and two-or more 
rarely three-bits of chromatin are encountered in the same ring (Plate III, figs. 
8, 9, 10 and 11). Thomson and Woodcock (1922} give the following points in 
connection with the differential diagnosis of P. faZciparum from P. vivat: 
infections :-

' (1) If the marginal forms are found in any number, a malignant tertian 
infection is certain! y present. 

(2) If, as is sometimes the case, few of these forms occur, the more uniform 
appearance of the rings, the frequent appearance of parasites with two nuclear 
granules, and a fair proportion (relatively to the degree of infection) of doubly 
infected cells, taken together, are very suggestive of malignant tertian. 

(3) In a benign tertian infection, especially if at all heavy, a. few rings will 
usually be found, irregular in appearance, or slightly in advance of the others as 
regards growth, and beginning to send out pseudopodia} processes. Indications of 
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enlargement of the cell, and a, slight alteration in colour may also be noted here 
and there. 

If any doubt remains, examination of another film, taken some hours subse
quently, will settle the question. The possibility of a mixed infection, with both 
types, has to be remembered.' 

The ring form of P. falciparum, as noted by Wenyon (1926, p. 935), when 
studied in the fresh state is rather more amreboid than is usually supposed to be 
the case. It is not as actively amrebioid as is P. vivax; hence if a film be taken 
from a patient in hot weather and dries rapidly, considerable distortion of the rings 
may occur. Especially where two or more rings are present in the same corpuscle, 
their cytoplasms may be pulled into one another ; whilst one may get rounded, 
rectangular, or flame-shaped parasites, sometimes merely streaks or wisps of blue
staining cytoplasm with a red-staining dot or dots of chromatin (Plate III, 
figs. 4, 6, 10 and 11). 

The infected red corpuscle does not enlarge at all. Not infrequently in old
standing infections it shows a crenated margin, and a tendency to basophilic 
staining with the Romanowsky dyes. In many-but not in all-sub-tertian 
infections Maurer's-or as they should be more correctly called Stephens and 
Christophers'-dots occur. These dots are a coarse stippling of the infected corpuscle 
into which the red of the stain deposits. Stephens and Christophers' dots are 
larger and fewer iri. numbers than Schiiffner's dots, and are not so readily 
demonstrated. They are best seen in films which have been deeply stained. 
They are stellate or crack-like, rather than dot-like, and give the impression 
of clefts or shrivel\ings of the membrane of the erythrocyte ; they stain brick 
red, rather than the bright pink of Schiifiner's dots, whilst the infected cells 
often have a basophilic mottled, or blotched appearance (Plate III, figs. 3, 5, 
11 and 12). 

The infected red corpuscles in infections with P. falciparum have a special 
tendency to clump together into masses as was clearly demonstrated by J. G. 
Thomson and D. Thomson (1913) in cultures of the parasite, and such clumps of 
infected red corpuscles have a special tendency to adhere to the membrane of the 
blood capillaries. Hence cells infected with growing ring forms tend to accumulate 
in the blood ·capillaries in the internal viscera, and schizont forms later than the 
early ring stage are not encountered in films of the peripheral blood. The latest 
phase encountered in peripheral blood films is usually the ring form with two 
chromatin dots. Occasionally-usually in fatal cases--schizogony forms may he 
seen, however, in the peripheral blood ; thus the writer was one day with Lieutenant
Colonel E. C. Hodgson, 1.1\I.S., in the Central Malaria Bureau at Kasauli, when 
the latter came across a magnificent blood film showing numerous schizont forms 
of P.falciparum in the peripheral blood. A telegram was immediately despatched 
to the civil surgeon who had posted the film from Lahore the day before, asking 
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him to take fifty slides from the same patient •. The reply was received that the 
patient was ·dead. On the other hand, since adopting the routine use of thick 
blood film examination in cases of malaria. (t-ide p. 74) the writer has not 
infrequently seen schizogony forms of P.falciparum in such thick films. The best 
way of studying the schizogony cycle, however, is either in culture (t'ide p. 85), 
or by carrying out spleen puncture during the acute phases of the attack (t:ide 
p. 84). 

Sooner or hter hremozoin pigment appears in the growing trophozoite forms, 
the pigment being brown-black in colour and distributed like grains of pepper. 
The exact stage at which the young forms leave the peripheral blood appears to 
vary somewhat; in the majority of infections the trophozoite forms seen in the 
peripheral blood have not yet formed pigment, but_occasionally later forms showing 
pigment may be present. It is probably this fact which has led certain observers 
to suggest that there are two species of parasite responsible for sub-tertian malaria ; 
a pigmented and a non-pigmented species. 

Within the internal capillaries schizogony proceeds. During growth the 
parasite remains more or less compact, with, at most, an irregular outline, and 
does not occupy more than half of the infected red cell. Scattered hmmozoin grains 
appear in the cytoplasm and Stephens and Christophers' dots-{Stephens and 
Christophers, 1900, 1903)-in the infected red cell (Plate III, fig. 13). As 
nuclear division sets in the pigment granules run together to form a dark, granular 
mass, which is usually excentrio in position. The fully developed 'rosette' 
(Plate III, fig. 14) has a diameter of about 5 p., and occupies about two-thirds 
of the infected red :corpuscle. The number of merozoites formed varies from 
8 to 24, but is usually about 14 to 16 ; they are grouped together in a small grape
like cluster in the infected red cell, the outlines of which are still well preserved, with 
the pigment in a dense granular mass, excentric in position. Spleen puncture films 
from a patient in the acute phase often show very pretty pietures of schizonts of 
P.falciparum at all phases of growth. On rupture of the infected red corpuscle 
the merozoites are scattered, and pass to infect fresh corpuscles. They are very 
small forms, only some 0·7 p. to 1 p. in diameter ; they may be very numerous in 
spleen puncture films, and one bas known students to mistake them for pyogenic 
cocci in such films. 

Certain further points with regard to the schizogony cycle must be considered 
at this point. The distribution of the infection in the internal viscera is far from 
being a uniform one. Thus the brunt of the infection may in one patient fall upon 
the cerebral capillaries, leading to the cerebral and comatose type of malaria 
(Fig. 2); in another on the liver, in a tLird on the bone marrow, in a fourth on 
the intestinal capillaries. It is the occurrence of schizogony in the internal viscera, 
together \Yith the tendency of the clumped infected red corpuscles to block the 
capillaries, that leads to the severity of the symptoms in malignant tertian malaria. 

b 
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Secondly, the'schizogony ·cycle is not as regular in P.falciparum as it is in P. vivax; 
instead of all the schizonts maturing and rupturing at about the same time, rupture 
of the schizonts and liberation of the merozoites is a more continuous process, 
e:xtending over some hours; hence the temperature chart in malignant tertian 
malaria is considerably more irregular than it is in benign tertian or quartan 
malaria. 

The gametocytes of P. falciparum are the well known ' malarial crescents.' 
They develop almost exclusively in the blood stream in the internal organs, and 
only the mature forms are seen in the peripheral blood as a rule. · The younger 

FIG. 2.-To illustrate blockage of the cerebral capillaries by agglomerated red blood corpusclt>s 
infected with the schizogony forms of P. falciparum. 

(From a lantern slide kindly lent by t.he W11llcome Bureau of Scientific Researeh.) 

forms are slightly elongated parasites with one side concave and the other convex. 
When fully grown the gametocytes are crescentic or sausa.ge-shaped~hence the 
name ' crescent ' which is used for them. They are about · one and a half times 
the length and about half the breadth of a normal red corpuscle. They usually 
have rounded ends; but sometimes the ends are pointed, giving the crescent a 
sickle-shaped appearance. In deeply stained blood .films the margin of the red 
corpuscle is seen to be closely applied to the convex side· of the crescent, ·whilst 
it is stretched across the concave side, where it very often shows a bulge convexly 
outwards, the corpuscle retaining some of its original shape. In some cases, espe
cially when the .film is. stained intensely, the crescent ·appears to be completely 
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.surrounded by a somewhat irregular, red-staining border, which J. D. Thomson 
(1917) has interpreted as a definite capsule, in addition to the investing membrane 
of the red corpuscle, but Wenyon (1926) is very doubtful whether such a capsule 
really occurs. 

The female crescent or macrogametocyte is about 12 p. long by 2 p. to 3 p. broad 
(Plate III, figs. 19 and 20). It is thinner and longer and its ends more pointed 
than in the case of the male. . Its cytoplasm stains deeply blue. The pigment is 
aggregated together into a cluster in the centre of the crescent, and in this pigment 
cluster the nucleus lies. Very frequently in drawing th~ film the nucleus is a little· 
displaced so that one frequently encounters it peeping out below the pigment 
cluster. The nucleus is compact and deeply staining. The male crescent or micro
gametocyte is shorter, squatter, broader and more stumpy than the female, with 
more rounded poles (Plate III, figs. 16 and 17). Its cytoplasm stains a faint 
blue or a faint dirty pink ·colour with the RomanQwsky stains. . The poles are 
clear, but the hremozoin pigment is scattered throughout the middle two-thirds of 
the crescent, and amid this the nucleus lies. The nucleus has diffuse chromatin 
and stains badly. In wet-fixed well stained films it is seen that in the female 
gametocyte the nucleus has a large karyosome, but in the case of the male game
tocyte the chromatin is present as granules within the nuclear membrane. 

The number of crescents present can be easily counted by the use of the 
hremocytometer~ It bears no relationship to the number of asexual forms present. 
Sometimes a single crescent will only be found after a prolonged search ; at other 
times they are exceedingly numerous. Their numbers may run up to 50,000 to 
150,000 per em. of blood. According to D. ·ThorD.son (1911) the average duration 
of life of a crescent does not exceed a few days ; usually 5 ~o 8 days, never more 
than 20 days. In one instance the w:.;iter-(Knowles, 1919)-noticed crescents only 
present, without asexual forms, in blood films taken from a convalescent malarial 
patient on 12 examinations during 19 days. Further, it is very common to come 
across crescents in blood films taken from persons living in an endemic area, who 
are quite free from all symptoms of malaria at the time. As an illustration the 
case of 12 Kuki villagers may be quoted (Knowles, Chopra, Gupta and Das 
Gupta, 1923). Twelve villagers from the Kuki Hills in Assam were admitted 
to hospital in Calcutta, all of them suffering from frambresia. All except one 
were afebrile, and in this patient cinchona febrifuge did not affect the fever, 
which gradually came down to normal with 8 days' rest in bed. Yet blood 
examinations showed that 11 out of the 12 patients harboured malarial parasites, 
all three species being found amongst the different patients, both trophozc:llte and 
gametocyte forms being encountered. 

P.falciparum is essentially the parasite of epidemic malaria, and hence the 
p~oblems relating to gametocyte formation are of special importance in conn~ction 
with_ this species. The whole subject has recently been the subject of an admrrablo 
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study by Sinton (1926), whose paper includes a valuable bibliography. He finds 
(a) that there is a marked seasonal variation in crescent production in patients. 
Over 2,000 Indian prisoners in the Lahore Central Jail in whose blood P.falciparum 
was found were studied in connection with crescent production over a period of 
eight months. The percentage showing crescents dropped from 4·2 per cent in 
July to 1·1 per cent in October, then suddenly rose to 15 per cent in November, 
and declined to nil in February. MacGilchrist (1915), dealing with 68 patients, 
had noted a rise in the proportion of crescent carriers in October. There 
appears; therefore, to be some ground for believing that the autumnal epidemic sub
tertian malaria which prevails in different parts of India may coincide with an 
increased crescent production by persons infected with P.falciparum. (b) Secondly, 
different localities show a different proportion of crescent carriers, and observers in 
Africa in general record a lower percentage than do those in India. - Thus Statham 
(1915) records 1·4 per cent of 666 adult patients suffering from sub-tertian malaria 
ill West Africa to have shown crescents in blood films ; and Macfie and Ingram 
(1917), -collecting observations by different authors, record a 5·4 per cent crescent 
carrier incidence in 683 infected persons observed in Africa. 1\IacGilchrist (1915) 
records a 34·2 per cent incidence in 1,789 adult Indian patients suffering from 
sub-tertian malaria in Lahore Jail, on careful search of their. blood. Christophers 
(1925) in a hyper-endemic area in Singhbhum, Bihar, found a proportion of 17·6 
per cent :of crescent carriers among children as compared with one of 4·4 per cent 
amongst,adults; whilst Sinton (1926) found a 4·5 per cent incidence in Lahore in 
1,535 Indian patients examined by the thick-film method. -

Sinton's further conclu.~ions are (c) that there seems to be a distinct correlation 
between the numerical prevalence of asexual forms in the peripheral circulation 
and the number of crescents which appear about ten days later; (d) that the 
development of crescents appears to be associated With a lowered immunity, possibly 
due to a change in the reaction of the pulp in the bone marrow and spleen; (e) that 
no marked correlation could be traced between the degree of splenic enlarge
ment and the occurrence of crescents in the peripheral blood.; (/)that the duration 
of life of a crescent may possibly be as long as 40 to 50 days in the peripheral 
blood, but the great majority of them disappear within three weeks after 
the asexual cycle has been destroyed; (g) that his method of treatment by· 
combined alkalies and quinine gave a smaller percentage of crescent carriers 
than any other form of treatment tried; and (h) that the reduction in the number 
of crescent carriers by efficient treatment is an important factor in all anti
malarial campaigns. 

The- paper should be consulted in the original by those concerned in anti
malarial work ; but it is a good example of what Sir Ronald Ross has long claimed, 
that future progress in our knowledge of malaria will only come about by the use 
of mathematical and statistical methods in the study of infections. 
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Differential Diagnosis of the Malarial Parasite~ of Man. 

This subject is dealt with in tabular form in Table I~ The student should 
remember four things: (1) that he is not called upon to identify the species of -
every ring form that he sees, but t.o determine upon a general examination of the 
slide what species of ~nfection is present; (2) that aberrant forms may be encoun
tered; (3) that everything depends upon technique, for the appearances in a deeply 
stained slide may be quite different from those in a lightly stained Slide; (4) that 
mixed infections are very COJD?lOn. 

The frequency of mixed infections has. been strikingly demonstrated at the 
Calcutta School of Tropical Medicine during the last five years. It is customary 
for aU out-patients suffering from fever to be sent to the Protozoology Department 
for blood examination, and whenever malarial parasites are found, 50 or 60 films 
are taken from the patient for the students' classes. Not infrequently where the 
diagnosis of a single species present has been given on examination of the rust 
film, examination of some fifty films from the same patient by as many students 
has shown a second species present in scanty numbers. Recently a class was asked 
to examine films from a patient with benign t~rtian malaria in order to exclude 
malignant tertian malaria, as the patient's blood was to be used for treatment of 
a case of general paralysis of the insane. Ring forms suspicious of P. faZciparum 
were found by three students, and finally a crescent. Even all three species may 
be encountered simultaneously i thus in one film asexual forms of P. tJivaz and 
P. malarim, with a few gametocytes of both species, and crescents, but no asexual 
forms of P.falcipa'f'lltm, were simultaneously present. 

Doubtful SpecieB. 

The question as to the number of species of malarial parasites of man bas 
been the subject of considerable controversy during recent years. Certain observers 
on the one hand have gone so far as to propound the view that all malarial parasites 
belong to one and the same species, which assumes the forms characteristic of 
P. tJivax during the spring months, and those characteristic of P.falciparum during 
the autumn. This view cannot be entertained for a moment. The treatment of 
general paralysis of the insane ana of tabes by inoculating the patient with malarial 
parasites, either by direct inoculation of infected blood or through the agency of -
infected mosquitoes, is now a well-established therapeutic procedure, and in every 
instance where a given strain has been given to a long succession of patients it 
has remained true to morphological type, without variation.* Thus, Miihlens and 

• B. P. James in a recent paper states that the British Governmen' takes the vi~w that thl're ant 

• aerioua objections' to direct inoculation of malaria blood. I' is likely, therefore, that legislation 
will be introduced to make direct transmission illegal, and tha' in Grea' Brit&iu transmission will 
have to be effected ill future PNI tho mosquito. 
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Kirschbaum (1921) passaged f. vivax in series through twenty patients, P. JaZci- -
parum through. four, and P. maZarim through three. In a lat~r paper Miihlens 
and Kirschbaum (1924) record still longer series of passage treatments, including 
1!- series of over forty passages with P. vivax. Yorke and Macfie (1924) inoculated 
seventy cases of general paralysis with malaria, including 23 direct passages with 
P. vivax, and 41 patients with the same parasite transmitted by Anopheles maculi
pennis. S. P. James (1926) inoculated 109 patients with P. vivax from infected 
Anopheles maculipennis. In every one of these instances the species of parasite 
concerned showed no morphological variation from type; P. vivax, for instance, 
always showed the characters of P. vivax, and never those of P. falciparum. The 
' unity ' theory of the species may therefore be said to be certainly wrong. 

In addition to P. vivax, P. maZarire and P. falciparum, however, certain 
authors have t:ded to prove that other and new species of malarial parasites of man 
exist It is perhaps difficult for the. writer, who has been to some extent involved 

, in this controversy, to give an impartial view. Yet it must be recognised at the 
very outset of discussion on this matter that t.he morphological appearances of a 
given species may be_ profoundly affected by many different agencies. 
' The following quotation from Wenyon (1926, pp. 948, 949) seems very 
appropriate :- · 
. . ' In many cases without any treat:m,ent the infections naturally abate as the 
result of ·some· protective factor in the body. It is probable that some substance is 
pr-oduc~d which has a deleterious action mi the parasite. A more rapid suppression 
of an infection is brought about by the administration of quinine. With 
these factors, and probably others of which there is at present no knowh;,dge, acting 
upon the parasites, it is not to be wondered at that occasionally forms are seen 
which do not correspond in every way with the typical ones. Very commonly 
what are. undoubtedly degenerating or damaged forms are seen after quinine 
treatment. The altered parasites may still grow ·and reproduce by schizogony. 
In the case of P. tivax, ragged-looking schizonts sometimes appear. They may 
be smaller and contain fewer nuclei than the normal schizonts, while the irregular 
staining indicates some degenerative process. In other cases, the departure from 
what may be considered the normal type is less marked, and consists of an unusual 
shape of the parasite, increase or diminution in the size of the nucleus or its chro
matin element. It has to be remembered that the malarial parasites are almost 
invariably studied in drl.ed films stained by the Romanowsky stains. In many 
respects these stains, though giving very beautiful pictures, are very unreliable, 
for they are subject to variations, which cause them to stain differently at different 
times. Thus, in the case of typical P. vivax, the absence of Schiiffner's dots, which 
is sometimes noted, is almost invariably due to a poorly acting stain. The intensity 
of staining, depending on the quality of the stain, or the length of time it has been 
allowed to act, produces remarkable variations in the appearance of the parasites 
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and infected cells. When films are deeply stained, ma~y more granules take a 
red coloration than when they are lightly stained, and it is certainly incorrect to 
regard all red-staining granules as chromatin. It has accordingly happened that 
new species of human malarial parasites have been described from time to. time. 
Generally these have been seen in single or very few blood films taken from a case 
on one or two occasions. It has been impossible to follow the cycle of the parasite 
as has been done in the case of the three well-established species. Until this can be 
done, and the parasite has been proved to retain its characters, both in human 
and mosquito passages, it is quite unjustifiable- to introduce specific names. 
Laveran (1914) remarked that he had loJ?g held that the descriptions which were 
usually giv~n of the species of malarial parasites were too schematic, and that in 
practice intermediate and veritable transition forms were frequently met with. 
This remark is certainly correct, and if every slight. variation from the normal is 
considered of specific importance, there_is no limit to the number of species which 
might be createrl.' . 

With which remarks the present writer is in complete agreement. Neverthe
less these supposed new species, or the most important of them, must be mentioned . 

. Plasmodium vivaz var. minuta Emin, 1914. This was described by Emin 
(1914) from the blood of pilgrims at Camaran Island in the Red Sea. Ziemann 
(1915) came to the conclusion that it was a new species, and suggested the name 
P. caroorense for it. Emin gives the characters of this species as follows:-

(a) Marked amceboid activity, so that the forms are very irregular in shape. 
(b) The red corpuscle is .neither enlarged nor altered in colour. {c) Schiiffner's 
dots are very well marked. {d) Nuclear division starts when the parasite is only 
half the size of the red cell. {e) The schizont is only two-thirds the size of the 
red cell. It occurs in the peripheral blood, and from four to ten merozoites are 
produced. (J) Very little pigment is produced. (g) The gametocytes are round, 
and reach a size of three-quarters of the red cell. 

Craig (1909) had described a similar parasite, which in 1926 he concludes to be 
ide11tical with the above; he notes that the band and ribbon-like {equatorial) forms 
so characteristic of P. malarim were not encountered in the infectioli. Stephens 
(1922) has described asP. ovale a. parasite which also resembles the above (Fig. 3). 
In general it resembled P. malarim but band forms were absent, the infected 
corpuscles in many instances appeared oval in outline-whence the name 
suggested for the parasite-were slightly enlarged, pale, and stippled with 
Schiiffner's dots. 
. 'P. ovale • (Fig. 3) occurred in blood films from a British soldier in Liverpool, 
convalescent from malaria contracted in East Africa.. These films were taken in 
1918, stained for one hour with Leishman's stain, and the diagnosis at the time 
was(?) benign tertian, (?) quartan. The films were re-examined in 1922, when 
Professor Stephens suggested that this was a new species. It is worthy of note 
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that films taken lrom the same patient eight days previously had shown typical 
forms of P. vivax. ' 

It seem~ to the present writer that, in connection with this supposed new species, 
a good deal depends on whether the patients concerned had or had not taken quinin~ ; 
for quinine administration may markedly affect the morphological appearance of 
P. 1:ivax. Further, Cragg and Naidu (1918) have drawn attention to the way in 
which atypical parasites tend to occur in cases where successive attacks of fever 
over a long period have reduced the patient's vitality to a serious degree. Recently 
the junior author showed the writer films from a fatal case of blackwater fever, 
taken the day before death occurred. A double infection with P. vivax and 

s G 

9 · 

FIG. 3.-Plasmodium ovale. (From Wenyon, 1926, after Stephens, 1922. ) 
1. Normal red blood corpuscle. 
!!-3. Ring forms. 
4-7. Partially grown forms. 
8-12. Nuclear multiplication and achizogony. 

P.folcipa.rim& was present, but many very aberrant forms of the former species 
were present. 

The writer, personally, has not yet encountered P. orale, and must admit that 
he cloes not expect to do so. If, however, the parasite should turn out to be a valiJ 
species, then as Wenyon (1926) remarks its correct name will be P. minutum Emin, 
1914. 
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Plasmodium tenue Stephens, 1914 (Fig. 4:). Thi~ is the name gh·en to a 
malarial parasite seen by Profe;;sor Stephens in a single blood film posted from the 
Central Provinces to Lh·erpool. Only young forms were present, and they were 
characterised by their markedly amooboid form, by the large amount of chromatin 
present, and by its markedly erratic shape. 

The puLlication of Stephen's paper was followed by a considerable controversy. 
Balfour and Wenyon (1914:) pointed out that such amooboid forms were by no means 
uncommon in P. falciparum infections, and that there was no reason to regard 
P. tenue as a di.stinct species. The chief case for P. tenue as a valid species rests on 

F1o. 4.-Pla&modium tenue. Stephens, 1914 • . (From \\'enyon, 1926, after Sintou, 1U!!2.) 
1-2. Young forms probably varying in age from 3 to 8 hours. 
3-6. :Medium sized, irregular or ovaJ.tailed forms, probably varyiog in age from I~ 

to 24 hours. 
7-9. Forms during the ' tenue • phase, probably varying in age from 28 to 30 hours. 

10-12. Large ova.! or polyhedra.! forms, probably varying in age from 36 to 40 hours. 

Sinton's admirable paper (Sinton, 192~b) ; whilst Christophers (1925} in his study 
of malaria in Singhbhum notes that the parasites encountered in that district 
resembled P. tenue rather than P. Jakiparum. 

Thanks to the kindness of Major Sinton, the \'\'Titer has had the opportunity 
of examining some of his preparations. 1\Iajor Sinton saw 'P. tenue ' infection 
first in the five cases in the Central Provinces mentioned in hi:> 1922 paper; still 
later in other cases in Lahore ; and he is practically convinced that the case for the 
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new species is a valid one. His claims for the existence of P. tenue as a valid species 
are as follows :- ' 

(a) The smallest ring forms seen were never less than one-fifth of the diameter 
of the infected celL (b) The chromatin dot does not appear to project as much 
externaliy as in the similar stage of P. falciparum. (c) The very varied forms of 
P. tenue differ very m~ch from the pseudopodia! forms of P. falciparum. (d) The 
irregularity and abundance of the chromatin differ from the more or less compact 
form Seen inP.faZciparum. (e) The largest forms of P. tenue seen in the peripheral 
blood were about half the diameter of the infected cell. {f) Accole forms were rarer 
than in the early stages of P .faZciparum. (g) In the infected cell the stippling seems 
to be of a more rounded character and more numerous than that seen inP.faZciparum 
infections; whilst finally (h) hremozoin pigment appears later and is lighter in colour 
than in P. falciparum, and parasites as old as 36 hours of age are to be· encountered 
in the peripheral blood. Clinically the fever is of tertian periodicity and unusually 
mild for a malignant tertian infection. 

That Sinton's claims make out a fairly strong case, the writer admits; but it is 
doubtful whether they are sufficient upon which to base the creation of a new species. 
The matter is still further complicated by the findings in the classes· held at 
the Calcutta School of Tropical Medicine. Upon three occasions now to date films 
from typical infections with P. falciparum infection have been distributed to classes 
and students have shown to the writer forms exactly resembling P. tenue-(except 
that they were not pigmented)- whilst typical forms of P.falpipanem, and in one 
instance crescents, were also present in the same film. Plate III, figs. 21, 22, 23 
and 24 are sketches made at the time of these tenue forms. The case for P. tenue 
cannot as yet be held to be proved-at least in the writer's opinion. 
. Plasmodium perniciosum Ziemann, 1915. Ziemann believes that the parasite 
of malignant tertian malaria in West Africa differs £romP. fakiparum elsewhere; 
that its pigment is more scanty in amount and darker in colour ; that the infected 
red cells do not show a ' brassy tint ' ; that the infection shows a complete dis
appearance from the periphet.a.l blood after rings have been formed; the schizonts 
only occupy one-third to one-half of the infected red cell ; the number of merozoites 
is from 12 to 16; crescents .are scantier in number and smaller and plumper in shape 
than in P. falciparum. ··Considering the variations which occur in undoubted 
P.falciparum, and that there may be some variation in the time of disappearance of 
parasites fr?m the peripheral blood, however, the above claims are absolutely in-
sufficient upon which to create a new species. · 

Quotidian ma't<u·ia. Several observers have tried to establish the view that there 
is a separate species of malari~l parasite responsible for quotidian malaria, with daily 

. rigors1 and with a schizogony. cycle which occupies only twenty-four hours. Grassi 
and Feletti (1890) were the first workers to introduce this view, and they termed the 
parasite P. immaculatum, as it was supposed not to produce piginent. Marchiafava 
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and Bignami (1891,1892) and 1\lannaberg (1893) adopted the same view and expanded 
it. The chief supporter of this view, however, is Craig (1909, 1926), who named the 
parasite P. Jakiparum· quotidianum Craig, 1909. It is claimed that the ring forms 
are very minute, 0·5,... in diameter; pigment is produced later than is the case.with 
P.Jakiparum: when pigment is produced the ring form is _lost and the plasmodium 
appears as a hya1ine, spherical disc, with one or two pigment granules, only occupying 
one-filth of the red corpuscle, which is shrunken and crenated in appearance and of 
a dark olive green colour, The number of merozoites is from 6 to 18 and they are 
very minute indeed,' generally less than 0·5,.. in diameter.' The gametocytes are 
only a little over half as long as those of P.faZciparum and the pigment in both sexes 
is very small in amount. 

It is very doubtful indeed whether there is any malarial parasite with a 24:-hour 
schizogony cycle. AB Wenyon (1926, p. 952) remarks-' The occurrence of pig: 
mented and unpigmented varieties of P. Ja'f,piparum has been explained above by the 
fact that the young forms disappear from the peripheral circulation either before 
or after pigment has appeared in their cytoplasm. It seems not improbable that 
the time of disappearance of the growing forms ofP.JaZciparum from the peripheral 
blood varies considerably. Yery frequently the only forms found are the young 
minute rings which disappear into the internal organs after.a few hours. • In other 
cases the disappearance _is delayed, and older .forms with ~ne ~~ two granules of 
pigment may be found. A further delay of twenty-four hours or more will lead to 
the discovery in the films of still larger parasites, definitely pigmented, and sometimes 
markedly amreboid in form, the larger forms retaining their irregularity during the 
drying process of film-making more easily than the younger ones,_which contract 
to the definite ring more quickly.' · · 

There are several alternative explanations of quotidian malaria, other than the 
necessity of postulating a different species of malarial parasite as its cause. If e. 
patient is infected with two different strains of P. vivaz or of P.Jakiparum, or with 
one strain of P. vivaz and one of P. Jakiparum, and these strains undergo sporula·
tion on alternate days, then he will have a. daily rigor; inasmuch as strain A will 
sporulate on the 1st, 3rd, 5th, etc., days, and strain Bon the 2nd, 4th, 6th days, etc. 
Even this is not necessary to produce quotidian malaria., however. It can result 
from the inoculation of a single dose of sporozoites, as has been emphatically shown 
by S. P. James (1926) for P. vivaz infections. In any benign tertian infection it 
may happen that some parasites may lag in development, either through partial 
resistance on the part of the patient, or-not infrequently-owing to the adminis
tration of small doses of quinine; doses quite insufficient to stop the fever, but 
sufficient to somewhat affect the parasites. If two dominant strains of parasites 
are evolved, each of which comes to sporu~ate on days alternate to those for the 
other strain, fever with quotidian rigors will ensue. The patient's powers o{ 
resistance will then rise and overcome first the brood which is either less 
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numerous or less resistant, an,d the temperature chart will therefore revert to a 
tertian periodicity. Finally, the more resistant brood of parasites will be 
overcome, with resultant (clinical) cure. 

The Relationship of the 11-lalarial Parasite to the Red Corpuscle. 

It is obviousfrom the above account of the schizogony cycles of the malarial 
parasites that the merozoites are liberated from the ruptured infected red corpuscles 
and pass in the plasma to the surface of fresh red corpuscles. The malarial parasites, 
therefore, in their earliest trophozoite phase are extra-cellular in position. It is 
held by most workers that early in the history of their development the trophozoites 
enter into the substance of the red blood . corpuscle and that both the schizonts 
and gametocytes are intra-cellular in position. With this view, however, 
Lawson (1912-1919) does not agree. In a series of papers illustrated 
by beautiful microphotographs, she· upholds the view that the malarial 
parasites are throughout their cycle in the human body applied to the 
surface of the erythrocytes and that they never penetrate into them; in fact. 
·she depicts the parasites as wandering from red cell to red cell_ in search 
of hremoglobin-like bees to difierent flowers in search of honey. Sinton 
(1922c) justly points out that the-study of parasites in air-dried films in which 
the red cells have been flattened cannot decide the point as to whether the parasites 
are actually within the cells or_ on their surface. He accordingly treated fresh blood 
oontaining infections with P. vivax and P. falciparum with hypertonic and with 
hypotonic saline. In hypotonic solution the red corpuscles swelled and in so~e 
instances the parasites appeared as if indenting the swollen margiri of the erythro
cyte; in hypertonic saline the red· corpuscles became shrivelled and appearances 
resulted wh.ich suggested parasites applied to the shrivelled and crenated margins 
of the erythrocytes. Stephens and Gordon (1924a) have studied the relationship 
of .the crescent to the red cell. They figure the different appearances encountered 
and conclude that in many cases the poles of the crescents project beyond the red 
cell, whilst they gathered the general impression that the crescents were extra

. cellular and applied only to the surface of the red corpuscles. 
On the other hand, as Wenyon (1926, p. 913} points out, if the parasites are 

actually e~tra-cellular, it is not easy to understand how the marked changes which 
occur in the red cells in benign tertian and malignant tertian infections occur, nor 
how it is that the red cell is completely destroyed when sporulation takes place. 
Crescents are forms wbich are particularly liable to distortion in spreading films 
but when a typical crescent is seen-not distorted-the appearance of the outline 
of the red corpuscle around it and bulging on its concave side appears to bt 
inconsistent with the view that the crescent is extra-cellular. 
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Morphological Characters of the :lJlalaria Parasites. (Romanowsky Stains.) 

Trophozoite, 
• .King.' 

Early 

Pla.Bmodium t>itXU:. 

Relatively large: ocoupiea l to l vol. 
of R. B. C. Round or oval. Chro
matin a round dot in thin part of 
ring or often appears as if in vacuole. 

Plasmodium malant& 

Sm~~oller and denser than P. viva:c. 
Compact, dense, little ring, 
round or oval. Often aeen side· 
waya. Cytoplasm deep blue. 
Large deep red chromatin dot. 
Ring often very narrow on each 
aide of chromatin. ' Bird'&• 
eye ' forma common. 

Pla8modium falciparv.m. 

Smallest Jllalarial form. Almost dots 
to begin ·with. Accol6 forma very 
characteristic. Multiple infection of 
R. B. C. 'a very common. Chromatin 
a deeply staining granule or bar. 
Cytoplasm very scanty. Rings thin 
and hair-like. 

--------1-------------1----------- ·-- ----·--·-- -----·-- ·- ---·-
Growing.trophozoite •• }'limsy. Very ammhoid. Fine 

streaming pseudopodia through R. 
B. C. Multiplicity of forma aeen in 
same 111ide characteriatio. Fine 
luiBmozoin granules. 

· Compaot with cytoplasm more 
collocted together. Egg· 
I hap e d, equatorial-band, 
ribbon and ooml"t-like forma 
streaming across the R. B. C. 
characteristic. H~emozoin 
formed early in coarse, dense, 
black masses and chunks. 

Typical but very small ring. Occupies 
· up to i of R. B. C. Chromatin 

mnch : cytoplasm little. Chromatin 
often rod-like and divides very early. 

-------·---l--------------1----..,----------·1------------------: 
BMDozoin pigment • , Ycllowiah-brown: fine grains or tiny 

rode. Scanty. 
Much. Coarse, dense rods, Granular. Pepper-like. Brown.' 

ohunka and maasea. Brown. 
black. The pigmented parasite, 

~-------l-------------1-------------l----------------------
~ ·'·< 
lofeoted R. B. C. at Swollen, distended, and pale, SchiUf. Not enlarged : shining unaltered, 

post-ring stages. ner'a dots. 
Unchanged or even shrunken in size. 

Staining reaction . may be basophile. 
Outline may be crenated. Stephens' 
and Christophers' dots sometimes 
seen. 

-----------------l------------------------------l-------------------------1~-----------------------------

Bohbont In enl~~or~ed, pale R B. C. shewing 
Schuffner's dots. Flimsy. Contour 
irregular. Fine hwmozoin granules, 
2. 4, 8, eta., rounded chromatin 
masaes. 

Large round deeply pigmented 
. body. Occupies most of un• 

altered R. B. C. Compact : 
globular : clear outline. Cyto· 
plasm stains deeply blue. 6 to 
8 chromatin masses. 

Not seen in peripheral blood. If found, 
case very serious. Sma.ll. Only 
occupies l to frds of R. B. C. 8 to 
12 chromatin dot!!. 

---- ---------------------------------------------------
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Pla8modium vivaz . Pla8modium malarire. PlasmocUum falcip~rum. 
... .... 

; 

£porula.ting Schizont: Large form : 8! p. : almost fills the · Typical geometrically arranged Not seen in peripheral blood t~xcept in 
'.Rosette.' distended and pale R. B. C. 15 to 20 ' daisy ' rosette. 6 to 12 very severe cases. Small : occupies 

mero7.oites in an irregular grape-like mcrozoites symmetrically ar- l to frds of R. B. C. 8 _.to 18 
cluster. Residual mass with ranged round deeply pigmen- merozoites arranged in a grape-like 

; hremozoin pigment excentrically ted, central residual mass. cluster. Central residual mass with 
~ ... situated. ; considerable pigment. .. 
. . 
Microgametocyte (Male) Large, round body, 10 to 12 p.. • Fills . Round, spherical body. Fills the : Male 'crescent.' Sausage shaped. 

the distended, dale and almost R. B. C. which is not altered : Shorter and stouter than female. 
. ~, :. invisible R. B. . Stains ba<;lly. · in size. Stains badly, treyish · Occupies whole R. B. C., traces _ of 

Cytoplasm pale grey-green or grey · green to pinkish. antral which may be seen on concavity of 
reddish colour. Pigment light and cluster of pigment chunks and ftrasite. Clear pale blue cytoplasm. 
yellow-brown: fine grains. Large, masses. The most densely pig- remozoin as scattered fine grains in 
diffuse nucleus, staining badly, and mented malarial form known. middle frds. Large oval, central, 
often extending partly across the Chromatin diffuse, badly stain- diffuse nucleus stains badly, lying 
equator of the parasite. . ing and arranged in zone-like amongst pigment grains . 

bands. 

acrogametocyte Large round body, 12 to 14 p.. Fills Almost fills R. B. C., which is not Female ' crescent.' Longer than male 
(Female). ! ~nlarged, pale and almost invisible enlarged. Cytoplasm stains and with more pointed ends. 
-·· R. B. C. Cytotasm stains deeply deeply blue. Abundant deep Cytoplasm stains deeply. Central 

blue. Consi erable granular brown-black pigment. Nucleus dense cluster of hremozoin grains. 
hremozoin. Nucleus stains deeply stains deeply red and is excen- Nucleus stains intensely as compa,ct 
red ; usually excentric in position, trio in position. mass amid the pigment cluster._ 
and frequently with a halo-like zone: 
around it. · -

feripheral Blood Films Shew all phases of both schizogony i Shew· all phases of both schizo- Rings and ,crescents are the only forms 
• in an established : and sporo~ony. Multiple infection. gony and sporogony. Mul- usually seen in peripheral blood. 

infection. of R. B. .'s, not uncommon. - : tiple infection of R. B. O.'s Heavy multiple infection of R. B. 
I very rare indeed. C. is '17ery characteristic : e. g., !! to 

8 rings or accole forms per R. B. C. 
The infection is usually much more 

I 
intense than those with P. viva:r: or P. 
malarire. 



CHAPTER U. 

THE MA.I.ARIA PARASITES. CYCLE IN THE MOSQUITO. MALARIA: 

MiscELLANEA. BLACKWATER FEV~R •. THE PLASMODIA ·oF · 

l\UMMALS, BIRDS AND LIZARDS.-

IN. the year 1895 Sir Ronald Ross-at that time Surgeon-Major Ross of the 
Indian Medical Service-determined to discover how malaria was transmitted from 
man· to inan.* The conditions· under which Ross worke~ are to-day almost 
incredible to the medical research worker in India. The story is fully. told in his 
.lferMira, & volume which every worker imbued with the spirit of discovery should 
read. · It is true that there had been great pioneers of ~edical rese·a~ch jn India 
prior to Ross• day-H. D. Cunningham, Vandyke Carter and Timothy Lewis, to 
n11.me but three ; but in 1895 a military medical officer who wa_s keen on research 
work was regarded as a somewhat unpleasant phenomenon-polo and pig-sticking 
being far more important. To-day. t-hanks to the re-organisation of the Indian 
Medical Research Department by the late Sir Pardey Lukis, conditions are ·utterly 
clifferent; the problems are there. there is financial provision for their investiga
tion, the only difficulty is to find. men of the right type to investig~te them.; 
conditions such as were present in Ross' day can never recur. · · 

Ross had been on furlough to"England in 1894, where he came un:der the spell 
of the late Sir Patrick Manson, at that time Dr. Manson, who had retired from 
practice in China, and who was living in Queen Anne Street, Cavendish Square. 
Manson shewed him the ~nalaria.l parasite, which had been discovered by Laveran 
in 1880, and drew his attention to the ' crescents • (gametocytes) of Plasnwdium 
fakiparurn. Fedschenko in 1869, at the suggestion of the great German parasito
logist Leuckart, had established the fact that the guinea-worm Dracunculus 
medinensis passes a phase of its life-cycle in the water-crustacean, Cyclops. 
Manson in 1877 had discovere'l that another filaria of man, F. bancrofti, has a 
similar cycle of development in the mosquito. King in 1883 had written a most 
remarkable paper in which he gave nineteen reasons why mosquitoes are likely 
to carry ~nalaria ; whilst the ancient Romans had used mosquito-nets as a 

·• Sir Ronald· Ross himself has Vt'ry kindly correeted the- proofs of pp. 31· to 34-. Tbt"y were 
eubmitted to him in order to make oertain that no incorrect statement was made.-R. K •. 
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preventive measure against malaria-a practice which they appear to have 
borrowed from the Greeks, a:D.J which they in tum, as Herodotus remarks, 
appear to have borrowed from the ancient Egyptians. The ancient writings, 
including those of Susruta. in India, contain many vague suggestions of the 
association of malaria with mosquitoes. To make a suggestion, however, is not 
equivalent to making a discovery. Manson suggested to Ross that malaria is 
conveyed by mosquitoes ; he thought that the mosquito probably ingested the 
malarhtl crescents with the patient's blood; that they then developed further in 
the mosquito, which then fell into water, whe!l it died; that the infected dead 
mosquito or its remains or parasites were swallowed by man in his drinking 
water or were carried into the ai.r and that man thus acquired infection with 
malaria. The true facts were discovered by Ross, but from first to last Manson 
acted _ as _sponsor and gave him every encouragement. Ross returned from 
furlough to Secunderabad in May 1895, determined to tackle the problem. 

At that date there was practically no literature on mosquitoes, and Ross-not 
unnaturally-turned first to the ' grey ' and ' brindled ' mosquitoes, i.e., those of 
the genera O·ulex and Aedes (Stegom.yia). The stage of :flagellation of the microgame
tocvte he immediately discovered in mosquitoes, indeed it had been seen previously 
by ·Laver~n in freshly drawn blood, and can be sturlied in fresh blood in vitro 

_apart from the mosquito.- In September of the same year he was suddenly 
transferred to Bangalore on special sanitary duty. To some extent, perhaps, 
Ross had himself to thank for the troubles that followed ; he could tolerate 
neither· fools nor authority patiently, whilst he sought not to unravel but 
to cut through red tape-an impossible procedure. Thus his views on his 
sudden transfer to Bangalore are given in the following stanza from his notebook 
at that date :-

'We 'ory, "God m!Ure us Kings, 
Poets or Prophets here ". 
The -soornful answer rings 

"First be My Scavenger ".' 

In 1897, however, Ross reverted to Secunderabad, and at Sigur Ghat suddenly 
came across a mosquito which was neither 'grey' nor 'brindled' but which had 
spotted wings, i.e., an Anopheles. The discovery gave him furiously to think. He 
turned to this genus and on the 20th August, 1897, suddenly came across a malarial 
oocyst in an infected anopheline mosquito, the first and most important event in 
his great discovery. His first publication. of this discovery was despatched to the 
British Medical Journal in September, 1897, after he had further confirmed the 

: existence of the oocyst stage in infected anophelines, and was published in that 
journal on the 18th December, 1897. He had no sooner reached this very important 
stage in his discovery than he was transferred on military duty to Kherwara in 
Rajputana. 
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In the same year (1897) MacCallum discovered the process of fertilization in 
Hamw]Woteus columhw, the parasite of pigeon malaria, and the true nature of the 
malarial crescent now became clear. At Kherwara, however, cases of malaria 
and Anopheles mosquitoes were rare and Ross' work was interrupted. After 
insistent and persistent requests to be placed on special duty to investigate the 
problem, Ross was finally put on special duty for six monthS with instructions 
to investigate the transmission of both malaria and kala-azar within that 
period-a. not inconsiderable task, seeing that the latter problem alone has 
taken twenty-three years of work, and the 1olution is not even now complete. 
With a comment of • Victory· or Westminster Abbey' Ross departed for Calcutta 
in March 1898. · 

In Calcutta. cases of malaria were difficult to obtain owing to the plague scare, 
and Ross turned to the closely allied Plasmodium ]WWCO:-& parasite-:-or Proteosoma, 
as it is frequently termed-of birds. _ The stages of fertilization and of oocyst 
formation of this parasite were immediately discovered, and in May 1898, Ross' 
first official report Cultivation of Proteosoma, Labbe, in Grey Mosquitoes was sent 
in to SiiDia. This report was not officially issued until October 1898, but in the 
meantime some thirty or forty ·copies of it were sent to Europe, America and 
elsewhere. In June and July of the same year Ross discovered the liberation 
of sporozoites into the crelomic cavity of the mosquito and the invasion of the 
salivary glands and succeeded in infecting healthy birds from infected Culex 
mosquitoes. Sir Patrick Manson published an abstract of the work in the British 
Medical Journal of June 18th, 1898. In July of the same year Manson gave a 
full account of the whole discovery at the Brit-ish Medical Association annual 
meeting at Edinburgh, and t~is address was published in the Journal of Tropical 
Medicine for August 1898, also in the Lancet in the same month, and in the 
British Medical Journal in September 1898. _ 

The whole of the transmission cycle for P. pr(?cox wa11 thus discovered. In 
October 1898, Ross' Preliminary Report on the infection of birds with Proteosoma by 
the bitP-& of tnosquitoes was published from the Government Press, Calcutta.. It 
now only remained to apply these results to man, and to work out the similar life
cycle of the human malarial parasites in Anopheles mosquitoes. Ross, however, 
had to leave Calcutta for Assam in August 1898 to take up the kala-azar 
investigation, with his malaria work unfinished. . 

He returned to Calcutta in November 1898, determine<! to finish the work 
if time allowed. Unfortunately he and C. W. Daniels, who had now joined him 
started work with Anophek8 rossi-the commonest anopheline mosquito of Bengal, 
but not a true carrier of malaria in Nature. 

It is to be noted that, up to this point, Ross had worked out the whole of the 
transmission cycle of Plasmodium prucox in Culex mosquitoos, had seen o0cysts 
of human malarial parasites in Anopheles mosquitoes, anJ bad predicted that the 

c 
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transmission cycle of human malarial parasites would be found to occur in 
Anopheles mosquitoes, and that it would be identical with that of P. prrecox in 
O.fatigans. Also that advance copies of his first report had reached Europe and 
had been extensively circulated, and that the knowledge of his proteosoma. 
discovery was widespread. 

The Italian workers now entered the field. The question of priority with regard 
to the discovery of the sporogony cycle of the Plasmodiidre has been the subject of 
endless controversy since that date, but there can be little doubt that the Italian 
workers· were familiar with Ross' .proteosoma work. Thus Grassi in his first 
publication in October 1898 (Policlinico}, refers directly to Ross' work; in his 
second paper in November 1898 (Lince·i}, he refers to Sir Patrick Manson's address 
to the British Medical Association in the previous July, and states that he had 
received some of Ross' proteosoma specimens and mosquitoes from Manson. 
Bignami succeeded first in experi~ntally infecting man with malaria from 
Anopheles mosquitoes on November 3rd, 1898,.and in his first paper in November 
1898 (Bull. R. Accad. Med. d. Roma}, discussed Ross' work at length. The Italian 
workers deserve every possible credit for applying Ross' results with proteosoma 
to human malaria, but their work c'an hardly be regarded as having been 
' independent ' of Ross' great discovery. 

The Italian workers were greatly helped by two further events, the introduc
tion of the Romanowsky stains, and Ficalbi's work on Italian mosquitoes, which 
enabled them to identify the species of mosquitoes encountered and experi
mented with. Bastianelli, Bignami and Grassi (1898) observed the oocysts of 
P. falcipar·um in anopheline mosquitoes just as Ross had done in 1897. They 
also succeeded in infecting man experimentally from mosquitoes. Later in the 
year Grassi, Bignami and Bastianelli (1898) observed the complete cycle of develop
ment of P. falciparum in Anopheles maC'ulipennis, and the partial development of 
P. vivax. Early in 1899 Grassi, Bignami and Bast.ianelli reported the development 
of P. malarire in the same mosquito, and Bastianelli and Bignami (1899) that of 
P. vivax. Other papers followed by Grassi, Bignami and Bastianelli (1899a), 
Bastianeili and Bignami (1899), Grassi (1900), Ziemann (1900), and others. Ross 
himself left India on furlough in February 1899, and in the same year demonstrated 
the sporogony cycle of the three malarial parasites in Anopheles mosquitoes in 
Sierra Leone (Ross, 1899). In the meantime Ross' work on proteosoma had been 
confirmed-if it wanted any confirmation-by Koch (1899) and by Daniels (1899). 
Finally the whole sporogony cycle of the malarial parasites of man was described 
in full detail in a classical monograph hy Grassi (1900). The full history of 
Ross' work-and of his great discovery may be read in his Memoirs (London: John 
Murray, 1923); whilst Nuttall (1901) has published a full account of the history 
of the . discovery of the malaria transmission cycle, dealing with the papers 
published in their chronological order. 



CHAPTER 11. 

The Sporogony Cycle (Plate IV). 
The earliest phases of the sporogony cycle of the malarial parasites may be 

observed on a microscope slide, or in the stomach of any blood-sucking insect, 
but it is only in the genus Anopheles that the further development of the human 
malarial ookinetes takes place. When the mosquito feeds, both gametocytes 
and asexual forms are ingested with the blood. The latter die off in the 
stomach of the mosquito, whilst only a certain proportion of the gametocytes 
Rurvive to complete the sporogony cycle. 

The first phase 
sists in the rna-
gametocytes, a 
studied hy J. D. 
and by Thomson 
(1922), (Fig. 5). 
among the Metazoa 
cells is preceded 
division ' of the 
the male and the 
process by which 
chromosomes in 
be halved, so that 
fertilised ovum has 
of chromosomes as 
In some of the 

FIG. 5.-DeveloiJment of the micro· 
and macro-gametes from the gametocyte& of 
PlastMdium fakiparum. (From Wenyon, 
1926 after J.D. Thomson, 1917.) 

I. Microgametocyte (male crescent) in 
Ciliophora a simi- blood film. 

been observed ; in 2. Spherical microgametocyte with 

malarial game- two polar bodies. 
3. Stage similar to 2. 

the process consists 4. 1\[acrogametocyte (f<•male crosc~nt) 
chromatin which is in blood film. 
the sexual cycle. 5. Cytoplasm of macrogametocyte 

of this cycle con
turation of the 
process especially 
Thomson (1917) 
and Woodcock 
As is well known, 
the union of sex 
by a ' reducing 
nucleus of both 
female cell ; a 
the number of 
the cell comes to 
after syngamy the 
the same number 
had its parents. 
higher free-living 
lar process has 
the caRe of the 
tocyt.es, howe\·er, 
of a sheJding of 
not required fol' 
This has been 

l.'scaping through opening in capsule. 
studied by J. D. 6. The maerogamcte has compl.,ted Thomsonespecially 
in the case of P. its escape from the capsule, at one l.'nd of Jalciparum. Ac-
cording to this which a polar body is seen. author the cres-
cents of the para- site of malignant 
tertian malaria have a definite capsule of their own (Fi~. 5); (though Wenyon, 
19~6. is nry doubtful a.s to whether any distinct capsule exists, apart from the 
investing membrane of the red corpuscle). In the macrogametocyte a. small 
pore is said to form in the concave aspect of this capsule, and through it the 
parasite flows out and becomes a rounded, motionless sphere lying in the fluid 
contents of the mosquito's stomach. As it emerges from the capsule one (or two) 
beads of chromatin--the so-called polar chromatin-are budded off, and are 
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usually left behind, attached to the empty capsule. In the case of the male 
gametocyte, the limiting membrane gives way uniformly all round, polar 
chromatin is budded off and extruded from the parasite, and the gametocyte 
becomes transformed into a spherical, but motile body. Similar changes and a 
budding off of polar chromatin occur in the gametocytes of P. vivax and of 
P. ma'larim. 

It is a little doubtful whether such a capsule occurs, and Wenyon's account 
of the maturation phenomenon is somewhat different. That polar chromatin is 
extruded, axid that this process corresponrls to the reduction division among the 
sex cells of the Metazoa is highly probable, though the process is said to be 
observable only in films fixed in osmic acid vapour. In either event, the 
gametocytes leave the red blood corpuscles which contain them, probably by a 
rupture of the membrane of the red corpuscles que to movements of expansion 
and contraction on the part of the gametocytes. The macrogametocyte becomes 
transformed directly into a single rounded, spherical macrogamete, lying motion· 
less in the fluid contents of the mosquito's stomach (Plate IV, fig. 12). In the 
male gametocyte, after it has left the red corpuscle, a state of violent commotion 
sets in in its cytoplasm, and the pigment granules can be seen to be in violent 
movement, whilst the whole sphere commences to jerk about and to become 
more and more agitated. The nucleus divides into 2, 4, then into 6 to 8 
daughter nuclei. These approach the periphery of the gametocyte. In. front 
of each a long thin process of cytoplasm is extruded from the sphere, and 
into this the daughter nucleus passes. In this manner the microgametocyte 
comes to have from 4 to 8 such flagellum-like structures attached to it as it 
whirls. about in the fluid contents of the mosquito's stomach. The whole 
process has been termed' ex-flagellation '--a very bad term, since the flagellum
like structures are not flagella at all, but are the microgametes (Plate IV, 
fig. 12). . 

At varying intervals tliese microgametes break away from the microgametocyte, 
the remains of which constitute a residual body, in which all the pigment grains 
remain. The microgametes are liberated with explosive suddenness ; they are 
actively motile, and by lashing movements swim about amongst the red blood 
corpuscles in the mosquito's stomach. 

In the meantime certain changes have taken place in the macrogamete. Its 
pigment remains stationary, or is only slightly motile. . After the extrusion of the 
polar chromatin, its nucleus moves towards the surface, where a slight elevation 
of the cytoplasm occurs. Through this elevation a microgamete enters, and 
male and female pro-nuclei unite ; in other words syngamy occurs, and the 
macrogamete now becomes an ookinete-corresponding to the fertilised ovum 
of the Metazoa. The entire process of fertilisation takes place very rapidly, 
and p1ay be studied in an ordinary wet blood preparation between a slide and 
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PLATE IV. 

The Life Cycle of Plasmodium falciparum in Man and in the Mosquito. 

(Partly original and partly from Wenyon, James, and other authors.) 
Fig. 1. Normal red blood corpuscle. 
Figs. 2-4. Early ' ring ' forms • 
., 5-6. Growing schizonts. 

Fig. 7. Mature schizont, ' rosette.' 
., 8. Rupture of mature schizont. 
, 9. Young form, possibly a pre-gametocyte. 
, 10. Gametocytes of the two sexes. .. Crescents.' . 
, 11. Female A:nophelu mosquito ingesting gametocyte-containing blood. 
, 12. I\i[aturation of macrogametocyte into macrogamete ; and production of 

" 13. 
.. u. 

Figs. 15-16. 
Fig. 17. 

" 18. 

microgametes by microgametocyte-' ex-flagellation.' 
Fertilization of macrogamete or syngamy. 
Zygote or travelling vermicule, (ookinete) 
Developing oocysts, (en~ysted zygotes). 
I\Iature oocyst packed with sporozoites. 
Rupture of IDJ~,ture oocyst and liberation of sporozoites into crelomic 

caVity.of the mosquito. 

" 
19. Free sporozoites. 

" 
20. ~nvasion of salivary glands by sporozoite&. Glands shewn in section ; 

(after Wenyon, 1926). 
, 21. Infective mosquito injecting malarial sporozoit.es into the blood stream. 

INsET L I\fidgut o( infected mosquito shewing oocy~ts in situ; (after Dofiein, 1911). 

INSET II. The Vicious Circle in Malaria; (after James, 1920). 
A. Infected donor-gametocyte carrier. 
B. Female Anopheline mosquito, infected from A. 
C. Freshly infected human host, infected from B. 

The circle can be broken ;-
(1) At D-D' by measures taken to eradicate malaria in .:USn, such as quinine 

therapy. 
(2) At E-E' by anti-mosquito measures. 
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cover slip. It may be completed within a few minutes of making the preparation 
(Plate IV,. fig. 13). 

The ookinete--or zygot&-is at first motionless. Soon, however, it elongates 
in form and becomes vermiform in shape ; in the case of P. vivax, .as studied by 
Schaudinn (1902) measuring from 18 p. to 24: p. in length by 3 p. to 5 p. in breadth 
(Plate IV, fig. 14:). By movements of contraction, bending and gliding, with a 
worm-like, slow movement, the zygote--or, as it is often termed at this stage, the 
travelling vermicul&-makes its way through the contents of the mosquito's stomach 
to the gut epithelium. It has an anterior-more pointed, and a posterior-more 
rounded end, a central nucleus, and pigment granules--derived from the pigment of 
the macrogamet&-lying in its posterior half. . Having reached the epithelium ~f the 
midgut, the zygote bores its way into an epithelial cell, through which it passes into 
the space between the epithelium and the tunica elastico-muscularis,. which is a 
delicate membrane investing the outer surface of the stomach wall. Between this 
membrane and the epithelium the zygote comes to rest, and contracts into a small 
spherical body with a diameter rather less than that of a red blood corpuscle. A 
thin and delicate enveloping membrane is next secreted arowid the zygote; the 
exact origin of this delicate cyst wall is uncertain ; it may be secreted by the 
parasite itself-as appears most.l1:kely---or it may be secreted in part by the cells 
with which the zygote is in contact (Plate IV, fig. 15 ; also Figs. 6 and 7 in 
the text). 

With regard to the time intervals in the cycle thus far, fertilisation is usl!-ally 
completed within from 20 minutes to 2 hours of the ingestion of the blood meal 
by the mosquito; motile ookinetes are in evidence in from 12 to 24: hours after the 
feed, and early encysted oocysts are visible in the gut wall from about the 40th 
hour after the feed onwards. 

The encysted zygote-Qr as we may term it, the oocyst-now grows in size, t.he 
rate of growth and of development depending on the atmospheric temperature, 
and finally attains a diameter of from 50 ,. to 60 p.. The cyst wall does not become 
thinner as growth proceeds, and its thickness is apparently maintained by 
secretion by the parasite. The nucleus, at first single, divides again and 
again repeatedly until an enormous number of minute nuc1ei are present within 
the oocyst. As this occurs, the cytoplasm of the oocyst becomes progressively 
more and more vacuolated, until the whole of the cytoplasm is reduced to a 
sponge-work of numerous anastomosing septa. This change is undoubtedly 
adapted to bring about a great increase in the surface area of the cytoplasm, 
which is utilised by the nuclei in their subsequent development. The extent 
of vacuolation of the cytoplasm varies considerably, but a section of an oocyst 
at this stage will resemble a section of a sponge; there are areas of cytoplasm 
which may or may not be connected with others by fine strands and bridges of 
cytoplasm (Plate IV, figs. 16 and 17). 
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When vacuolation is complete, the minute nuclei arrange themselves over the 
cytoplasmic surfaces withjn the oocyst. Opposite each a finger-like elevation of 
cytoplasm is formed, which increases in length, and into which the tiny nucleus 
passes. In this way there are formed hundreds of little sporozoites within the 
o3cyst. At first the sporozoites are attached to irregular cytoplasmic masses within 
the oocyst and are being formed at the expense of these cytoplasmic masses. Later, 
however, they break away from their attachments and form a tangled mass within 
the oocyst, which also contains one or more residual masses of cytoplasm containing 
all the hremozoin pigment within the oocyst. The sporozoites th~mselves are not 
pigmented (Plate IV, fig. 17). 

-The mature oocyst at this stage has a thin investing cyst wall, and contains 
hundreds of sporozoites within it. The sporozoites lie in tangled masses, and on 
focussing down on to tlie st~mach wall of an infected mosquito the oocysts are at 
first seen dimly, like glass globes. On further focussing, however, the oocyst is 
suddenly seen very clearly in optical section, the hundreds of sporozoites lying 
within it in bundles giving it a finely striated appearance, whilst any pigment present 
will also be seen in the residual mass or masses of cytoplasm (Fig. 6). The number 
of oocysts present on the stomach of any single mosquito varies with the number of 
gametocytes which it has ingested, and with ~b.e number present in the patient's 
blood on which the mosquito fed. Sometimes only 1 or 2 oocysts are present. Very 
commonly 10 to 20 are found, not infrequently some 30 to 40, very exceptionally a 
very large number. The number of sporozoites within a mature oocyst may vary 
from some hundreds to a thousand, and has been put down at as high a figure as 
10,000 by Grassi. The oocysts which develop from parasites ingested at one feed 
are all approximately at the same stage of development at one time. If, however, 
the mosquito feeds repeatedly, oocysts at various stages of development will be 
present simultaneously. 

The mature oocyst now ruptures outwards into the body cavity or hremocrele 
of the mosquito, liberating hundreds or thousands of free sporozoites. The sporo
zoitesare about 10 p. to 12 p. in length; (Wenyon 1926, p. 921 gives 15 p. as the average 
length, but the writer considers this figure as perhaps rather too large, although 
this is an impression merely) ; by about 1 p to 1! p. broad. They are sickle-shaped 
objects and they move (a) by forward progression in their own longitudinal axis; 
(b) by bending-tip to tail-and then straightening out; and (c) by waves of 
peristaltic contraction which pass along the body. There is nothing else in Nature 
which quite resembles the very characteristic movement of the sporozoites 
of the Plasmodiidre and Hremoproteidre ; it is a slow, unhesitating and continuous 
gliding, bending, deliberate, and never jerky progression (Plate IV, figs. 18 
and19). 

- Orice liberated into the body cavity of the mosquito, the sporozoites wander 
throughout the body and may be found in any organ of the mosquito, except the 
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ovaries. Thus Miihlens (1921) for the malarial parasites of man, and Mayer (1920) 
working with P. prmcox of birds have shewn that sporozoites may be encountered 
in masses in the aorta, between the muscle fibres, within the palps and scutellum, 
in the fat body, in the muscles of the wings, legs, neck and head-almost anywhere 
within the body of the mosquito except in the ovaries. The majority of the 
sporozoites, however, come in contact with the salivary glands, which occur at 
the anterior part of the body cavity.· Accumulating around the posterior ends of 
the trefoil-shaped salivary glands, they penetrate into the cells of the glands, 
where they may be found in enormous numbers embedded in the cytoplasm. 
As the saliva is secreted into the salivary duct, sporozoites pass with it, and 

Fro. 6.-Microscopic appearance of the midgut of an infocted .A~Aelu mosquito, shewing 
eeU structure and zygotes. (After Stephens and Christopher&, 1903.) 

are finally injected by the mosquito into man at its next feed (Plate IV, figs. 20 
and 21). 

Once the sporozoites are injected into man, they pass to the red blood corpuscles. 
Schaudinn (1902) by injecting malarial sporozoites into a small hrematoma and then 
withdrawing samples, studied the process of actual infection, and has left in the 
literature a. most theatrical picture of the entry of a. malarial sporozoite into a red 
blood corpuscle. The exact mechanism of adherence of the sporozoites to the 
red blood corpuscles certainly requires further study. Presumably, however, 
an injected sporozoite attaches itseU to a red blood corpuscle, becomes a. 
trophozoite, and this grows up into a. schizont. The patient is now infected, 
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and after an incubation period the degree of infection will rise above the febrile 
threshold, and he will develop malaria. 

In his experimental work on the development of P. prmcox in Culex fatigans 
in India, Ross noted that occasionally peculiar brown or black cysts were 
encolmtered on the stomachs of infected mosquitoes, the colour being due to 
certain dark bodies within the cysts (Fig. 7). Similar bodies were encountered 
by Grassi during his work on the development of the human malarial parasites 
in AMpheles mosquitoes. He noted that' the bodies within the cysts were either 
sausage-shaped, rounded, oval, or irregularly lobed. Various suggestions have 
been made as to the nature of these ' black spores.' It seems probable that 
they are the result of death and degeneration of t.he oocyst at various stages 
of its development. 

Such being the general outline- of the 
sporogony cycle of the malarial parasites, 
certain points with regard to the differ-
ent species remain to be noted (Fig. 8). In 
the oocysts of P. vivax the pigment is 
present in the form of fine wispy yellowish-
brown rodlets and grains, often arranged 
in a curved line instead of m an 
irregular clump. The oocysts of P. malarim 
shew dense blackish pigment in a coarse 
clump. The oocysts of P. Jalciparum look 
like glass globes; Fm. 7. Oocyst of malarial parasite they have a sharp, 
well-defined contour and the • black spores' in Anophele& on focussing, and are 
high 1 y refringent, maculipenni& after feeding on with considerable 
blackish hremozoin malarial cases; (After Wenyon, pigment, present in 

1926), P. vivax infection. 
the form of pepper- like grains. The per-
centage of gameto- cytes in P. falciparum 
is usually considerably higher than in P. vivax and P. malariw, and the stomachs 
of mosquitoes infected with P. Jalciparum may shew very numerous oocysts, 
.lying in contact with one another. 

Factors influencing the Sporogony Cycle. 

'fhe factors which influence the sporogony cycle of the malarial parasites of 
man in Anopheles mosquitoes have been the subject of much study, but even further 
study of them is required, since, in a complete knowledge of them may lie many 
secrets of malaria control. In this connection an important paper by S. P. James 
(1926) is one which should be read in the original by all workers on malaria. 

In the first place the cycle will only develop in mosquitoes of the genus Anopheles, 
and all attempts to experimentally infect Culex and Aedes mosquitoes have failed. 
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Further, it is only in certain species of Anopheles that development occurs under 
natural conditions. With regard to India, the most important transmitting species 
are: (a) A. culicifacies; found by Stephens and Christophers (1902) to have a 4 
per cent sporozoite rate-i.e., 4 per cent showed sporozoites in their salivary glands . 
-in an epidemic at :ft'lian Mir, ;and .an 8 per cent sporozoite rate in Ennur. 
(b) A.funestus; found to have from 3 per cent to 10 per cent sporozoite rate in 
different parts of Bombay. (c) .A. maculatus; found both in the plains and in 
the foot-hills and especially associated with malaria in all foot-hill areas. Also 
A. stephensi in town wells, A. ludlowi in brackish swamps, and A. willmori in the 
Himalayan foot-hills. A.. rossi constitutes a special difficulty. This species can 
be experimentally infected in the laboratory, yet numerous workers have failed to 
finil it infected in Nature. Gill (1925) suggests that it may carry P. vivaz 
infections, but not those with P. falciparum; on the other hand the majority of 

Q . . . 
I J 

FIG. 8.-Appearance in the fresh state of o~cysts of the 
mal&rial parasites. (After Stephens and Christo
pher&, 1903.) 

1. Oocyst of P.falciparum. 
2. Oo~yst of P. vi~XUJ. 
3. Oocyst of P. malarim. 
4. Oocyst of P. prmcoa: in Culu: mosquitoes. 

workers have found that where one species of Anopheles transmits one species of 
Plasmodium, it will successfully transmit all three species. 

Secondly, the question of ' dosage ' is probably most important in malarial 
transmission. Mitzmain (1917) shewed that only a small percentage of gametocytes 
of P. falciparum develop in the mosquito's stomach, the majority passing out in the 
freces. Hence, unless a certain number of gametocytes-a. figure provisionally placed 
at 12 per c.mm. of blood by Darling (1909)-are present in the patient's blood, 
the mosquito will not contract the infection. Further, James (1926) has carried 
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important. At the first two daily feeds only 40 per cent of mosquitoes took ; by 
the fifth daily feed the proportion increased to 70 per cent infected ; 100 per cent 
infection only occurred in mosquitoes which had been given seven daily feeds. 
Further, it is not so much the number of gametocytes present in the donor's blood, 
as some quality of ripeness or maturity of (he gametocytes that determines whether 
the mosquito will ' take ' or not. Some persons are ' good infectors •· of 
mosquitoes ; others are ' bad infectors.' 

The actual development of the sporogony cycle iu the mosquito is directly 
dependent upon temperature. The first · workers to d(ltermine this point were 
Grassi, Bignami and Bastianelli (1899a). They noted that neither P. vivax nor 
P. falciparum would develop in mosquitoes kept at a temperature of from 15"5°C. 
to 17·5°C. The minimum temperatures for continuous development were found 
to be 17"5°C. for P. vivax, 16·5°C. for P. malarire,_ and 18°C. for P. falciparum. 
Jancs6 (1904), Mitzma.in (1917) and Kiilg (1917) have further studied the subject. 
The question as to whether a mosquito, infected in the late autumn, and hibernating 
over the winter, can transmit the infection in the next spring, has often been dis
cassel ; the general trend of the evidence available is to shew that this can and 

·does occur. Thus Wenyon (1921) in Macedonia found that partially developed 
oocysts could be found in hibernating A. superpictus all through the winter. 
Mosquitoes were fed,on cases of f. falciparum infection and partial development 
permitted at 22°C. ·~Development was then completely arrested for 15 days by 
placing the mosquitoes at a temperature of~ 7°C. to 18"7°C. Twelve hours' exposure 
to 5"5°C. did not injure the oocysts; and in such mosquitoes subsequently exposed 
to favourable conditions the delayed. cycle developed. James (1926) found that 
temperature profoundly affected the sporogony cycle in the mosquito. The optimum 
temperature was 22°C. At 26°C. the development of the cycle in the mosquito 
was much more rapid, but there was a heavy mortality amongst the infected 
mosquitoes. Mortality was also high amongst mosquitoes which were not given 
at least one blood meal every_ 48 . hours.· At 22°C.. some 50 per cent of fed 
mosquitoes survived for a week to ten days. If, however, they were allowed to 
digest their blood meal at 22°C.; and then transferred to an ice chest at 4°C. 
to 6°C., . they would survive up to 21 months. One very remarkable mosquito 
was caught as an adult on August 5th, 1925. It was finally dissected on 
November 16th, 1925, and shewed active sporozoites in its salivary glands. 
Between these two dates it. had s.pent about three weeks in an incubator at 23°C. 
to 24°C., and about two and a hal£ months in an ice chest at from 4°C. to 6°C. 
The rest of its days were passed in rooms, hospitals, railway trains, cabs, etc., 
at ordinary air temperature of the time of the year. It was continuously 
infective from August 17th till November 16th, when it was finally chloroformed 
and dissecte~ and during this interval of time successfully infected more than 
40 mental patientS: with malaria. 
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In brief it is clear that infection may persist in mosquitoes which hibernate 
over the winter. Under such conditions the cycle is delayed, but not destroyed. 
With regard to optimum conditions Wenyon (1926, p. 960) gives the following 
figures; at from 18°C. to 25°C., P. vivaz requires about 15 to 17 days to complete 
its sporogony cycle and P. fakiparum about 19 days. 

Humidity does not appear to affect the cycle, so long as there is sufficient 
moisture in the air for the mosquitoes to survive. N~erous workers, such as 
Bruce Mayne (1920), Bastianelli and Bignami (1900), Gualdi and Martirano (1901), 
have noted that the gametocytes of P. fakiparum from a patient on full quinine 
treatment will still develop in the mosquito. This has been confirmed by Wen yon 
(1921), who found, howev:er, that under similar conditions P. vivaz only rarely 
developed. It appears that quinine affects the gametocytes of P. vivaz, but not 
those of P.fakiparum. 

As to how long a mosquito. once infected remains infective, there is considerable 
discussion. Given only a single feed on an infected person, it is clear that in the 
course of two to three weeks or so, all oocysts will either have matured or died off, 
and the salivary glands will gradually clear of the infection. Yet Mitzmain (1916) 
succeeded in infecting nine individuals in fourteen days from one mosquito infected 
with P. vivax; and James-as noted above-infected more than 40 individuals from 
one mosquito over a period of three months. If the mosquito obtains repeated 
feeds upon malarial blood, as will usually be the case in Nature, successive crops of 
oocysts will develop on its stomach wall, and successive swarms of sporozoites 
invade its salivary. glands. Bruce Mayne (1920, 1922) has .. carried out careful 
investigations on the retention of infectivity by the mosquito. On feeding 
A. punc.tipennis on a ca.se of malignant tertian malaria with crescents in the blood, 
he succeeded in transmitting the infection on the 55th day after the feed to a volun
teer, but not on the 67th day; the mosquito was dissected on the 68th day, when 
active sporozoites were found, however ; in a· second experiment the mosquito 
failed to transmit at the 74th day, but sluggish sporozoites were found in the !)alivary 
glands some days later. 

Turning to the other end of the cycl~, it is obvious that the mosquito must 
inject a c~rtain' dose ' of sporozoites into a man before the latter contracts malaria. 
Even in weakly individuals it is probable that a small injected' dose • of sporozoites 
would be killed off and that infection would not result. There are numerous records 
in the literature on the treatment of general paralysis by induced malaria where 
infective mosquitoes have failed to infect the patients on whom they have been fed. 
These results have been criticised by James (1926), however, who found that in 
several such instances, the technique merely was at fault. Of 145 mental patients 
upon whom he fed infected mosquitoes, only 36 failed to contract the infection ; 
and these failures all occurred with one batch of mosquitoes which failed to attain 
an infection rate of 100 per cent. He concludes that there are certain persons whose 
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blood is ' inhospitable ' to the' malarial parasite, and that a bio-chemical study of 
the conditions present in such persons is urgently needed. 

Super-infection has been noted by several workers. The brothers Sergent 
(1907), and Whitmore (1918) working with proteosoma have noted that a 
sparrow suffering from a proteosoma infection due to the bite of mosquito A, equid 
be successfully super-infected by the bite of infective mosquito B. ' One attack of 
malaria,' writes James (1926)-' induced either by blood inoculation or by mosquito 
bites-due to a strain of P. vivax does not confer immunity against a second infection 
with the same strain/ What usually happens in a hyper-endemic area is repeated 
infections until finally the patient acquires a certain measure of tolerance to the 
parasites-rather than any real immunity due to the development of immune 
bodies in the blood, or similar cause. A very striking and informative study of such 
conditions is that given by Christophers (1925) for the mining settlements in Singh
bhum. During the first two years of life, the children born in this hyper-endemic 
area suffer from continuous, febrile malarial infestation, with an average parasite 
count of more than 10,000 parasites per c. mm. of blood. In children aged 2 to 
5 years the proportion infected is still as high as ever, l;mt the parasite count has 
fallen to an average of only 1,200 parasites per c. mm. of blood, and febrile attacks 
only occur about once in every 25 days. During the age period 6 to 10 years, 
100 per cent of the children still shew infection, but the parasite counts are under 
1,000 per c. mm., fever does not occur, and the condition present is one of afebrile 
infestation.· In adults 50 per . cent still shewed malarial infection on blood 
examination, but. the spleen rate had dropped to io per cent, and these adults 
have to a large extent acquired full tolerance for the parasite. 

The latent period of incubation of _malaria in the person bitten by an infected 
mosquito will depend upon several factors; the dose of sporozoites injected, the 
species of parasite concerned, th~ p~tient's powers of resistance, and so forth. 
Approximately the incubation periods are from 14 to 18 days in P. vivax infections, 
18 to 21 days in P. malariw and 9 to 12 days in P.falciparum. 

Malaria. Miscellanea. 

The !Etiology of Relapses.-In 1902 Schaudinn had under observation at 
Hamburg a Jewess who suffered from chronic relapsing malaria, due to infection 
with P. vivax. On studying blood films taken from this patient just prior to a 
relapse, he came across certain puzzling appearances in some of the infected red 
corpuscles. These he interpreted as being macrogametocytes, which were producing 
merozoites. He concluded that the macrogametocyte of P. vivax has a very 
prolonged life in the blood, that ,it may persist for months or years unaffected; 
and that, if the patient's resistance be lowered from chill or other cause, such 
macrogametocytes give . rise to merozoites by a process of parthenogenesis. 
These merozoites invade fresh red corpuscles, grow up into schizontil, the 
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asexual schizogony cycle becomes re-established, and the patient suffers from a 
relapse (Fig. 9). 

Now parthenogenesis-i.e., the production of offspring by an unfertilised 
female parent-is a well-established fact in Nature. It has been shewn 
to occur among such insects as the saw fly, and the aphidre on rose trees. 
In the case of the latter, males only appear in the autumn. These mate 

Fro. 9.-Tracings from Schaudinn's figures shewing ' parthenogenesis' in the macrogametocytt> 
of Plasmodium vivax, as the cause of relapses in malaria. (From J. D. Thomson, 1917, after 
fkhatulinn, 1902.) 

with the females, and the latter lay fertilised eggs, which remain on the 
plant throughout the winter, and hatch in the spring into females (only). 
From these females brood after brood of young are born during the summer 
by parthenogenesis, the males only appearing again in the autumn. Further, 
Loeb and others have shewn that the unfertilised egg of the sea-urchin and 
of the frog can be maJe to develop by the application to them of suitable 
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physical or chemical stimuli; and frogs have been reared from unfertilised eggs 
in many laboratories. 

There is therefore no inherent reason why parthenogenesis should not occur 
among· the Protozoa. Indeed amphimixis-i.e., nuclear re-organisation-among 
the Ciliophora ; and autogamy-fusion of nuclei within the same individual-which 
is said to occur in the cysts of many free-living Rhizopoda-may be interpreted as 
possible examples of it. And Schaudinn so dominated the protozoology of his day 
that hjs explanation of the causation of malarial relapses was immediately accepted 
by almost all workers, and made its way into the text-books. 

A little reasoning, however, will shew that Schauclinn's interpretatiOn cannot 
possibly be accepted. Thus:- · -

(a) In all known instances of parthenogenesis the unfertilised egg develops 
in a similar manner to the fertilised egg. The progeny of a parthenogenetic macro
gametocyte should therefore be-not the merozoites of the asexual schizogony 
cycle -but the sporozoites of the sporogony cycle. The process described by 
Schaudinn, therefore, is not parthenogenesis at all. 

(b) The gametocytes are not long-lived at all; if not ingested by the mosquito, 
they probably do not survive for more than 8 or 9 days at most in the blood. 

(c) The appearances noted by Schaudinn can be interpreted in an entirely 
different manner. 

This was first shewn by J.D. Thomson (1917) in a striking paper illustrated 
with a very fine plate, and bearing the very modest title' Notes on Malaria.' It 
is not uncommon in infections with P. vivax for two young trophozoites to enter 
into the same red blood corpuscle. Now a trophozoite is destined to develop either 
into a schizont or into a gametocyte. Hence, as these two parasites mature, we may 
encounter within the same erythrocyte such combinations as (a) schizont plus 
schizont; (b) gametocyte plus gametocyte; or (c) gametocyte plus schizont. It 
was the combination of macrogametocyte plus schizont within the same erythrocyte 
that was mistaken by Schaudinn for parthenogenesis ; and if such forms be carefully 
examined the thin line of cleavage between macrogametocyte and schizont will be 
seen. Such forms are illustrated in Figs. 29, 30, 31 of Plate I, also in text Fig. 10. 
Since the publication of Thomson's paper, almost every worker of experience 
has accepted his interpretation. The parthenogenesis hypothesis with regard to 
malarial relapses is now as dead as mutton, alt.hough it is still enshrined in many 
text-books. 

To what, then, are relapses due 1 There have been all sorts of suggestions, 
such as the production of special and resistant forms; the suggestion that some of the 
parasites may retreat into areas in the blood stream where they are not exposed to 
the destructive influences of the body, or that they may have an intra-cellular phase 
within endothelial cells ; and several other suggestions. To the writer, all such 
suggestions appear to be entirely unnecessary ; since relapses can be very simply 
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explained by a persistence of the schizogony cycle as a low grade afebrile infesta
tion. 

A little reasoning will make this clear. The parasite of benign tertian malaria 
is the one especially associated with relapses in malaria ; and it is to be noted that 
it tends to produce fewer, and not more numerous, gametocytes in proportion to the 
total number of parasites present. Now there must be a certain number of para
sites present in a patient's blood stream before fever can occur; in other words, 
there is a febrile threshold in malaria. After a person has been bitten by an infected 
mosquito, the injected sporozoites become trophozoites and then schizonts. Every 
48 hours a fresh cycle of schizogony occurs, and the number of parasites is rapidly 
multiplying. Finally they become so numerous that their numbers rise above the 
febrile threshold ; fever occurs_ and the patient has his first rigor. 

Fm. 10.-The combination uf gametocyte plua schizont within the same erythrocyte in 
infections with Plasmodium vi t'OX. (After J . D. Thomson, 1917.) 

The febrile threshold will be influenced by such factors as the patient's powers 
of resistance, general state of health, condition of his blood, and so on, but the rough 
estimates gi,•en by Ross and Thomson (1910) may be accepted; that in the case 
of P. vivax infections from 200 to 500 parasites must be present per c. mm. of 
blood to produce fever ; and in the case of P. Jalciparum infections, from 600 to 
1,500 per c. mm. In the case of P. t•ivax we may take the lower reading of 
:!00 parasites per c. mm. as the threshold value ; then, since the total volume of 
blood in a healthy atlult is about 5 litres, or 5,000,000 c. mm., in order to produce 
fever 200 X 5,000,000 or I ,000,000,000 (one t housaud million) 11a.rasites must be 
present in the patient's blood stream. 

Suppose that a single sporozoite, injected by the mosquito, becomes a schizont 
with, let us say, 20 merozoites; and that the multiplication cycle goes on nncheckeJ 
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by any oU:tside influence, then'the total number of parasites present in the patients' 
blood stream will be as follows :-

On the 2nd day after infection 
On the 4th day 
On the 6th day _ 

and so on, until it is 
On the 12th day · 

20 
400 

8,000 

64,000,000 

This dose is not sufficient to produce fever ; but at the next schizogony cycle, 
on the 14th day, the total number of parasites in the body will be 1,280,000,000 ; 
this is above the febrile threshold, and accordingly the patient goes down with 
fever. 

Suppose, however, that the multiplication still proceeds unchecked. By the 
20th day the total number of parasites should have reached 102,400,000,000,000 ; 
this would correspond to 20,480,000 parasites per c. mm. of blood. Such an 
infection is utterly impossible, and the patient should be dead. 

But he is not. The tendency, even in untreated cases of P. vivax infections, 
is for spontaneous recovery to gradually come about, to be followed by a more or 
less prolonged afebrile period, and then by a relapse. It is obvious, therefore, that 
there must occur a tremendous and continuous destruction of malarial parasites 
in the infected person. 

This destruction of parasites is probably brought about in several different 
ways. When the mature schizont rosette ruptures, its hremozoin pigment is liberated 
and is phagocytosed by the macrophages throughout the blood stream ; i.e., by the 
large mononuclear leucocytes and by t.he endothelial cells of the blood capillaries. 
The liberated merozoites-or possibly the remains of the destroyed red corpuscle
act as does an intravenous injection of a foreign protein, and the patient has a rigor 

-which is the result of protein-shock. The liberated merozoites make for the surface 
of fresh red corpuscles. According to Yorke and Mac1ie (1924) death of a certain 
proportion of the merozoites-whether due to quinine treatment, or to the natural 
powers of the patient-results in these dead merozoites acting as an antigen ; this 
antigen stimulates the formation of the immune body on the part of the patient, 
and the immune body-if present in sufficient amount-destroys the remaining 
parasites, thus clearing the patient of infection. Interesting as such a hypothesis 
is, it remains at present a hypothesis only, and the evidence which these authors 
bring forward in its favour is all indirect. 

McLay (1922) working with cultures of P. falciparum noted a tendency for 
red corpuscles infected with this parasite to adhere to the large mononuclear cells 
in preference to any other type of cell, whilst Wenyon (1926, Plate XIV) figures 
actual ingestion of malarial parasites by endothelial cells in the spleen ; D. Thomson 
(1914) has a similar coloured illustration ; and to some extent it is probable that 
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actual phagocytosis of malarial parasites by macrophages and endothelial cei111 is 
responsible for the destruction of malarial parasites. A study of spleen punct~re 
findings in chronic and relapsing cases of malaria by Knowles, Acton and Das Gupta 
(1923); however, gave different findings. It would seem as if such parasites as fail 
to get a grip on the red corpuscles are swept off their surface into the blood stream, 
and are caught up in the intercellular meshwork of the spleen (and probably of 
other internal viscera). Here they simply go to pieces; the chromatin breaks 
up by karyorrhexis or swells up and dissolves by karyolysis ; the cytoplasm becomes 
progressively vacuolated and disintegrates ; finally there ,is left nothing except 
little sheets of residual parasitic cytoplasm, filled with pigment; lying between the 
cells of the splenic tissue, where the pigment is finally phagocytosed by the endo
thelial cells. In chronic and relapsing malaria the spleen appears to function as 
the_ grave rather than as the birthplace of malarial parasites. . 

In one way or another-probably in a variety of ways-the patient's natnral 
powers of resistance reduce the infection. · The production of gametocytes will be a 
still further factor in reducing the total infection, since the gametocytes are non-. 
multiplying forms in man. In other words gametocyte production will act as a 
brake on the multiplicative cycle. Let us suppose that, at each 48-hour schizogony 
cycle, 50 per cent of the parasites are destroyed or are replaced by non-multiplying 
gametocyte -forms. Then, taking the above mentioned figure of 1,280,000,000 
parasites as present in the body when the patient has his first rigor on the 14th day 
after infection by the mosquito, let us suppose that half of these parasites are des
troyed ; the remaiD.ing 640,000,000 parasites will produce 12,800,000,000 parasites 
within the next 48 hours, and the fever will continue. A 50 per cent destruction 
rate, in other words, will not be sufficient to check the fever. But suppose the 
destruction rate to be, let us say, 97 per cent. Then of the 1,280,000,000 parasites 
present at the first rigor, only 3 per cent, or 48,400,000 will survive to undergo 
schizogony ; their progeny will number 968,000,0~0 at the end "Of the next 
48 hours. This figure is under the febrile threshold of 1,000,000,000 defined 
above; in other words the infection will now not be heavy enough to cause 
fever.' 

If the powers of the body to destroy parasites are su~h, therefore, that the 
infection is scotched but not exterminated, we may picture a state of affairs in which 
schizogony persists for very long periods, but at a very low level of total number 
of parasites in the patient's blood stream. Parasites will not be found in thin 
films of the peripheral blood-except very occasionally-but they are found in thick 
blood films taken from such patients during the afebrile period between relapses. 
If, now, for any cause-such as chill or other factor which lowers resistance, the 
patient's powers of destroying parasites are reduced, the schizogony cycle flares up, 
the total number of parasites rises above the febrile threshold, and the patient 
has a relapse. 

d 
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. Such-in the writer's ophrlon, at least-is the true explanation of malarial 
relapses. It is the explanation of them which has been put forward.by Bignami, 
Sir Ronald Ross, James, and others. Whitmore (1918) studying P. prcecox 
infection of birds, shewed that although parasites could only rarely be found in thin 
blood films up to the 4th to 5th month after infection, yet the birds' blood remained 
infective to clean birds by direct inoculation for a very much longer period-in one 
instance up to 29 months after infection; and further, that as long as parasites 
were found at all microscopically, the schizogony forms seen were true to type. 

A patient once infected with P. vivax may remain infected for many years. 
The writer, when a child of four, travelled from Travancore to England in 1887, 
heavily infected with malaria, and repeatedly suffered from attacks of malaria in 
England up to the age of 16. (Blood examinations were not made, but the attacks 
were typical of ague, and were in each instance controlled by quinine administration.) 
Coming out to India in 1908, he remajned free from malaria, until he contracted an 
infection with P. vivax at Shillong in 1917 ; this caused relapse after relapse between 
the years 1917 and 1920. The last attack occurred within a few hours of reaching 
Simla in the autumn of 1920, and was undoubtedly brought on by the effects of 
cold. It was countered by taking 90 grains of quinine in solution within 24 hours, 
followed by _leave to England in 1921, and no further relapses have since occurred. 
This history is of interest in shewing that any' immunity' to malaria which may be 
acquired in childhood may not be of a very persistent character. S. P. James (1922) 
gives the history of a patient who arrived in England from Palestine in February 
1917, heavily infected with P. vivax; he had a typical relapse with parasites present 
in blood films in January 1920. He remarks, however, 'beyond three years. the 
occurrence of a true relapse is a rare event which always merits careful study.' . 

AnimaZ Inoculations in Malaria. 
The malarial parasites·of man are very strictly specific to man. Very numerous 

attempts have been made by different workers to infect hosts other than man experi
mentally, but only in one instance with success. Bass (1922) points out that horses, 
mules, dogs, foxes, monkeys, rabbits, mice, guinea-pigs, hedgehogs, bats, wolves, 
cats, pigeons, doves, magpies, screech-owls, turtles, frogs and lizards have all been 
inoculated with human blood containing malarial parasites, without infections result
ing, and records further negative experiments by himself. Mesnil and Roubaud, 
(1920) after a preliminary series of failures, succeded in producing a mild infection 
with P. vivax in a chimpanzee by intravenous inoculation of infected human blood ; 
the infection appeared on the lOth" day, and lasted for a similar period; a second 
chimpanzee inoculated in a similar manner did not become infected. Reichenow 
(1917, 1920) discovered malar:ial parasites resembling those of human type in 
anthropoid apes in West Africa, and produced some evidence that it was only in 
those apes that were kept in association with man that the infections occurred. 
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Blacklock anl Adler (1922, 1924), who studied the parasites of chimpanzees, failed 
to infect human beings by inoculating them with blood from an infected ape, and also 
failed to infect a young chimpanzee with P. Jalciparum. Direct inoculation of 
infected blood from man to man, however, readily produces infection, and this 
method of inducing malaria is now a standard method of treatment . of general 
paralysis of the insane. Wenyon (1926, p. 955) records a very interesting 
instance where a salvarsan apparatus became infected with malarial blood from 
the first of a series of eleven patients to whom the drug was administered from 
the same apparatus in series. The ten suQceeding patients1became::_infected, 
and one of them died of malaria. 

The Nature 'of the Malarial Rigor. 

The views at one time entertained that • toxins' are produced by the malarial 
parasites are to-day practically abandoned. ·It is true that the anremia. of malaria. 
is more profound than can be accounted for by the number of red corpuscles des
troyed by the parasites ; and many workers have suggested that the malarial para
sites produce a hremolysin. Abrami and Senevet (1919), however, have shewn that 
the malarial rigor is in all probability of the nature of an anaphylactic or • bremo
clastic' shock. They give the term • hremoclasis' to the phenomena resulting 
from inoculation of foreign proteide into the blood stream, these phenomena being 
chiefly lowered arterial tension, leucoprenia, an alteration in the differential leuco
cyte count, a diminution in the number of red cells and changes in the coagulability 
of the blood. They·have shewn that the paroxysms in benign tertian malaria are 
preceded by a hremoclastic crisis, and regard the chill, the vomiting, the headache, 
backache and other symptoms of the cold stage of the malarial paroxysm as mani
festations of this hremoclastic shock. In all probability either the liberated 
showers of merozoites--or possibly the products of the destroyed • red blood 
corpuscles-act as does a foreign proteid injected into the blood stream. 

Congenital Malaria. 

As has been noted above, Miihlens, on cutting sections of infected anopheline 
mosquitoes, found sporozoites in every tissue of the mosquito except the ovaries ;.. 
and there is no evidence that malarial infection can be transmitted from the mosquito 
to its progeny. On the other hand, there are now numerous cases in the literature 
where malaria has been transmitted from an infected mother to her child. One 
of the most striking instances is that recently recorded by Buckingham (1925). 
A Chinese mother who was in labour was suffering from malaria. The presentation 
was a transverse one, and the hand of the fretus prolapsed. It was cleansed, and 
pricktJd and a blood film made from the child's blood, before version was performed 
and the child extracted. Films from the child's blood, taken before birth, shewed 
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malarial parasites. The instances in the literature are now too numerous to 
overlook, and it must be admitted that congenital malaiia does sometimes occur. 
Thus Heiser records the case of an infant seven days old which shewed the gameto
cytes of P.falciparum in its blood; as crescents are practically never found before 
the 8th day of the infection, this child must almost certainly have been infected 
in utero. 

On the other hand congenital malaria is very exceptional, and probably only 
occurs when accidental tears of the placenta allow the passage of parasites from the 
maternal to the fretal circulation. The true state of affairs in the malaria of 
pregnancy has been set forth in a very mteresting paper, illustrated with a very fine 
colour plate, by Blacklock and Gordon (1925). These workers discovered that in 
Sierra Leone about 36 per cent of native women are infected with malaria, all 
infections found being due toP. falciparum. Parasites were very scanty in peri
pheral blood films, and these women do not constitute a danger to the community 
a.s far as the spread of malaria is concerned. In pregnant women, however, intense 
infection occurs in the placenta, the blood vessels of which are filled with sporulating 
parasites and its endothelial cells loaded with pigment. Pathological effects on the 
mother may be lacking, and some of the children born from such mothers appear to 
be healthy. On the other hand the enormous destruction of red blood corpuscles 
by the parasites in the placental circulation may deprive the fretus of nourishment, 
or toxins absorbed from the intensely infected placenta may poison the fretus, and 
severe destruction of the erythrocytes may occur in the umbilical cord in spite of the 
absence of congenital malaria. The result is that the fretus dies in utero and is 
expelled. · 

In medical practice in the tropics the importance of childbirth in waking up a 
latent malarial infection in the mother is very great, whilst surgical operations 
may also cause a recrudescence of a latent malarial infection. It is equally bad 
to mistake puerperal fever due to sepsis for malaria, and to mistake malaria after 
childbirth for puerperal sepsis. Microscopical examination of the patient's 
blood will usually at once shew which infection is present. 

Cultivation of the Malarial Parasites. 

Bass and Johns (1912) were the first to succeed in cultivating the malarial 
parasites of man. A modification of their method which the writer has found to be 
veryunif!)rmly successful was introduced by J. G. Thomson and D. Thomson (1913); 
details. are given on p. 85. Amongst others Ziemann (1913, 1914), Rocha
Lima and Werner (1913), and McLay (1922) have succeeded in cultivating malarial 
parasite2. At the Calcutta School of Tropical Medicine culture is resorted to as a 

. rule only when it is likely.that the patient has malaria, but where parasites cannot be 
detected in thin or thick films. In such cases the cultural tedt is a very valuable 
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one. It is not often required however. The schizogony cycle of P. falciparum 
can be readily studied in cultures. It is difficult to keep strains going by sub-culture, 

· however, and the hope which was once entertained that the successful cultivation 
of malarial parasites in vitro would afford a means of indefinitely maintaining these 
parasites in vitro outside the body has not been realised. 

McLay notes that it is difficult, if not impossible, to obtain successful cultures . 
from patients who have taken quinine. Indeed, the taking of a little quinine by the 
patient is one of the greatest difficulties encountered in the laboratory_ diagnosis of 
malaria in the tropics. The ordinary intelligent European or Indian patient in the 
tropics who gets a chill and thinks that he is going to develop malaria usually takes 
a dose of 5 grains or so of quinine before sending for his medical attendant. This 
dose is sufficient to render search-of thin films for parasites almost hopeless ; and in 
such cases thick films should be taken. 

Sinton (1922) has invented a most ingenious- modification of Wright's 
capillary blood tube in which the whole process of culture of the malarial 
parasites can be carried out from the finger blood. He advocates incubation 
at from 35°C. to 38°C (vide p. 86). 

Blackwater Fever. 

We may perhaps at this point briefly consider the question of the retiology of 
blackwater fever. Despite the researches of almost innumerable workers, the whole 
question of the retiology of blackwater fever is still obscure. In India. blackwater 
fever occurs especially in the Dooars, Assam and Bengal, whilst it has recently 
proved a veritable curse in connection with the doubling of the main line of the 
Bengal-Nagpur Railway in the Singhbhum.District of Bihar, where the new railway 
construction runs through an intensely malarious zone. Its chief home, however, 
is in tropical Africa ; it was prevalent during the construction of the Panama Canal, 
but has since disappeared from the Canal Zone with the introduction of anti-malarial 
measures. 

The actual condition present in the disease is a tremendous destruction of red 
blo~d corpuscles and hremoglobinremia, with consequent hremoglobinuria, urobilin
uria and albuminuria. It occurs usually-but not invariably-only in those who 
have resided for a long time in the tropics. Jaundice sets in early and is intense, 
together with a very marked destruction of red corpuscles-the nul.Llber of which 
may be reduced by as much as 2,000,000 per c. mm. in two days. 'l'he reduction 
of hremoglobin runs parallel with that of the red corpuscles. . The urine shews 
spectroscopically the absorption bands of · methremoglobin, or more rarely of 
oxyhremoglobin. The blood coagulability, alkalinity, and its pH are reduced. 
Schlesinger's test for urobilinogen in the urine is positive ; and occasionally 
ha:matoHiu crystals may be found in the urinary deposit. · 
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A good review of the whole subject, together with a good bibliography is that 
given by Warrington Yorke {1922). In the main one may say that there are four 
different views prevalent as to its causation. These are as follows :-

{1) That it is due to a specific parasite, as yet undiscovered. The symptoms 
of blach.-water fever in man are very strikingly similar to those of acute piroplasmosis 
in animals. If blackwater fever is an instance of piroplasmosis, however, it is 
strange that the innumerable workers who have studied the disease have never 
been able to demonstrate the piroplasma. Leishman {1912) found certain cell
inclusions in the cytoplasm of endothelial cells fmmd free in the blood stream in 
cases of blackwater fever ; he came to the conclusion that they might possibly 

F1a. 11.-Cell inclusions in the cytoplasm of endothelial oells in blackwater fever. (After 
Leishman, 1912.) 

be of parasitic origin {Fig. 11). On the other hand the endothelial cells and large 
mononuclear leucocytes may shew marked karyorrhexis and even karyolysis in 
blackwater fever, and it is not likely that the forms seen by J,eiRhman are parasites 
at all; they are probably .nuclear remnants due to karyorrhexis of endothelial 
cells poisoned by the toxins of the disease. Blanchard and Lefrou {1922) state 
that by triple centrifugalization of the blood in three cases of blackwater fever 
they isolated a spirochrete of leptospira form, and that it was inoculable into 
guinea-pigs. J. G. Thomson {1924) in Rhodesia and Low and Dtmcan {1923) in 
London were entirely unable to confirm these findings in cases of blackwater fever, 
and it seems probable that the ' spirochrotes ' seen were leptospira-like artefacts. 
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It is quite possible that blackwater fever may be due to a specific micro
organism, but, if so, that organism has yet to be demonstrated. 

(2) A second view is that the disease is nothing more or less than hyper-virulent 
malignant tertian malaria.. Stephens {1913) has examined the parasitic findings 
recorded in the literature on blackwater fever. Malarial parasites were found in 
blood films from patients in 73 per cent of cases examined the day before the onset 
of blackwater fever ; in 47·5 per cent on the day of onset of the fever ; and in 23 
per cent on the day after onset of the fever. Occasionally infections with P. vivaz 
and P. malaria! have been encountered in such patients, but J. G. Thomson (1924) 
claims that in all instances the infection is with P. Jalciparum, and that when 
P. vivax or P. malarim is encountered, further search of films will shew a mixed 
infection with P. Jalciparum also. It is obvious that the parasites are destroyed 
in the blood stream in blackwater fever almost as rapidly as are the red corpuscles. 
Even when P. vivax or P. malaria! is found, very aberrant and clearly degenerating 
parasite forms may be encountered. 

A very fine memoir, with a complete bibliography, on the association of black
water fever and P. Jalciparum infection is that by J. G. Thomson (1924), and it 
should be studied in the original by all interested in the blackwater fever problem. 
In Rhodesia, over the period 1913-1922 inclusive, graphs for (a) hospital admis
sions for malaria, and {b) for hospital admissions for blackwater fever shew a most 
striking similarity and the seasonal incidence of the two diseases absolutely 
coincides (Fig. 12). ' The whole evidence of my researches,' writes Thomson, 
• incriminates repea1ied infections with P. Jalciparum. No definite incubation 
period can be detected in the onset of hoomoglobinuria, which indicates that the 
condition is not directly due to the action of the malarial parasite or any other 
organism, but is to be considered as a reaction of the body to a prolonged 
infection.' 

(3) Still a third view is that blackwater fever is quinine hoomoglobinuria, 
occurring in persons especially susceptible to quinine poisoning. Quinine 
normally c.irculates in the blood as quinine base, no matter in what form it be 
administered. But if the alkali reserve of the body be unduly lowered, quinine 
might possibly circulate as an acid salt in the blood and cause hoomolysis of the 
red corpuscles. · 

{4) The most usually held view is that blackwater fever is due to P.Jalciparum 
infection plus quinine poisoning in certain susceptible persons. Thus two typical 
cases were seen by the writer at Shillong, both of whom gave an identical history. 
One was the wife of a tea planter in Assam, the other a tea planter who had long been 
resident in Assam. Both were habituated, so to speak, to malaria.. On commencing 
the long, cold motor drive from Gauhati to Shillong they felt chilly, took a dose of 
quinine, and arrived at Shillong-altitude 6,000 feet-suffering from blackwater 
fever. On the other hand a third-fatal-case seen by the writer in Shillong was a 
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Khasi prisoner in the jail, who had been taking a weekly prophylactic dose of 
quinine, but with no clear history of previous malaria. 

SOUTHERN RHODESIA. 

- Hosp1tal Admissions, Malaria and Blackwater, /9/J-1922 (inclusrfe). 
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{After J. G. Thomson. 1924.} 

Flo. 12. 

Between these VIews It is at present impossible to judge. The argument that 
blackwater fever only occurs in intensely malarious districts, and that therefore 
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the disease must be a form of malaria, is a very weak one. Exactly the same argu~ 
ment was once used to support the view that kala-azar was a type of malaria, prior 
to the discovery of Leishmania donovani. At present the only possible attitude is to 
preserve an open mind with regard to the causation of the disease. A very large 
volume of biochemical investigation has been carried out on it, but scarcely perhaps 
sufficient from the possible parasitological side. 

Plrumodia of H08t8 other than Man (Fig. 13). 

Excellent practice, and tho possibility of very interesting researches, is obtainable by the 
study of the blood parasites of hosts other than man. In many such, birds and snakes especially, 
these are far more common in the peripheral blood than Pla8modia in the human subject, whilst 
nucleated red blood corpuscles are far more resistant to bad fixation and give the beginner better 
results than mammalian corpuscles • 

. The genus Pla&rMtUv.m is a very widespread one, and includes parasites of many hosts other 
than man. ·Thus monkeys are frequently parasitised by plasmodia. Koch (1898) was the first to 
observe a monkey plasmodium in various species of Cgrux;ephalv.a, Cercopithtll:v.a, · and Cercoeebv.a 
monkeys. As shewn by Blanchard and Langeron (1913} the natural malarial infections of monkeys 
are apt to prove very fatal to these animals ; thus they found an imported M acacru CgnorMlogv.a in 
Paris to be naturally infected, and from it infected two other monkeys of the· same species. One 
died from an acute infection, the other acquiring a chronic one. Just as in man, so in monkeys, 
their natural malarial infections may be very acute, or may become chronic. 

Of the different monkey species deecribed P. reichenowl (Sluiter, Swellengrebel and lhle, 
1922} occurs in anthropoid ape~specially, as shewn by Reichenow (1920} in anthropoid apes in 
close aBBOciation with man. Apparently two and not one species are concerned, for forms resembling 
P. 11i11az and P.fakiparv.m of man have been described from chimpanzees and gorillas. Blacklock 
and Adler (1922, 1924} have studied the malarial parasites of the chimpanzee in WestAfrica,·and 
have published excellent 4escriptions of them. P. kochi (Laver&n, 1899) is very common in monkeys 
of the genera Cercopithtll:t£8, Cgnocephalv.a and Cercoeebv.a in tropical Africa; in many ways it resembles 
P. 11it11JZ of man, but Gonder and Rodenwaldt (1910} record two unsuccessful attempts to transmit 
the infection from the monkey to man. Quinine bad a definite action in controlling the infections. 
P. inv.i Halberstadter and Prowazek, 1907, occurs in Macacv.a monkeys and also resembles P. 11i11a:r: of 
man, but small ring forms resembling those of P.fakiparv.m also occur. P. cynomolgi Mayer, 1908, is 
probably identical with P. inv.i. P. 11emnopithtll:i Knowles,l919, occurs in the hanuman ape of Assam, 
Semnopithtll:v.a entellv.a ; the infection is associated with enlargement of the red corpuscles, and the 
paras1te in many ways resembles P. lli!la:r: of man, but is deeply pigmented. P. pithlll:i Halberstadter 
and Prowazek, 1907, occurs in the orang-outang, and Dodd ( 1913) recor<W an infection with it which 
proved fatal ; this parasite is transmissible to the orang-outang, but not to the lower monkeys. 
P. brasilianttm Gonder and Berenberg-Gossler, 1908, occurred in a monkey imported from the Amazon 
to Hamburg, and resembles P. malaria~. P. rov.batuli Leger and Bedior, 1921, was found in the 
gorilla in Senegal. With regard to transmission of these monkey plasmodia very little work has 
been done, though Mayer (1908) failed to obtain development of P. tnv.t in Cttkz pipien11, but 
saw what he took to be small oocysts in .Anophelu macv.lipennia. 

Bats and other small mammals frequently shew plasmodial infections; and here a special difficulty 
arises, since deeply staining basophile red corpuscles and stippled corpuscles are a striking feature 
of the blood of bats, and such corpuscles may be mistaken for parasite forms. P. mv.rinv.m (Dionisi, 
1899) occurs in the bat genua Vupertilio, whilst P. melanipherv.m (Dionisi, 1899} also occurs in bats, 
and both species rather resemble P. malarial of man. P. brodeni Rodhain, Bequert, Pons and 
Vandenbranden,l913, was found in the Congo in the jumping rat, Petrodromv.atelradactyltU. A similar 
parasite was described by Rodhain (1915} from the flying fox in the same region. P. pteropi Breinl, 
1912, rather resembles P. 11i11az and was found in tho flying fox, PteropiU gottldi. by Breinl in West 



ExPLANATION Oll' FIG. 13. 

Plasmodia of Hosts other than Man. (From Wenyon, 1926, after various authors.) 
1-4. Plaamodium prtUoz .from the blood of a Bagdad sparrow. 
5-7. Plasmodium of the chimpanzee, described by Reichenow (1917) as P. Jalciparu• 

. and named P. reichenowi. 
8-10. Plasmodium of the chimpanzee, described by Reichenow (1917) as P. malarire. 

11-12. Plaamodium kocki of Oercopitkecu& monkeys. 
13-14. Plaamodium pitkeci of the orang-outang. 
15---16. Plaamodium bubalis of the Indian buffalo. 
17-18. Plaamodium tJaBBali of the squirreL 
19-21. Plaamodium mvrinum of bats. 
22-26. Plaamodium agamre of a Sudan lizard. 
27-29. Plaamodium mabuire of the necklace lizard. 
(Plate reproduced in black and white from Wenyon's coloured plate.) 



' I(J 

FIG. 13. 



60 MALARIA: ITS INVESTIGATION AND CONTROL. 

Australia and by Mackie (1914) in India. P. ?Jassali (Laveran, 1905) is a plasmodium of squirrels; 
it was found by Vassal in squirrels of the genus 8eiurua, and resembles P. malaria~; a similar and 
possibly identical plasmodium was described by Donovan (1920) in the Indian squirrel, Ratufa 
indica. 

Of the plasmodia of large mammals, P. eephalophi Bruce, Harvey, Hamerton and Lady Bruce 
(1913) was discovered in the duiker in Nyasaland by the Royal Society's Sleeping Sickness Commission. 
It shewed resemblances to P. malaria~, but the infected red corpuscle is markedly enlarged and palo. 
Sheather (1919) has given an account of an infection in the Indian buffalo and named the parasite 
P. bubalis. This parasite resembles P. malaria~, and the same parasite has again been seeJ;J. in Indian 
buff~loes by Edwards (1925). P. eaprre (de Mello and Paes, 1923) occurs in goats in Angola and was 
further studied by Pae3 (1924). Wenyon (1926, p. 976) remarks that it is a little doubtful whether this 
form is a plasmodium or a piroplasma. P. canis Castellani and Chalmers, 1910, is described as a 
plasmodium of dogs in Colombo, and morphologically identical with P. vivaxof man; but other 
observers have failed to re-discover this parasite, and Wenyon (1926, p. 976) notes that although he 
examined blood film3 from 500 pariah dogs in Colombo-he failed to find P. canis in any of them. 

The plasmodial of birds have been very extensively studied by many workers, and over many 
years. The co~mon ' proteosoma '-or Plasmodium prrecox (Grassi and Feletti, 1890) as is its true 
name-is a parasite which has been used by worker after worker over many years in the study of 
m!l.larial problems. Thus Ross first discovered its sporogony cycle in Culex fatigana, before he and the 
Italian workers went on to apply the discovery to the further discovery of the sporogony cycle of the 
human malarial parasites in Anopheles mosquitoes. This parasite is a very favourite· one for labora
tory study. It has a world-wide distribution and occurs especially in small birds, such as the 
sparrow, finch, and lark, but also in larger birds, such as the pigeon, crow, owl, partridge, duck, 
hen, and guinea-fowl. It is curious how uncommon the infection is in Calcutta city itself ; the 
writer has repeatedly tried to find the infection in Calcutta sparrows, crows, and pigeons, but has 
never succeeded. On the other hand sparrows in the mofuasil are probably frequently infected ; 
in reading Sir Ronald Ross' Memoirs it is interesting to note that he first succeeded in obtaining 
oocysts by feeding mosquitoea on a mixed bag of pigeons, crows, sparrows and larks without, 
apparently first examining their bloods. On the other hand, Hremoproteua infections are very 
common in birds in Calcutta. 

The youngest forms of P. prrecox are very tiny structures lying towards the pole of the infected 
nucleated red blood corpuscle, shewing a red-staining chrom!l.tin dot and a trace of blue-staining 
cytoplasm. A vacuole soon forms, however, and at this stage the young trophozoite resembles the 
ring forms of P.falciparum. Pigment next appears, and is very intense, and deeply brown-black in 
colour; P. prlliWX is much more deeply pigmented than even P. malarire. As the parasite grows in 
the pole of the cell it displaces the nucleus of the red corpuscle so that the nucleus lies askew 
across the cell; a. very characteristic feature of proteosoma infections, whereas in halteridium 
infections the parasites (gametocytes) develop along the lateral aspect of the nucleus of the red 
corpuscle. It is not uncommon in proteo~oma infections to find a developing schizont in each 
pole of the same red corpuscle, with the nucleus lying askew between them. 

The mature schizont rosettes are deeply pigmented and two different types are described; 
small schizonts with a diameter of about 4 p. to 5 p. with about 6 merozoites, and large 
schizont& occupying half the cell, with from 16 to 24 merozoites. The gametocytes are slightly 
elongate, ovoid bodies about the size of the largest schizonts. The pigment in them is irregularly 
distributed, and the female has a more deeply staining and more compact nucleus than that of the 
male. The infections in naturally infected birdsareusuallyUghtones, but very heavy infections can 
be produced by passaging from bird to bird. Experimental infections are apt to be very heavy 
in canaries, and are frequently fatal in these birds with marked hypertrophy of the liver and 
spleen. In experimentally infected birds the schizogony cycle appears to be somewhat irregular, but 
the infection reaches its height in from 8 to 10 days and thereafter declines Relapses may occur, 
but are rare; Ben.Harel (1923) attributes them to a sudden revival of multiplication which has 
been proceeding at a low level throughout the afebrile period (vide p. 46 ). Laveran and Lucet 
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(1905) attributed~ P. prmcos a fatal epidemio which occllrred amongst partridges imported to 
France from Hungary. 

Transmission is by Cule:J: mosquitoes, but the brothers Sergent (1907) and Neumann (1908) 
have demonstrated that the complete sporogony cycle can also occur in A.edu argenteu (Stegomyia 
/a&eiata), but that only11·4 per cent of these mosquitoes when fed became infected. The optimum 
temperature for the sporogony cycle in Culez :pipiefUI was found by Et. Sergent (1919) to be from 
20°C. to 30°C., and the time for the cycle to develop depends very markedly on the t<lmperature ; 
if the fed mosquitoes are kept at from 17·5°C. to 24°0., sporozoite& may not appear in the salivary 
glands until two months after feeding. 

That the proteoaomata of different s~ies of birds all belong to the same "species. P. prrecos, was 
shewn by RoSB (1898), Koch (1899, 1899a), P.~ (1901), and Wasielewski (1908), who shewed that 
strains from ona species of bird are readily inoculable into other species, and that mosquitoes fed on 
proteoaoma of one species can infect other species of birds. . 

The plasmodia of lizards are still another group, and have been especially studied by Wenyon. 
Thus Plasmodium agamm (Wenyon, 1909) occurs in the nucleated red blood corpuscles of the Sud&;,_ 
lizard, A.gama colotwram. The fully formed schizonts are from 4 p. to 7 p. in diameter with up to six 
merozoite• ; ths gametocyte& are elongated pigmented bodiee, about 14 p. in length by 4 p. in breadth. 
Plasmodium mabuim (Wenyon, 1909) is a parasite of another Sudan lizard, .llabuia qtdnquetreniata. 
The mature schizonta are ab.:~ut 5 p. in diameter, with up to six merozoites, and the gametocytes about 
8·5 p. by 5·5 ,u. Plasmodium tropidv.ri (Aragao and Neiva, 1909) occurs in the Brazilian lizard, Tropi· 
tlurtu lorquattu, and closely resembles P. prmcos. Plasmodium tliploglo&Bi (Aragio and Neiva, 1909) 
occurs in the snake lizard, Diplogloi8tul/a&eiattu, of Rio de Janeiro. ~the parasite grows in the 
nucleated red cell, it comes to cilmpletely encircle the nucleus, and as many as forty merozoite& may 
be produced. The infected red cell becomes pale and enlarged. Plasmodium mintUen&e (Carini and 
Rudolph. 1912) occurs in the Brazilian li7:ardMabuiaagilu, and has been found by Wenyon (1915) 
in the iguana of Trinidad. The schizont& are from 4 P. to 5 p. in diameter and produce four merozoite& 
which are arranged either in a cruciform pattern or in a fan; the gametocyte& are spherical or ovoid, 
or sometimes elongated, in which ease they lie aroun~ the nucleus. 
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PRACTICAL LABo:a.ATORY WoRK ·AND DIAGNOSIS IN MALARIA. 

On the Selection and Use of a Microscope. 

THE student will be well advised to purchase his own microscope. No medical 
man can possibly carry on the practice of medicine in the tropics without the con
stant use of the microscope, since the diagnosis of quite the majority of tropical 
diseases depends upon the use of the microscope. The medical man who attempts 
to practise medicine in the tropics without using a microscope is like the captain 
of a ship who puts to sea. without a compass, a.nd a microscope is more essential 
to the medical man in the tropics than a stethoscope. . 

Of the many suitable models on the market, amongst those by English makers 
Beck's London Model 22 B can be recommended for its careful construction and 
durability in use. Other excellent English models are Swift's' B.S. G. S~andard,' 
Watson's 'H. model, Edinburgh Student's' microscope, and Baker's' D. P. H.' 
microscope. Of continental models excellent types are Zeiss' ' Stand A. S. A. 
16' and their ' C. C. E.' model, Leitz's ' Stand G,' and Reichart's 'Laboratory 
model B II (3) ' ; also the Winkel ' Stand I f Mj29.' Among American models 
the Spencer Lens Co.'s ' Medical Model 44 H 'is an admirable microscope, also their 
'No. 15 medical model,' and Bausch and Lomb's 'F. F. S.' model. For dissection 
and adult mosquito identification work either a. ' Greenhough ' model binocular 
or an ordinary low power monocular lens dissecting microscope is required in 
addition. 

In using the microscope the student must accustom himself to keeping both 
eyes open. At first outside _images may be a little confusing, but a. little patience 
and effort soon teaches one to disregard them. If difficulty is experienced in keeping 
both eyes open, a shade can be purchased to fit the draw-tube, or a. substitute cut out 
of thick cardboard to shade the eye which is not at the microscope. Most ·recent 
microscope models are made to take a binocular eyepiece, and the use of such a 
binocular eyepiece is especially recommended. - With binocular vision one gets a 
sense of depth and contour impossible with monocular vision, and structures such as 
protozoal cysts shew up much better. A binocular eyepiece for a monocular draw
tube can be purchased, but in the writer's experience the use of such a heavy 

( 62 ) 
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binocular eyepiece tends to wear the fine adjustment, and a microscope with a 
built-in binocular tube, such as Zeiss ', is much better. A very admirable model 
is Leitz's • A. A. B. M.' which has both monocular and binocular fittings. 

The microscope must have an adjustable substage condenser with rack and 
pinion movement and an iris diaphragm. A mechanical stage is absolutely 
essential for work in malaria, and no decent work can be done without it. The 
writer would recommend the purchase of not only one but of two oil immersion 
lenses-the usual· fith inch and a • fluorite ' tth inch oil immersion lenses. 
Also of one ocular of very low power, e.g., a No. 1, and of one high power ocular, 
e.g., a No. 12 or 15.· With Nos. 1, 2, 4 and 12 or 15 oculars, and frd, lth, tth inch 
oil immersion and ,\th inch oil immersion objectives, one can get an enormous 
range of magnifications. Thus in searching a blood film for malarial parasites 
one can cover ground very rapidly by using the Hh inch oil immersion objective 
with a No. 1 eyepiece ; if a parasite be found, the f!tth inch oil immersion objective 
may be turned on, or a lligher eyepiece substituted. On the other hand, for seeing 
fine detail the nth inch oil immersion lens is essentiaL 

Even in the tropics the writer far prefers artifi~ial light to daylight for 
general work. One sees far and away more detail by artificial light than by 
daylight. Most microscope manufacturers turn out excellent small and cheap 

· paraffin lamps for use with the microscope. A brilliant illumination is not 
necessary. The writer usually uses a Zeiss binocular microscope with Reichart's 
' Star • microscope model of electric lamp. · 

Further, it is of-the utmost importance that the student shall use the micro
scope intelligently. Moder~ microscopes of to-day are such refined instruments 
that the best results are only to . be obtained by using them with a full under
standing of their principles of optics and construction. A small handbook on 
microscopical methods will be found very useful ; such as Shillington Scalea' 
Practical Mwoscopy (London: Bailliere, Tindall and Cox. Third Edition, 1926. 
Price 5s.). 

· The oil immersion objectives require to be cared for. After use, at the end 
of the day's work, the oil should be removed by carefully wiping them with a soft 
silk handkerchief or with special lens paper. It is permissible in doing so to moisten 
the handkerchief with a little xylol, but it is not permissible to dip the front of the 
lens into xylol-as one sometimes sees a student do-as this will loosen the front 
lens of the objective and ruin the lens. In using the oil immersion lens, the writer's 
cu.~tom is to lower the lens until it just touches the oil, watching the operation from 
one side as one does so ; then to focus downwards carefully, first with the coarse 
and then with the fine adjustment. If the objective touches the slide, it should on 
no account be forced downwards as this will break the slide and may ruin the objec
tive. Forcing the fine adjustment when it bas come to the end of its movement 
is another fault which the student should not commit. 
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The dry i-th inch objective is a lens which is very useful for histological work 
but for protozoological work the +th inch oil immersion objective is far better. 
It gives one almost the same working distance, much more definition, and more 
critical illumination. 

The microscope must always be used with its draw-tube drawn out to the 
correct tube length. J!'or Leitz, Zeiss and Winkel microscopes this is 160 mm. ; 
i.e., the tube should be drawn out to the 16 mark ; for most British models, such as 
Beck's, it is 170 mm. 

The commonest mistakes made by students who are unaccustomed to the use 
of a microscope are as follows * :-

(1) The improper use of the iris diaphragm. It is almost better for the student 
at first not to use this part of his microscope, because light can he as easily cut down 
by racking down the condenser, although from an optical point of view this method 
is slightly inferior. In the East, where everything mechanical is done in the opposite 
way to the West, students in order 'to open the diaphragm pull the lever 
towards them, with the result that the iris diaphragm becomes closed. They then 
try to force it still further, with the result that the vaneB get notched and distorted 
and the diaphragm becomes jammed. 

(2) Improper use of the fine adjustment. In every microscope there are two 
lines and an arrow on the side near the fine adjustment. This gives the working 
distance of the fine adjustment, and instead of continually using the fine adjustment 
for focussing any considerable distance, the larger distances should be traversed 
by using the coarse adjustment. The student should get accustomed to almost 
getting a sharp focus with the coarse adjustment, and then using the fine adjustment 
for finally rendering the image clear and sharp. When the thread of the fine adjust
ment comes to the end of its limit, a student will often then try to force it still further 
and consequently damage its mechanism. 

(3) Some students use traction on the mirror and pull the microscope about 
by it, instead of using the handle on the body of the microscope, which is built for 
that purpose, with the result that the mirror is torn away from its holder. 

(4) If a triple nosepiece is on the microscope, it is important to mount the 
objectives in a fixed order and to stick to that order. Screw in the ird inch, 
!th inch and -,-\th inch oil immersion lenses into place in counter-clockwise order 
and keep them in that order. One then knows automatically that the lens after 
the !rd inch is the !th inch and then comes the i~th inch oil immersion lens. 
One has known students by not adhering to this rule mistake the -,:\,-th inch oil 
immersion lens for the 1;th inch, try to use it as a dry lens, fail to get a focus, 
and finally jam it against the slide. They may then try to force it on further, 
with the result that the slide breaks, and the front lens of the oil immersion lens 

*The following paragraphs are from notes very kindlisupplied by Lieut.-Col. H. W. Acton, I.M.s. 
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. may be dislocated. It i!J very bad microscopy to ever break a slide with the oil 
immersion lens. 

(5) For unstained objects the microscope should be set in the vertical position, 
with the draw-tube drawn out to its correct length, the substage condenser racked 
well down, and the c~ncave mirror in use. For stained specimens such as blood 
films the microscope should be set tilted to a comfortable working angle, the conden
ser should be racked right up as far as it will go, the iris diaphragm be fully opened, 
and the plane mirror used. The student should get into the habit of automatically 
seeing to these points according to the character of the work in hand. In sitting 
down to examine stained blood films, he should automatically see that the draw
tube is out to its proper length, the condenser racked ~p. the iris open, and the 
plane surface of the mirror in position. - · 

In a previous publication the writer mentioned the case of a veterinary officer 
whom he found using or trying to use the lth inch dry objective with imm~rsion oil. 
Since writing that he has seen two qUa.lified medical men-post-graduate students
make the same mistake ; and has received a letter lrom a veterinary surgeon stating 
that he has seen a medical man try to use cedar-wood oil by removing the eyepiece 
and pouring the oil down into the tube of the microscope ! 

Slides and Cover _Slips. 
No decent work can be done in malaria unless slides and cover slips are most 

scrupulously clean and polished. Slides and cover slips not kept in alcohol in 
the tropics are very !iable to become frosted, and such' frosted' glass cannot be 
userl. This especially applies to Japanese slides and c~ver slips. . • 

When received from the maker, slides should be placed in a saturated ablution 
of carbonate of soda, brought to the boil, then well washed in running water and 
wiped with a soft linen rag; they are then transferred to 50 per cEmt sulphuric acid 
for a few minutes, again washed in running water, and the excess of water drained 
off. They are then placed in glass-stoppered bottles containing rectified spirit. 
Before use they are taken out of the spirit, dried, cleane<l and polished. For this 
purpose the writer uses old much-washed linen handkerchiefs, though perhaps a 
silk handkerchief is better. If the glass surface has been properly freed from grease, 
a drop of water will spread out evenly over the entire surface. If there is any grease 
on the slide it can be quickly got rid of by passing the slirle three times through the 
flame of a Bunsen burner. To remove the last trace of grease Coles recommenlis 
rubbing the slide with whiting-a mixture of pulv. crreta preparata and water, 
and then polishing. 

Cover slips received in the dry state from the makers in the tropics are v•ny 
liable to be ' frosted.' · Cover slips in the tropics should on no account be kept 
in the dry state. Those sold packed in oil of cloves are best, and for ordinary work 
No. 0 or No. 1 thicknesses are best. On receipt of the cover slips they should be 

• 
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placed in 1 per cent lysol solution for .an hour to remove the oil of cloves ; then 
transferred to a saturated solution of carbonate of soda in which they are 

. brought to the boil, washed in rnnning water, placed for 6 to 8 hours in 50 per 
cent sulphuric acid, again very thoroughly washed in water and stored in spirit 
in wide-mouthed glass-stoppered bottles. 

To Olean Ol_d Slides. 

There are several methods by which used glass slides can be cleaned. 
1. A fhrid very commonly employed consists of 1 part each of potassium 

bichromate and commercial sulphuric a.cid with 10 parts of water. Slides are left 
to soak in this indefinitely; they are then taken out, washed very thoroughly 
in running water, and transferred to spirit. The solution is very corrosive 
however. 

2. An alternative is to leave the slides overnight in a mixture of 2 parts of 
glacial acetic acid to 100 parts of rectified spirit, and next day to wash them well 
and transfer to spirit. 

3. Archibald recommends boiling dirty slides for one minute in a solution 
consisting of 6 parts per cent of sodium hydroxide and 2 per cent calcium carbonate. 
Then rinse in cold water and transfer to alcohol. 

4:. The Indian laboratory attendant is very fon~ of cleaning rised slides by 
rubbing the:in under a running tap with saja muUi (crude carbonate of soda) full of 
gritty particles. This scratches the surface and ruins the slide. It should not be 
permitted. 

5~ A cheap and efficient method is to boil the slides in a solution of soft soap 
in water and then to thoroughly cleanse in running water. 

Jlt!A.TERIALS. 

Preparation of Blood· Films. 

If a knowledge of how to use his microscope is essential to the medical man 
in the tropics, a knowledge of how to properly prepare and stain a blood film is 
equally essential. The majority of blood films received in the laboratory, however, 
are badly prepared, and one can only conclude that the majority of medical men 
have not been taught this essential lesson. 

Proceed as follows :'-
1. Clean three or four slides. They must be spotlessly clean and polished. 

If any grease is present, pass through the flame of a Bunsen.burner. Do not use old 
scratched slides. For cleaning an old much-washed linen handkerchief or. a silk 
cloth is best. Lay the slides down flat on a clean piece of paper. 
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2. Select a slide with a smooth even end, as tested by passing the edge of the 
end of the slide across the palmar surface of the finger. This is the spreader. One 
comer of it may be cut off, as shewn in Fig. 14:. 

3. · Prick the patient's finger. An ordinary hypodermic needle makes a good 
pricker, and must, ·of course, be sterilised by flaming before use. There is no neces
sity to swab the patient's finger with alcohol, ether, etc., beforehand; as long as the 
needle is sterile that is all that matters. The best place to prick is not on the 
palmar aspect of the finger; but oil the dorsum just below the root of the nail. 

I. 

F1u. 14.-To illustrate the methodof preparing a thin blood film. The blood should follovJ 
the spreader, and not be pushed before it. 

4:. Picking up one of the clean slides, invert it, and towards one endjuse bring 
it into contact with the oozing blood. Too large a drop must not be taken. Re
invert it on the table, and with the spreader held at an angle of 4:5°, touch the drop, 
so that a thin film of blood runs between the edge of the spreader and slide. Next 
draw the film ; the blood must follow the spreader and not be pushed before it, 
(aa the latter procedure distorts the cells). Then apply a little tincture of iodine to 
the patient's finger. 
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5. Allow the film t() dry in air. It is best, in order to preserve the film from 
flies, dust, etc., to cover it whilst it is drying with a Petri dish. Drying is usually 
only a matter of a minute or so, but in wet weather may take longer. During the 
rains, hremolysis often occurs before drying and the film is useless. In field 
work, under such conditions the only way is to hold the film as soon as spread 
over a spirit lamp until dry. 

Leishman's Stain for Blood _Films. 

Leishman's sta.in is both a combined fixative and stain .. The preparation 
and use of the stain, however, require the closest· attention to details if 
good results are to be obtained .. The best stain is either Burroughs Well
come and Co.'s 'Soloid' Leishman's stain, which is very suitable for labora
tories with only occasional films to examine; -or. Griibler's or Merck's powcl.er 
for larger laboratories. (There seems to be a little difference in the keeping 
properties of '.Soloid ' Leishman's stain. Fresh ' Soloids ' give an excellent 
stain, but old 'Soloids ' may give a very inferior stain.) The very purest 
methyl alcohol, free from any trace of acetone, must be used ; preferably 
Merck's. 

To prepare a small bottle of stain froni '- Soloid ' Leishman's stain. Take a 
30 c.c. drop bottle ; clean it out very thoroughly ; dry it ; and then rinse 
it out with a little pure methyl alcohoh Into it drop t.wo of the 0·015 gm. 
' Soloids ' ; add 20 c.c. of methyl alcohol ; turn the stopper so that no drops 
can come out ; and shake until every particle of the stain has gone into 
solution. 

To prepare Leishman's stain in bulk. Take a glass (not porcelain) pestle and 
mortar. Clean them absolutely and rinse the mortar out with a little methyl 
alcohol. Weigh out 0·15 gm. of Leishman's stain and put it into the mortar. 
Measure in a cylinder 100 c.c. of pure methyl alcohol. Add a little of the alcohol 
to the stain in the mortar and grind. Add more of it and grind. Drain off the 
stain into a stoppered bottle. Continue adding the alcohol in portions and grinding 
until every particle of the stain has gone into solution. This is the most essential 
step of the whole procedure. 

. Next incubate the stain. Place the bottle of stain overnight in the 37° incubator. 
This causes the stain to ripen and greatly improves results, whilst it also ensures 
complete solution of every particle of stain. Do not leave the stain in the 
incubator, however, for more than 24 hours. 

Every step in this process must be carried out with meticulous care. In many 
laboratories ·in India Leishman's stain is prepared from bad materials, or not 
properly prepared, with bad results. If properly prepared, the stain will keep for 
two weeks or longer in the plains. 
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To Use Leishman's Stain. 
1. Lay the blood film, film surface upwards, on a staining rack. (A con

venient way to make such a rack is to fix two pieces of glass tubing parallel \vith 
one another across a basin with plasticine. This answers very well where large 
numbers of films have to he stained, and avoids mess.) See that the rack is dead 
level. · . 

2. From the drop bottle, drop Leishman's stain on to the slide until its whole 
surface is covered with the stain. The methyl alcohol in the stain fixes the film. 
This takes half a minute only, and the readiest way of estimating that time is to 
count twenty slowly mentally. . 

3. After the lapse of half a minute drop on to the slide double the correspond
ing number of drops of pure distilled water; (the water must be distilled water). 
By tilting the end of the slide, allow the stain and water to mix thoroughly. Stain 
for five minutes ; (many authors recommend ten minutes or longer, but in the 
writer's experience, five minutes is usually ample with a well prepared sample of 
stain). If the stain has been properly prepared, a golden scum will rise to the 
surface of the fluid, and unless this happens the result will probably be bad. 

4. Flush off the stain from the slide with distilled water. (The Romanowsky 
stains should never be drained off a slide, owing to the fear of deposit of the stain 
occurring. The stain should be flushed off the slide by immersing it in distilled 
water.) Place it in a Petri dish containing fresh distilled water and gently rock the 
dish. The film turns at first greenish-blue, then pink. This takes about one 
minute. When the film is turning pink, remove the lillide. 

5. It is always better not to blot slides, as all sorts of foreign bodies may get 
into slides from the use of dirty filter paper. The best plan is to lean the slide end
on against a vertical wall with its film surface downwards and to let it dry 
of itself. 

· 6. Examine with the oil immersion lens. For rapid work it is good practice 
to search the slide with a +th inch • fluorite' immersion lens and a No. 2 or 4 
ocular; if a suspicious object be found, a higher ocular can be used to determine 
whether it is a parasite or not. An alternative, recommended by Wen yon, is to 
cover the whole surface of the film with a layer of cedar~wood oil, and to examine 
it with the lth inch dry objective. If an object believed to be a malarial parasite 
is encountered, the t\th inch oil immersion objective can then be substituted. 
One may, however, miss small rings of P. Jal.ciparum when using the lth inch 
or lth inch objectives. · 

Certain Difficulties with Le-ishman's sta:n. 
1. Deposit on the Slide.-This is especially apt to occur if the film has been 

stained for too long, or if there has been too long a delay in adding the distilled 
water to the stain. To remove it, first remove the cedar-wood oil from the slide 
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with xylol ; then let the film dry completely. Flush the slide for an instant or two 
only with rectified spirit, and· immediately immerse in distilled water to remove 
the spirit. Tliis will usually clear the slide of deposit, but the fiuahing with spirit 
must be very rapid, in order to avoid decolourising the film. Or stain a fresh film 
from the case: 

The use of a rocker upon which to rest the slide whilst staining will avoid 
deposit. There are several patterns of such rockers on the market, or a home 
made one can easily be made. 

2. Staining too blue.-After removing the oil as before, immerse for a few 
seconds in 1 in 5,000 acetic acid in water and then wash thoroughly in distilled 
water. · 

3. · Deeper staining can often be obtained if 1 in 2,000 watery potassium 
carbonate solution be used instead of the distilled water to dilute the stain 
with. 

4.· The water used to dilute the stain with must be distilled water. But 
in Calcutta and Bombay, ordinary tap water may be used for washing and 
differentiating the stain. In small mofussiZ stations however, the water supply 
is· usually not suitable for this purpose and distilled water (or collected rain 
water) should be used. 

Giemsa's Stain for Blood Films. 

Giemsa's stain is probably preferable for general use to Leishman's, as it has the 
great advantage that the slide may be stained for a prolonged period without fear 
that deposit will form on it ; and it can be especially recommended to laboratory 
workers who experience trouble with Leishman's stain. The stain may be prepared 
as follows :-In a glass mortar with a glass pestle grind 3 grammes of azur-II-eosin 
and 0·8 gramme of azur-II into thorough solution in 250 c.c. of the purest anhydrous 
glycerine. Add 250 c.c. of the purest acetone-free methyl alcohol, and mix 
thoroughly. Allow to stand overnight and next day filter the stain through filter 
t>aper. _It is then ready for use. The reagents used must be absolutely reliable 
and Griibler's or Merck's are the best. The methyl alcohol must be chemically 
pute ·and. free from even · the slightest trace of acetone, and the glycerine also 
chemically pure~· Prepared Giemsa's stain however, is stocked by most of the large 
chemical firms in India, whilst the writer has for years used the ready prepared 
stain as issued by the Central Research Institute, Kasauli, and has always found ·it. 
to give excellent results, much better than any ' shop ' sample tried. · 

ln using the stak :-
:' · 1~ · __ Fi_J:I[lt :6~ the film.- This may be done by covering it for 3 to 5 minJites with 
pure m.e'$-yl ~QhQl, Qr _by dipping it for 10 minutes into ordinary absolute ethyl 
alcohol,· Then -wash· thoroughly. 
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2. Dilute the Giemsa's stain 1 · part with 14: parts of distilled water. 
This is most readily done by measuring out 10 or 15 c.c. of di.!ltilled water and 
dropping into it the corresponding number of drops from a drop bottle .of 
the stain. . 

3. Place the slide in a Petri dish, and :flood with the stain. Several authors 
recommend that the slide should be stained in _the inverted position resting upsido 
down on two glass rods, but this is hardly necessary. Stain for half an hour or 
longer. ';fhe longer the staining, the better the result, and if desired the film 
may be left to stain for an hour or two. Or the stain may be made even moro 
dilute and the film stained overnight, the Petri dish being covered to prevent 
evaporation. 

4. Remove the slide from the staining bath; :flush it with distilled water. 
Then soak it in a bath of fresh distilled water until it commences to turn pink. At 
this stage, remove the slide and place it to dry by leaning it against a vertical 
surface. Do not blot. . • 

Deeper staining with Giemsa's stain may be accomplished by using a 1 in 1,000 
solution of potassium carbonate to dilute the stain with instead of distilled water. 

·The Panoptic Method of Staining. 

This gives very pretty pictures. Proceed as follows :-
1. Lay the slide on a staining rack and cover it for half a minute with undiluted 

Leishman's stain. 
2. Dilute the J;.eishman's stain with double the number of drops of distilled 

water and allow to stain for 5 to 10 minutes. Wash the film with distilled water, 
and then 

3. Lay the slide in a Petri dish and :flood with diluted Giemsa's stain, one drop 
to each c.c. of water. Stain for one to twenty-four hours, covering the Petri dish 
to prevent evaporation. . 

4:. Wash the film with distilled. water and transfer it to a bath of I : 1,000 
acetic acid. This commences to remove the blue colour in the film. At the instant 
when the film is turning pink, remove, wash rapidly with distilled water, and slant 
the slides against a vertical surface to dry. · · 

An alternative and more rapid method is as follows:-
1. Cover the film with undiluted Leishman's stain for half a minute. 
2. Dilute the stain with d01ible the volume of diluted Giemsa's stain, one 

drop to each c.c., and mix thoroughly. · Stain for 10 minutes. 
3. Differentiate in distilled water as with Leishman's stain. 

The Original Romanowslcy Stain. 
Both Leishman's and Giemsa's stain are somewhat expensive, and in large 

laboratories where many slides have to be stained every day, the original 
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Romanowsky method is more economical, and if properly. used gives good 
results. It is specially recommended by Colonel Christophers. 

Two stock solutions are needed. 

Solution A. Medicinal (not pure) methylene blue 1 gramme. 
Pure sodium carbonate . . 0·5 gramme. 
Distilled water 100 c.c. 

. Dissolve and place the bottle containing the stain either in the 37°C. incubator 
or in full sunlight for two or three days. The solution acquires a deep purple 
colour which will be seen at the edges of the liquid, and it is then ready for use 
but not before. 
SoZu!.ion B. Eosin, extra B. A. water-soluble 

Di~tilled water 

For staining 

1 gramme. 
1,000 c.c. 

1. Fix the . film either by five minutes' exposure to methyl alcohol or for ten 
minutes in ordinary absolute alcohol. Wash and transfer to a Petri dish. 

2. Dilute solution A: 1 part with 19 parts of distilled water. Also dilute 
solution B : 1 part with 19 parts of distilled water. Mix equal parts (about 4 c.c.) 
of diluted solution A with diluted solution B, and pour the mixed stain into the 
Petri dish to cover the slide. Do not let the mixed stains stand a moment before 
pouring on to the slides. 

3. Stain for haH an hour or longer. On tilting the Petri dish a red stain 
should be seen at the sides;. this indicates that the staining is proceeding 
properly. 

4. Flush off the excess of stain with distilled water and differentiate in a bath 
of distilled water as with Leishman's and Giemsa's methods. When the film com· 
mences to turn pink, remove from the bath and allow it to dry by slanting it again<st 
a vertical surface. 

The RomanQWsky Sta·ins. 
Leishman's and Giemsa's and all other modifications of the original Romanow

sky stain depend for their staining properties on certain loose chemical combina
tions. Medicinal (not pure) methylene blue contains a number of oxidation products, 
the most important of which is methylene-azur. 'Vhen watery or alcoholic solutions 
of medicinal methylene blue and of eosin are mixed together a series of loosely 
combin~d chemical bodies are formed such as methylene blue-eosinate and methy
lene-azur eosinate, etc. These different compounds possess different affinities for 
different cell structures, and thus differential staining results. The red blood 
corpuscles stain a transparent pink or orange colour ; the nuclei of leucocytes, 
sl:J.ades of violet ; eosinophile granules in the coarsely granular leucocytes, red ; 
neuitophile granules in the polymorphonuclear leucocytes, yellow to lilac ; mast 
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cell granules deep violet ; blood platelets, purplish ; the cytoplasm of malarial 
and other blood-inhabiting protozoal parasites a bright 'Cambridge • blue; and 
their chromatin a bright ruby red. 

In all the Romanowsky methods it is very important that the distilled water 
used for diluting the stain shall be free from carbon dioxide, as fresh as possible, 
and of neutral reaction. To test the distilled water take 5 c.c. of it in a test tube 
and add to it 5 drops of a 0·04 per cent solution of bromo-cresol purple. If the 
water is acid a pale yellow solution will be formed, if it is alkaline it will be purple. 
The reaction of the water should be such that it gives a purple colour, which is 
turned to yellow by tlte slightest trace of acid. If the water is acid, take 100 c.c. 
of it, add 100 drops of a 0·04 per cent solution of bromo-cresol purple, and it will 
tum yellow; now add cautiously drop by .drop a 1 in 1,000 solution of sodium 
carbonate till a purple colour appears. Excess of soda solution must not be used. 
The coloured water may now be used for diluting the stain without ill-e:ffects. 

' The best results with the Romanowsl-y stains are obtained_ with newly
prepared films. Blood films in the tropics, if not stained within a day or two of 
making, begin to deteriorate. With increasing age the staining becomes more and 
more defective, and although methods have been devised for rejuvenating old films, 
none of them gives the results which can be obtained by staining them directly after 
they are made. The defective staining of old films can be remedied to some extent 
by extracting the blue by trea.ting the stained film with a 1 per cent solution of acid 
sodium phosphate • (Wenyon, 1926, p. 1319). 

As a rule the stained films are examined as soon as they are dry. Films stained 
by the Romanowsky methods fade fairly rapidly with storage. In order to make · 
permanent preparations, several authors recommend taking the stained film up 
through graded alcohols to xylol and mounting in ' neutral • Canada balsam. 
The writer has never had any success with this method, .since however rapidly one 
passes through the alcohols a great deal of the stain is dissolved out, whilst he has 
never yet seen a truly neutral xylol solution of Canada balsam. A much better 
method is to let the stained film dry in the 37°C. incubator, and then cover it with 
either 'Euparal '-a mounting medium prepared by Flatters and Garnett, Ltd., 
309, Oxford Road, Manchester; or with Gurr's Neutral Mounting Medium--pre
pared by G. T. Gurr, 136, New King Road, Fulham, London, S. W. 6-and then 
place on it a perfectly clean long cover slip 2 inches X 1 inch. Such preparations 
will keep without fading for at least six months, possibly for a year. 

It is essential that the methyl alcohol used in all the Romanowsky methods 
shall be absolutely pure and free from any trace of acetone. 

Old and fadE'd stained blood films are very difficult to re-stain. The writer 
has tried many different methods, but none with any marked success. The following 
method is given by Daniels. Treat the slide for a few minutes before staining with 
a mixture of absolute alcohol 1 oz. and 3 to 5 drops of glacial acetic acid. Then 
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wash in distilled water and stain with l~eishman's or Giemsa's stain in the usual 
manner. Old blood films take on a deep blue staining of the red blood corpuscles 
instead of the normal orange-pink. To some extent this can be got rid of by flooding 
the slide with a 1 per cent solution of acid sodium phosphate after staining, but the 
results are never too good. · 

The Use of Thick Films. 

The use of thick films for the detection of malarial parasites is to be very strongly 
advocated. James states that if only one thin blood film be examined from 
patients with malaria, parasites will be detected in only 40 per cent of cases. By 
the use of thick films, however, they are but rarely missed, and the writer's own 
procedure is to take three thin films and one thick one from every suspected 
case of malaria. The thin films are stamed and examined whilst the thick film 
is drying, and if no parasites are detected in the thin films, the thick film is then 
proceeded with .. The thick film method is especially applicable to those all too 
frequent cases in which the patient has taken a small dose of quinine before the 
blood is examined. Throughout India classes in first aid for laymen are held in 
almost every large town or cantonment, at which they are taught how to splint 
fractures. It would be far more to the point if they were taught how to take a 
thin an.d a thick blood film and send them to a laboratory. What happens when 
the European or the educated Indian gets fever is usually that he takes a small 
dose of about 5 grains of quinine and then sends for the doctor. This dose is 
sufficient to make it impossible to find parasites in thin blood films, but wholly 
insufficient to control the fever. It is especially in such cases that the thick film 
method is useful, and the laboratory worker should thoroughly master the 
technique. 

There are several different thick film methods. The following is advocated by 
Knowles and Das Gupta (1924). 

1. The slide used for the thick film must be perfectly clean and polished and 
free from every trace of grease. The patient's finger is pricked and the glass 
slide-held upside down-is brought into contact with the issuing blood so that 
four drops are placed at the corners of a small square about half of an inch in 
diameter, as- shewn .in Fig. 15 after James. The four drops of blood should 
not be too large nor too small. With a round needle next pool the four 
drops so as to spread the . ·blood into an even thick · film covering the half 
inch square. Puddling sho.uld be avoided, and the film must not be made too 
thick (Fig. 15). 

2. This film takes two hours to dry at room temperature, or one hour in the 
37°0. incubator. If the film be taken in the laboratory, cover it with a Petri dish 
whilst it· is drying in order to keep flies and dust away from it. If at a 
patient's house, leave the film. covered with a saucer, and give instructions that 
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it is to be sent to the laboratory two hours or more later. If possible, it is best 
to take the thick film one day and stain it the next in order to make certain that it 
has dried. 

3. Lay the film on a Rtaining rack and gently flood the slide with the 
following mixture :-

Glacial acetic acid; 2·5 per cent solution in distilled water .. 4 parts. 
Tartaric acid, crystalline ; 2 per cent solution in distilled water . . 1 part. 
This mixture keeps indefinitely, and it is better to keep the two solutions 

mixed, as fungi are apt to grow in the tartaric acid solution. It should be kept in 
a stoppered bottle. 

This solution de-hremoglobinises the film, and the process should be watched. 
An ordinary thick film quickly cle-hremoglobinises, but films with thicker patches 
in them may require a little longer. The de-hremoglobinised film should shew a 
grey-white colour. 

4. As soon as de-hremoglobinisation is complete, drain off the fluid by gently 
tilting the slide.' Next flood the slide with methyl alcohol, and allow it to remain 
on for five minutes. The film is now de-hremoglobinised and fixed. 

1.-- ~-:- ··. ~~- l . ~~-· 
l' f.itr.: "'., 

., ~~ ": .. . ~ 
I 
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Fro. 15.-Method of preparing a thick blood film. (After James, 1920.) 

5. Drain off the methyl alcohol and wash the film very thoroughly in distilled 
water. Every trace of acid must be removed from it. 

6. Stain the film with Giemsa's stain, one drop to each c.c. of water, for 15 
minutes or longer. Differentiate in the usual way with distilletl water. Do not 
blot the film, but let it dry by slanting it against a vertical surface. 

If careful attention be paid to details in this technique, the results are excellent. 
Further, in cases of kala-azar it gives some 67 per cent of positive findings of 
parasites in the peripheral blood, and is very helpful in differentiating between 
kala-azar and malaria. Leishmania parasites are not plasmolysed by this 
method, as they are with some other-thick fihnmethods; they stain well and shew 
up clearly. 

---The -film should be examined when dry with the 1\th inch oil immersion 
objective and a No.6 or so ocular. The red blood corpuscles are de-hremoglobiniseJ 
and the parasites shew up well. Occasionally it may be a little difficult to be 
certain which species of malarial parasites is present, but a further examination of 
th~.sJi~ ~ill usually settle the diagnosis. 
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For survey work in the field Sinton (1925) advocates the following and most 
ingenious method. 

1. A small ~op of blood is placed about half an inch from the end of a clean 
glass slide, and a second drop about one inch from the same end. The second drop 
is now spread into a thin film towards the opposite end of the slide in the usual 
manner, and the first drop is made into a thick smear of about! inch in diameter. 
The thick film should not be made too thick. The slide is next covered to protect 
it from dust and flies, and the film allowed to dry. 

2. In order to label, write the patient's name and date on the thin film with a 
soft pencil.or with the point of a pin or needle. 

3. Immerse the part of the slide containing the thin film in a staining jar of 
. methyl alcohol to such a depth that the alcohol does not come within three-quarters 
of an inch of the thick drop, because. any alcohol on this drop would fix the red cells 
and prevent their .de-hremoglobinisation. 

4. Withdraw the slide when fixed and place it upright, so that all the alcohol 
drains off without coming into contact with the thick film. Next allow the slide to 
dry. 

5. Gently flood the slide with diluted Giemsa's stain and allow it to act from 
10 minutes to 2 hours, as preferred. 

6. When stained gently flush the stain off with distilled water and differentiate 
with distilled water. Do not blot the film but allow it to dry by slanting it against 
a vertical surface. 

If a line is drawn across the slide with a grease pencil between the thick and thin 
films Leishman's stain can be used instead of Giemsa's. The undiluted Leishman's 
stain is allowed to act on the thin film for half a minute ; it is then diluted with 
water, and the diluted stain drawn across the grease pencil line, where it is allowed 
to act for the usual length of time. 

When the slide is dry both thin and thick films from the patient are ready for 
examination on the same slide. The value of this method in survey work is shewn 
in the following table from Sinton. 

I P.vivax .. P. Jalciparum. 

I Thin films. I 
-

Thick films. Thin films. Thick films. 

Parasites in 100 fields .. .. 1 4 1 16 

Parasites found in 2 minutes .. 1 
! 

7·7 1 22 

Time required to find parasites .. 6·6 I 1 23 1 
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For many years the writer relied upon prolonged examination of thin films , 
in difficult cases of malaria where parasites were scanty ; but he has now abandoned 
this procedure in favour of the thick film method. In the preparation of thick 
films, however, it is of the utmost importance that the technique shall be 
irreproachable, since if this is not the case all sorts of difficulties may be encoun
tered. The distilled water-if not perfectly fresh-may become contaminated 
with free-living Bodo or even ciliate protozoa from "the atmosphere, and these may 
get into the film when staining it and be mistaken for malarial parasites. . If the 
thick film be not covered whilst it is drying, protozoa from the atmosphere or 
yeasts may drop into it, be stained, and be mistaken on examination for parasites. 
Flies if they get at either a thin or a thick blood film will eat a large portion of it, 
deposit falces on the film which may contain herpetomonads, and these also be 
mistaken for malarial parasites. 

Norrool CeUs of the Blood. 

Before commencing to examine blood films for malarial parasites it is absolutely 
essential for the student to be able to identify with certainty all the normal and 
abnormal cells which he may come across in blood films, in order that he ·may not 
mistake them for parasites. Hence a short note may be given on these c.ells, com
mencing with the cells normally encountered in blood films (Plate IV). 

I. The Red Blood Corpuscles.-The colour of"these after staining with the 
Romanowsky stains varies with. the degree of differentiation in distilled water. 
In slides which have only been washed for a few seconds they are a bluish-green,
but in properly differentiated films they are orange to pink. They are round or 
almost round biconcave discs having an average diameter of 7•5 p.. 

2. The Blood Platelets.-These vary in size, and are usually from 1 p. to 3 p. in 
diameter, but may be up to one-third of the diameter of a red blood corpuscl~. 
In the unshed blood the platelets have a definite capsule of their own, and this is 
particularly weli seen in the corresponding thrombcicytes of bird's blood. Very 
occasionally if a human blood film be taken and instantly stained, almost before it 
has time to dry, the capsule will be seen. As a rule, however, the platelets commence 
to disintegrate immediately the blood is shed, and they usually show an irregular, 
somewhat crenated outline. They are nearly always found in clusters of from 
five to fifty and stain a purplish-blue, the central part staining more deeply than 
the periphery. They frequently show several small filamentous projections from 
their margin, and a much drawn out platelet may simulate a flagellate protozoon. 
An isolated platelet lying on top of a red blood corpuscle is often mistaken for a 
malarial parasite, though it looks nothing like a parasite in reality. In such 
cases a pale halo area will be seen around the platelet. 

3. The Coarsely Granular Eosinophile Leucocyte.-This cell is a most unmis
takable one. It is about 12 p. in diameter, and the nucleus is bilobed, or very 
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occa-sionally tril~bed. · Frequently the nucleus consists of two more odess spherical 
masses of chromatin conil.ected together by a thin strand of chromatin.· The 
cytoplasm of the cell is stuffed full of large, deeply brick-red st~ining granules. It 
is this cell whose numbers are so greatly increased in ankylostomiasis and other 
helminthic infections, and in asthma and filariasis. The granules are- probably 
of pre-enzyme ·nature, and this leucocyte is probably capable of digesting proteids · 
and converting them into amino-acids, etc.. 

0 

• • • 

4. The Polymorphonuclear Leucocyte.-This cell is about 10 p. in diameter 
and has an irregularly shaped and lobed nucleus, usually ~rilobed. The cytoplasm 
stains a very faint blue and is thickly dusted with fine, small, faintly pink staining 
neutrophile granules. This cell is increased in numbers in all conditions of sepsis 
and acute inflammatory states. 

5. The lr.last Ce!l.-This is a. coarsely granular basophile cell. ·It is about 
the size of a polymorphonuclear leucocyte, and has a bilobed, sometimes trilobed, 
nucleus. Its cytoplasm contains numerous -large granules which stain a deep 
blue to black colour. So deeply do the basophile granules stain that they often 
obscure the nucleus. 

6. The Finely Granular Basophile Leucocyte.-This cell is very rare. It has a 
frayed op.t, bilobed or trilobed nucleus, and its cytoplasm is dusted with very 
small, fine granules which take a blue stain. 

7. The Small Lymphocyte.-This cell is about the same diameter as the red 
. corpuscle. It has a rounded or spherical nucleus which stains most intensely purple 

and occupies almost the entire cell, leaving around it only a narrow rim of rather 
deeply blue staining cytoplasm. In infants these cells may constitute 50 per cent 
of the total leucocytes, and this cell is also present in the blood in enormous 
numbers in lymphatic leukoomia. 

8. The Large Lymphocyte.-A cell which in general resembles No. 7, but is 
larger. It has a round or sometimes oval nucleus which stains very deeply, and a 
considerable volume of rather pale blue-staining cytoplasm which frequently shows 
a few purple-staining granules. This cell is especially well seen in blood films from 
patients with typhoid fever. 

9. The Large Hyaline Mononuclear Leucocyte.-This cell is of special import
ance in malaria, as it is greatly increased in numbers in that disease; also it phago
cytoses the hoomozoin pigment of the parasites. It is a cell up to 14 p. in diameter, 
about o11.e and a half or twice the size of the small lymphocyte, with a nucleus which 
is large, oval, excentric in position in the cell, and much looser and more open in 
texture than the nucleus of the lymphocyte. The nucleus stains much less 
intensely than does the nucleus of the lymphocyte, and it is indented, notched, 
or partly bilobed. The volume of cytoplasm is considerable and stains a clear, 
pale blue colour. The cytoplasm often contains a few scanty azure pink-staining 
granules._ · 
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PLATE v. 
Xormal and Abnormal Blood CelL<;,· etc. . . 

Fig. 

•• .. 
" 
" 
" 
" •• ... ... .. . 
" •• 
.. 
•• 
•• .. .. 
" .. 

(Partly original and partly from Schleip's HrFmatowgical A.tltJB, 1920; Panton's 
Clinical Pathology, 1913; and Byam and Archibald's Practice of Medicine in tke 
Tropics, 1921.) 

L Normal red blood corpuscle. 
2. Blood platelets . 
3. Coarsely granular eosinophile leucocyte . 
4. The same, ruptured. . 
5 •. Polymorphonuclear leucocyte. 

'6. The same, ruptured. · 
7. Coarsely granular basophile leucocyte, or mast cell 
8. · Finely granular basophile leucocyte • 
9. Smalllymphocyte • 

10. Large lymphocyte. · • 
~11. Large hyaline mononuclear leucocyte • 
12. The same, ruptured. . 
13. Large hyaline mononuclear leucocyte, containing malarial hmmozoin 

pigment. . · 
14. Thesame • 
15. Transitional mononuclear leucocyte • 
16. Poikilocytosis. 
17. !\Iicrocytes • 
18. Macrocyte • 
19. Achromia. 
20. Polychromatophilia. 
21. Punctate basophilia. 

., 22. Diffuse basophilia. 
,. 23. Dentilune red blood corpuscles. 
, 24. Howell-Jolly body. 
, 25. Chromatin dust in red blood corpuecle 
, 26. Cabot's rings. 
,. 27. Normoblast. 
, 28. Megaloblast, 
, 29. Myeloblast. 
, 30. Neutrophile myelocyte. 

· •• 31. Eosinophile myelocyte, 
, 32. Basophile myelocyte. 
, 33. Endothelial cell. 
, 34. Tiirck cell. 
, 35. Lymphoblast. 
, 36. Rieder's cell. 

Figs. 37-38. Platelets lying on red corpuscles. 
Fig. 39. X-bodies of Horrocks and Howell (1908). .. .. .. .. 
•• 
" 

4:0. Distorted platelets, 
41. Deposit of stain on a red corpuscle • 
42. Vacuolated red corpuscle • 
(3. Yeasts on the slide . 
U. A protozoon on the slide from an extraneous souree . 
45. Pessary bodies, from destroyed red corpuscles. 
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When this cell is ruptured as it often is in spreading blood films, its cytoplasm 
i,, lost, and the loose open nucleus is ruptured and frays out into a basket-like net· 
work staiirlng rather faintly a dirty red colour. A similar disruption may occur in 
old polymorphonuclear leucocytes, leading to a similar but smaller ' basket-cell ' 
appearance. 

10. The Transitional Mononuclear Leucocyte • .....:.. This resembles No.9,· but the 
nucleus is more indented and not unlike that of the polymorphonuclear leucocyte. 
The nucleus is frequently horse-shoe shaped and takes a washed out violet shade 
of less intensity than that of the large hyaline mononuclear .. This cell is also 
frequently ruptured in spreading blood films, giving rise to a ' basket-cell' appear: 
· ance. - For all practical purposes the transitional leucocyte may be included with 
the large hyaline mononuclear leucocyte. · · 

Abnormal Blood Cells . . 
Turning first to abnormal red blood corpuscles, the red corpuscle may vary 

in shape, in size, and in its staining reactions. It may be distorted in shape
poikilocytosis ; or be unduly small-from 1 p. to 6 p., when it is termed a microcyte ; 
or tinduly large, 10 p. to 18 p., when it is termed a macrocyte. Where marked 
variation in size of the red corpuscles is present; the condition is termed 
anisocytosis. · 

With regard to its staining reactions, we may have achromia, characterised by 
pallor of the central portion of tl1e stained red cell, and in the fresh blood by a vacuo· 
lation in the centre of the cell. One has known students to mistake such,. vacuoles 
for malarial parasites. Immature red cells frequently show polychromatophilia, 
the stained cells taking on a brownish to a dirty-blue tint. Gramtlar basophile 
stippli11!J may be present in the form of blue-staining fine dots on the pink back· 
ground of the stained cell, and such basophile· stippling is found in many severe 
anremias, in the leukremias, in malarial cachexia, and above all in lead poisoning. 
This punctate basophilia may co-exist with polychromatophilia in the same cell. 
Diffuse basophilia is also commonly met with, the red corpuscles staining a diffuse 
uniform bluish tinge ; in this condition most of the red corpuscles stain the normal 
pink but a certain proportion of them take on the basophile tinge. Blood films 
from bats and from white rats show marked basophilia. 

A cell which is very characteristic of benign tertian malarial infections is the 
demilune reel cel"t.. This cell is the shadow-out-line, as it were, of an enormously 
distended, pale and redematous red corpuscle, and is in shape like the young crescent 
moon, the outer convex margin being smooth and even, but the inner concave border 
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The red blood corpuscle having been derived from a nucleated parent cell, 
remains of the nuclear apparatus may occasionally be encountered within it. These 
may take the form of small irregular fragments of chromatin, or Howell's bodies. 
Howell's bodies are spherical small masses of chromatin in the cytoplasm of varying 
size, taking on the violet stain of the chromatin. There are rarely more than two in 
the cell and the condition is often noted in blood which also shews punctate 
basophilia. Chromatin dust may also be present in a red corpuscle in the form 
of single or double tiny red granules, usually seen at the periphery of the cell 
and in size smaller than Howell's bodies. Cabot's rings are loops, and figures of 
eight, or irregular lines-apparently in the membrane of the r:ed corpuscle-which 
take a red stain. They are especially well seen in Oiemsa-stainecl films from cases 
of severe anremia. One has known them to be mistaken for relapsing fever 
spirochretes. 

Normoblasts, or nucleated red corpuscles, may be found in blood films from 
cases of anremia of any type. They are of the same diameter as the non-nucleated 
red corpuscle and have a large round, intensely staining nucleus, which stains an 
intense violet-almost black-tinge. The nucleus nearly fills the cell, and looks as 
if it was embedded in it. The cytoplasm of the normoblast stains pink, or, not 
infrequently, shews polyc1uomatophilic staining. The parent red cell or megalo
blast may also appear in blood films in cases of severe anremia. It is a celllO p. or 
more in diameter, with a nucleus which is irregular in shape, and not infrequently 
of trefoil shape. The nucleus is poorer in chromatin than that of the normoblast, 
stains less intensely, and has a less distinct outline. The nucleus frequently stains 
more deeply in some parts than in others. The cytoplasm of the cell takes a 
.Polychromatophilic stain. 

Turning to the abnormal leucocytes which may invade the peripheral blood 
stream, myeloblasts, which are the parent cells of the myelocytes, may occasionally 
be seen, and are characteristic of the blood in spleno-medullary leukremia. They 
are cells rather like the large lymphocyte with a round nucleus which occupies the 
greater part of the cell, and stains intensely. The nucleus frequently shews three 
or four nucleoli within it. The cytoplasm is non-granular and intensely basophile. 
The azure-staining granules so common in the large lymphocyte are not seen in this 
cell. 

The neutrophile myelocyte, which is the parent cell of the polymorphonuClear 
leucocyte, is seen in enormous numbers in blood films from cases of spleno-medullary 
leukremia, and occasionally in ·malarial cachexia. The cell is about 15 p. to 20 p. in 
diameter, and the nucleus is rounded or may be indented or horse-shoe shaped. 
The outline of the nucleus shews up very indistinctly and the nucleus, which is 
usually central in position, stains feebly. The cytoplasm contains tiny neutrophile 
·granules staining a faint pink. At times myelocytes may be encountered which 
shew both neutrophile and basophile granules in the same cell. 



CHAPTER IIl. 81 

The eosinophile myelocyte is the parent cell of the coarsely granular eosinophile 
leucocyte. It is also well seen in spleno-medullary leuka:lmia. It may be as large as 
a normal coarsely granular eosinophile leucocyte, but is frequently rather smaller, 
and may not exceed the diameter of a red blood corpuscle. The nucleus is central 
in position and rounded and the cytoplasm stuffed with large deeply brick-red 
l'!taining granules. 

The basophile myeT.ocytes are of two types, and are probably derived from the 
connective tissues and not from the bone marrow. They are cells which have a 
relatively small round nucleus shewing up indistinctly and stainintt feebly. The 
cytoplasm is stuffed with either coarse deeply blue-black staining granules, in the 
coarse} y granular type ; or with fine small blue-staining granules in the finely granular 
type. 

Endothelial cells or portions of them are very occasionally found in blood films, 
especially in the late stages of kala-azar. They are derived from the endothelial 
lining of the blood capillaries and appear as flattened cells with a flattened nucleus 
shewing a well marked nuclear network. 

The irritation cell of Turck j.s a cell which is derived from the spleen and which 
is frequently encountered in cases of malarial cachexia with enlargement of the 
spleen. It is a cell with a faintly staining, excentrically placed nucleus, usually 
rounded in shape. The cytoplasm stains an intense opaque blue, and is not infre
quently vacuolated. Tiirck's cells seem to vary a good deal in size, but as a rule 
are about the size of large lymphocytes, 

Lymphoblasts may occasionally be found in blood films, and are especially 
characteristic of the blood in lymphoid leuk'mmia. As a rule they are larger than the 
normal large lymphocytes and shew poorer staining of both nucleus and cytoplasm. 
In the forms with a single nucleus a spherical chromatin-staining dot is often seen in 
the cytoplasm of the cell and would appear to be a centrosome. Forms are also 
encountered in which the nucleus consists of two separate lobes which touch one 
another at one point-the Rieder's ceZZ. . 

Experience alone will teach the student how to recognise malarial parasites. 
A safe working rule is not to identify any suspicious form seen as a malarial parasite 
unless (1) it focusses with the margin of the red blood corpuscle; (2) it has a 
definite form and shape and outline ; (3) it shews red-staining chromatin and 
blue-staining cytoplasm. Further, anything doubtful is almost certainly twt 
a malarial parasite. Vacuoles into the outline of which the red of the stain has 
deposited ; platelets lying on the top of a red blood corpuscle ; and granules 
derived from broken down leucocytes lying in the same situation are po sibly 
the three findings most commonly mistaken by beginners for malarial parasites. 
One has also known distorted red corpuscles to be mistaken for malarial 
crescents. 

I 
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The Leucocyte Count in Malaria. 
At one· time great importance was attached to the value of the total and 

differential leucocyte count in the diagnosis of malaria, but with the increasingly 
common ·use of thick films in the diagnosis of difficult cases the leucocyte count 
has fallen into the background. Methods for carrying out the total and differential 
-count will be found in every text-book on clinical methods, so need not here be 
described. 

In carrying out the total count the blood should be diluted 1 in 20 with one 
per cent acetic acid; (the half per cent solution recommended in many text-books 
is a little too weak). If the ruled lines on the hremocytometer are faint they can be 
rendered distinct by very lightly rubbing its surface with a soft pencil and then 
dusting off the excess of graphite with a silk handkerchief. This practice is not 
recommended, however, as it may obscure details. The acetic acid solution should 
always be freshly filtered before use, in order to free it of any suspended matter. 
At least three counts, each of the total n1nnber of leucocytes present in the total 
square ruled area of the hremocytometer should be made, and the average taken. 
An Ehrlich square ocular is very useful in doing such counts, as the eyepiece can be 
so adjusted as to exactly correspond with the size of the squares. 

In general one. tends to get leucoprenia in association with malaria. Within a 
few hours of the onset of an attack the total leucocyte count has fallen to between 
3,000 and 5,000 per em., and the ratio of white corpuscles to red corpuscles changes 
during the apyrexial interval from the normal of about 1 to 500 to perhaps 1 to 900. 
It is important to remember, however, that sometimes in the course of the disease 
there may be an increase in the total number of leucocytes. For example, a true 
leucocytosis is by no means infrequent during the very early stage of an ordinary 
acute attack (especially in malignant tertian infections) and for a longer period in 
pernicious cases while the fever is rising. D. Thomson (191la, 1912) has studied 
very thoroughly the leucocyte changes which occur in cured malarial patients ; he 
finds that there is a daily leucocytosis at about midday or at the period of the day 
when the patient was previously l1aving rigors. The leucoprenia of malaria is not 
as severe or prolonged as that of kala-azar. 

The total leucocyte count is of some value in the prognosis of malaria. The 
reduction takes place essentially in the number of the polymorphonuclear leuco
cytes, and should any acute inflammatory state set in during the malaria such as 
pneuril.onia or acute sepsis, the patient's resistance to it will be reduced in 
proport~on to the degree of leucoprenia present. 

In carrying out the differential leucocyte count, one should never count less 
than a total of 250 ce1ls, and 500 is better. The simplest way of recording results 
is to use squared paper with an enclosed space of 250 or 500 squares markerl on it, 
so that one knows mechanically when one has come to the end of 250 or 500. Or if 
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squared paper be not availa.ble, a rapid method of record is as follows. Mentally 
keep a tally of the polymorphonuclears in fifties, and recor;l every other type of 
leucocyte encountered, using the symbols M =mast cell, P=-= polymorphonuclear, 
E = eosinophile, L = lymphocyte and small mononuclear, and H = large hyaline 
or transitional mononuclear. Thus an actual count read as follows :-

p 50+50+50+31 
L.L.H.L.L.L.E.H.H.H.L.H.B.L.H.L.L.H.L.E.E.L.L.L.L.H.II.L.L.L.H.L.L.H. 

H.H.II.H.H.L.L.L.L.H.L.H.E.H.H.L.E.L.L.E.H.H.L.H.L.L.L.H.H.H.M.L.L.H.H. 
in a chronic case of benign tertian infection. Now add up ; thus the above count 
gives M 1 : E (i : L 33 : H 29 : P 181. In order to get the percentage from 250 
cells multiply by 0·4 ; thus the above count gives. 

Mast cells •• 
C. G. Eosinophiles 
Polymorphonuclears •• 

Per cent .• 
0•4 
.2•4 

72·4 
13•2 
11•6 

Lymphocytes and small mononuclears 
Large hyaline mononuclears and transitionals 

D. Thomson (19lla) has shewn that the percentage of mononuclear leucocytes 
present hour by hour during an attack of malaria gives a curve which is exactly the 
inverse of the temperature chart; during the rigor and at the height or' the fever 
the percentage is at its lowest, during the afebrile period i1t rises again •. Further, 
this fluctuation in the mononuclear count may persist for weeks and perhaps even 
months after the patient has been cured by quinine. 

As a rule during the febrile phase the percentage of large mononuclears is from 
10 to 15. Stephens and Christophers (1904) state that a figure of over 15 per cent 
(in the absence of kala-azar) is diagnostic of malaria, whilst if 20 per cent be encoun
tered (in the absence of kala-azar) further search of the films will usually shew 
malarial parasites. Knowles (1920) contrasts_ the leucocyte findings in ~ala-azar 
and malaria. as follows :-

Totalleucocyt.e count 

Leuoopamia 

KaJa.aza.r. 

Usually under 3,000. Between 3,000 and 5,000, 

Constant and progreso Fluotuating. 
sive. 

Percentage of large mononuclear& in the 
differential count • • • • 20 per oent or more. 10 per oent to 16 per cent. not 

usually over 20 per cent. 

Percentage of polymorphonuc!O&I'II UsuaU, less than 60 per Never lees than 50 per oent I oent. 
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D. Thomson (1911), on a most careful examinatiou of the whole question of 
the leucocytes in mal&.ria, comes to the following conclusions :-

(1) Fever plus leucocytosis plus an increased percentage of polymorphonu
clears is not malaria. It may be sepsis. 

(2) Fever with leucoprenia and a large hyaline mononuclear increase-e.g., 12 
per cent to 15 per cent-(in the absence of kala-azar) is strong confirmatory 
evidence o£ malaria. 

{3) A persistently high large mononuclear percentage with from time to time a 
leucocytosis should arouse the suspicion of malaria. . 

(4)- Leucocytosis per se does not necessarily exclude m:alaria. 

Pigment-Bearing Leucocytes. 

The finding of large mononuclear leucocytes containing ingested hromozoin pig
ment is proof that the patient is infected with malaria. Indeed, it usually happens 
that when grains, rods or blocks of hremozoin pigment have been found within 
such a cell, further search of the film results in the discovery of a parasite. But t.he 
observer must be certain that it is true malarial hromozoin pigment, and not some
thing else. Dust may simulate it, but dust on focussing is seen to be obviously upon 
and not within the cytoplasm of the leucocyte, whilst it will also be present outside 
the cell as well. It is not at all uncommon to find tiny grains of chromatin in the 
cytoplasm of the large hyaline mononuclears and these must not be mistaken for 
hremozoin. As a rule when there is pigment present in a large mononuclear, there 
is a good deal of it, the presence of only a few grains or of a single granular clump 
being exceptional. The pigment is either yellow-brown or brown-black and, as a 
rule, is very characteristic (Plate IV, figs.13, 14). 

Spleen Puncture in Malaria. 

Spleen puncture may be resorted to in malaria under two different conditions 
for purposes of diagnosis, and is a perfectly safe procedure, for the hard fibrotic 
spleen in malaria is less likely to bleed than the rather softer spleen of kala-azar. 

(a) In cases of suspected malignant tertian malaria, it sometimes happens that 
parasites cannot be found in the peripheral blood. Under such circumstances 
if the patient has an enlarged spleen, if the spleen be punctured and films of the 
spleen juice be prepared and stained, large numbers of red corpuscles containing 
parasites at every stage of schizogony will be found, together with macrophages 
and endothelial cells loaded with hromozoin pigment, and free hromozoin pigment 
lying between the cells. 

(b) In cases of chronic and relapsing malaria, where the diagnosis cannot be 
confirmed by other means ; e.g., by examining thick films, or by cultural methods. 
These are especially associated with the benign tertian parasite. In films from such 
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cases one finds (a) malarial pigment, both free and phagocytosed; (b) parasites in 
process of destruction lying in the intercellular spaces (vide p. 49). 

In carrying out spleen puncture, the procedure should be as follows. The 
patient shoul•l be made to lie flat on his back in a comfortable position with his hands 
behind his head. For the puncture a Roux's 2 c.c. or 5 c.c. syringe is far preferable 
to any other pattern of syringe. (Roux's syringes may be obtained from the Central 
Research Institute, Kasauli; the Haffkine Institute, Bombay; or from Messrs. Collin 
Freres, Paris). The Roux syringe gives good strong forcible aspiration, whilst 
all its parts are replaceable and can be renewed. The syringe should be fitted 
with a rather fine and sharp hypodermic needle. The syrii:tge must be sterile and 
dry, since the presence of water mit will hremolyse the parasites. An assistant. 
fixes the enlarged spleen upwards against the costal margin and diaphragm. The 
skin over the most prominent part of the spleen is next sterilised. Dr. Napier 
advocates two movements in doing the puncture: (a) to pierce the skin, and then 
wait a second or two, &IJd then (b) to enter the spleen; but the writer has 
always performed the puncture in one movement straight into the spleen. The 
sensation of resistance when the needle enters the spleen is unmistakable. 

Once one knows that the needle has entered the spleen, make strong steady 
aspiration with the plunger of the syringe, anti then sharply withdraw the needle 
and syringe from the spleen., It does not matter whether blood enters the body of 
the syringe or not, since there is always sufficient spleen pulp in the bore of the 
needle for the preparation of two or more good films. 

The patient should be kept lying down for two hours after spleen puncture, 
and his pulse examined before he is allowed to depart. If desired, an abdominal 
pad and binder may be applied. 

The CuUural Diagnosis of Malaria. 

Culture is one of the best methods of discovering malarial parasites in difficult 
and obscure cases of malaria ; but, as with thick films, so here, it demands the most 
meticulous care and accuracy in technique. The best method is the modification 
by J. G. and D. Thomson (1913, 1913a) of Bass' original technique. It is as 
follows:-

Ten c.c. of blood is withdrawn into a sterile syringe from the patient's vein, 
and carefully ejected into a sterile test tube containing 0·1 c.c. of a 50 per cent 
sterile dextrose solution in distilled water. (The dextrose solution is sterilised by 
steaming daily for 20 minutes for three days.) Care must be taken in transferring 
the blood to the test tube that no air bubbles form. The blood is next defibrinated 
by gently stirring it with a sterile wire or glass rod, which is then \\ithdrawn with the 
adherent clot. The defibrinated dextrose-containing blood is next transferred to a 
series of small sterilised test tubes not less than 1·25 centimetres in width and not 
less than 12·5 centimetres in depth. A quantity of blood giving a depth of 2·5 to 
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5 centimetres is run into each tube, so that when it settles there will be a column 
of clear plasma 1·25 to 2·5 centimetres deep above the blood cells when they have 
gettled to the bottom of the tube. The tubes are incubated at a temperature of 
40°0.; (Sinton, however, recommends a temperature of from 35° to 38°0.). The 
parasites live and develop in the red blood corpuscles at the top of the column of 
deposited cells just below the clear plasma in a layer of cells of from 0·05 to 0·1 
centimetre thick. All parasites below this layer die off in from 2 to 20 hours. 

In order to examine the culture carefully aspirate off a tiny drop of the upper
most layer, spread into a film, fix and stain, and examine. 

In order to obtain a sub-culture, the procedure must be different. Wenyon 
(1926, p . .l306) gives the following method. ' The defibrinated glucose-blood must be 
centrifuged at a speed sufficient to cause the leucocytes to occupy the upper layers 
of the deposit, so that red cells free from leucocytes can be obtained. The super
natant serum (plasma) is then transferred to culture tubes which ar.e better if they 
have flat bottoms. The column of serum in each should be from 1·25 to 2·5 centi
metres in depth. A pipette is passed into the middle of the deposit in the centrifuge 
tube and red cells and parasites are drawn off. These are transferred to the bottom 
of the culture-tube. By this technique the presence of leucocytes, which devour 
the merozoites as soon as they escape from the red blood corpuscles, is avoided. 
The young parasites will enter red cells and again grow into schizonts. It has only 
been possible to conduct the parasites through three generations, after which they 
cease to grow and die.' 

Row (1917) has given a method for the cultivation of malarial parasites from the 
finger blood. The blood is drawn from the sterilised surface of the finger into a 
small tube, in which it is defibrinated. The small quantity of defibrinated blood is 
then transferred by means of a pipette to a small, flat-bottomed tube containing 
serum to which the requisite quantity of dextrose has been added. The small 
tube is placed inside a larger tube-such as the ordinary bacteriological potato
tube-provided with a constriction on which it rests. Into the bottom of the 
potato-tube a quantity of pyrogallic acid is placed before the small tube is inserted. 
After the small culture tube has been inserted, 2 or 3 c.c. of a 10 per cent solution of 
caustic soda is run into the bottom of the large tube, to mix with the pyrogallic acid, 
and a rubber cork is inserted into the open end of the tube (1922, 1922a) which 
must be corked tightly. The pyrogallic acid and soda solution absorb the oxygen 
so that the culture takes place in a relatively anaerobic environment. 

Sinton (1922, 1922a) carries out culture of malarial parasites from the finger 
blood in a specially constructed glass tube about 20 ems. in length (Fig. 16). 
It is made as follows. Take glass tubing having a bore of 0·4 to 0·5 em. Draw one 
end out as in making an ordinary capillary pipette (A), place a narrow metal ring 
over the thin drawn out portion whilst it is still molten, and by pressing upwards 
produce a flat surface (B), from the centre of which the thin drawn out tube arises 
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(A). The tube is now heated a short distance above the flattened surface, and 
drawn out till it forms a tube about 0·2 em. wide (S). A bulbous part with a flat 
bottom (B) is thus left between (A) and (S). At the upper portion of (S) a slight 
constriction is made (C), whilst about 0·4 to 0·5 em. higher up the tube is again 
heated, and an indentation made on each side by pressing inwards on the softened 
glass with the point of an iron nail (D). Three glass beads (E) are then dropped 
into the upper portion of the tube (M), and come to rest above the indentation 
(D). The upper end of the tube is then bent, drawn out and bent, as in a 
Wright's capsule (X). Bo_th ends of the whole tube are then sealed and the 
apparatus sterilised. 

When culture is to be made, the tube· is opened at both ends. The upper 
capillary end is heated in the flame of a spirit lamp and turned to a right angle (Z) 
to the plane of the rest of the tube, so that the whole will lie on a table with the open 
upper end pointing upwards. A Wright's capsule containing ascitic or hydrocele 
fluid to which 1·5 c.c. to 2 c.c. of 50 per cent sterile dextrose solution has been added 
per 100 c.c. is taken and opened (7). The open upper end of the tube is inserted 
into the capsule of ascitic or hydrocele fluid and the chamber (M) allowed to fill one
third to one-half full of the fluid by capillary attraction. The patient's finger is 
next carefully sterilised, and deeply pricked. With the arm hanging down to pro
mote the flow of blood from 5 to 10 large drops of blood are taken into the chamber 
(M) by capillary attraction (8). The chamber (S) and bulb (B) are now heated to 
expel the air from them, and the capillary end at (A) sealed off. As the heated air 
in this chamber cools, the mixed ascitic fluid and blood is drawn into the chamber 
(M) containing the beads. The capillary end (Z) is now sealed. The tube is now 
shaken backwards and forwards so that the blood is defibrinated by the beads. 
When defibrination is complete, take the whole apparatus in the hand, with the 
chamber (B) furthest away and swing it round and round two or three times at the 
end of the extended arin. This drives the defibrinated blood mixture into chambers 
(S) and (B). A few minutes are allowed for the blood to settle, and the tube is 
then heated, drawn o1,1t at constriction (C), and sealed o:ff. The culture tube thus 
obtained is set vertically in plasticine and incubated at_ 35° to 38°C. (9). The red 
corpuscles settle down on the flat shelf in (B), and the parasites grow here. In order 
to examine the culture, this layer is aspirated o:ff by a capillary pipette. 

Sinton was successful in 50 per cent of his earlier attempts at culture by this 
~ethod, but as technique improved he obtained successful cultures from all bis 
last 12 cases of P.falciparum infection. 



CHAPTER IV. 

NOTES ON THE TREATMENT OJ!' MALARIA. 

IT is a little difficult at this period of time to discover the reasons which led 
to the universal use of quinine salts in the treatment of malaria, in preference to 
the use of the other alkaloids contained in cinchona bark. According to Sir 
Leonard Rogers (1910), the following periods may be traced in the history of the 
treatment of malaria in India :- · · 

(a) 1657 to 1804. The use of cinchona bark by ships' surgeons who visited 
India,-notably Bogue (1657), James Lind (1765), John Clark (1768), and William 
Hunter (1804). · . , 

(b) 1804 to 1847. A period during which-largely owing to the influence of 
James Johnson (1804)-the cinchona treatment of fevers was entirely abandoned, 
and a course of treatment by violent purging, mercury administration in excessive 
doses, and copious venesection was resorted to. As much ·as 800 to 900 grains 
of calomel were given during a single attack of fever ; the Presidency General 
Hospital, Calcutta, used 13,337 grains of this drug in a month, and necrosis of 
the jaws from mercurial poisoning was of frequent occurrence. . 

(c) During this interval, quinine alkaloid was discovered in 1820 by Pelletier 
and Caven ton, but the so-called 'quinine.' of those days was rather the sulphate 
of all the crystallisable alkaloids of cinchona than pure~quinine sulphate. In 1828 
James Annesley not only used this' quinine' sulphate in the treatment of malaria 
but also advocated the use of mosquito nets as a preventative. Corbyn in 1834 
was also one of the early pioneers of quinine therapy, whilst Edward Hare 
resorted to it in malaria. The publication in 1847 of Hare's pamphlet On the 
Treatment of .Ma.Zaria and Dysentery led to an .official investigation of quinine 
therapy by. the Calcutta Medical Board, lasting for one year, and the routine use of 
' quinine • sulphate in malaria became the established order of the day. 

It will thus be seen that the use of ' quinine • sulphate came to replace that 
of cinchona bark almost accidentally. The bark treatment disappeared during the 
period 1804 to 1847; and when re-introduced in 1847, it was in the form of adminis
tration of ' quinine • sulphate. In 1866 the. Madras Cinchona Commission was 
appointed, to test the relative merits in the treatment of malaria of the clliierent 
alkaloids of cinchona-several of which had by then been isolated. The plan 

( 89 ) 
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adopted was to distribute the different alkaloids to different civil surgeons and 
collate their reports. No control microscopic observations were possible, as the 
malarial parasites were not discovered until 1881 to 1890, and the repnrt rested 
on a purely clinical basis. Even so, it is difficult to understand how the Commis
sion came to advocate quinine in preference to quinidine, for their results with 
the latter drug were distinctly better than those with quinine. Apparently they 
considered that when once pure quinine sulphate should become available, the 
ideal cure for malaria would be found. 

Passing over the intervening years, during which quinine was regarded as the 
one and only specific for malaria., we come next to the work of :MacGilchrist (1914 
to 1916). His observations were made on jail prisoners, and the therapeutic 
activity of each alkaloid was tested by measuring the time that elapsed between 
the administration of the first dose of the alkaloid and the disappearance of asexual 
forms of the parasites from the peripheral blood. He placed the alkaloids in the 
following order of anti-malarial efficacy:-

1. Hydroquinine hydrochloride. 
2. Cinchonine sulphate. 
3. Quinine sulphate. 
4. Quinidine sulphate. 
5. Optochin hyclrochloride. 
6. Cinchonidine sulphate. 
7. Quinoidine. 

Further, with regard to the five chief natural cinchona alkaloids-quinine 
quinidine, cinchonine, cinchonidine and quinoidine-the results in 'Vitro upon 
free-living infusoria corresponded with the results in vivo upon cases of 
malaria. 

Acton (1920) f01md that the dextro-rotatory cinchona alkaloids (with the 
exception of cinchonine) are more toxic to Parammcium cauda.tum than are their 
lcevo-rotatory isomerides. The order of toxicity was as follows :-

1. Ethyl-hydro-cupreidine. 
2. Optochin; (ethyl-hydro-cupreine). 
3. Quinidine. 
4. Cinchonidine. 
5. Quinine. 
6. Cinchonine. 

The corresponding hydro-alkaloids were slightly less toxic to Paramrecium 
than were the natural alkaloids. Further, the degree of alkalinity of the environ
ment is of very great importance. The minimum lethal concentration-i.e.; the 
lowest concentration necessary to kill every individual in a standard dose of Para
mrecium culture-varies with the. hydrogen-ion concentration. At a pH of 7 it 
was 1 in 10,000 for quinine and 1 in 20,000 for quinidine; whereas at a pH of 8 
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it was 1 in 70,000 for quinine and 1 in 100,000 for quinidine. Both experimentally 
when acting in vitro upon Paramrecium, and clinically in vivo when administered 
to cases of benign tertian malaria, quinidine proved itself a far more potent alkaloid 

· than did quinine. · · 
Of these alkaloid.s, cinchonine and quinoidine ~re liable to cause vomiting, 

whilst optochin (ethyl-hydro-cupreine) tends to cause optic atrophy. Cinchonidine 
is the weakest of the natural alkaloids of cinchona bark, and S. P. James (1922) 
sums up the situation by saying that the decision as to which alkaloid it is best 
to employ rests between hydroquinine, quinine and quinidine. The same author 
also quotes Morgenroth, Giemsa. and Werner, and Baermann as reporting that 
hydroquinine is superior to quinine in anti-malarial efficacy. 

A most important point in the treatment of malaria is that it shall be conti
nuous. In malaria there is some evidence of acidosis in the blood, according to 
Sinton (1924) ; and the pH of the blood· is probably reduced. To kill off all · 
parasites by a single dose of quinine or other alkaloid, therefore, it would theoreti
cally be necessary to reach a· concentration of the alkaloid in the blood stream 
of something like 1 in 8,000, and this is impossible. After the ingestion of a single 
dose of 20 grains of quinine sulphate Acton found the maximal concentration of 
quinine in the blood to be only 1 in 150,000; and after a single dose of 10 grains 
to be only 1 in 250,000. Again, in whatever form quinine be administered, it 
circulates in the blood as quinine base ; and is present in the plasma, adsorbed 
on to the surface of the erythrocytes, but not within them. Hence such parasites 
as have become intra-cellular escape its action. . For all of these reasons, and as 
the clinical experience of many decades has shewn, to be efficacious the cinchona 
treatment of malaria must be continuous, and a concentration of som~ 1 in 150,000 
or 1 in 250,000 in the blood must be maintained over a period of at least three weeks. 

In the clinical application of these findings to treatment, we may accordingly 
lay down the following principles :-

(1) The administration of the alkaloid must be continuous over a period of 
one week according to Sinton (1923), or three weeks according to Acton and 
Knowles (1924). 

(2) Its administration should be so timed that it reaches the blood stream 
at the moment when the latter is at its most alkaline tide. Experimenting with 
fed and starved cats, Acton and Chopra have found that the portal blood 
stream reaches its most alkaline tide some 2! hours after a meal. 

(3) The alkaloid should always be administered together with alkalies. It is 
not possible experimentally to appreciably increase the pH of the blood stream, 
since the oxygen-carbon-dioxide interchange in the lungs, together with the defen
sive hepatic metabolism, tend to keep this at a very constant level. On the other 
hand alkalies tend to increase the absorbing power of the intestinal mucosa, and 
the chief absorption of the cinchona alkaloids takes place in the small intestine, 
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( 4) It is· very far from certain that quinine is the best alkaloid of cinchona 
to use. Both quinidine and cinchonidine are more efficacious with regard to anti
malarial power. 

Sinton's Methoil. 

Probably the best standard treatment for malaria to-day is that advocated 
by Sinton (I923). The total number of patients treated in connection with his 
paper was 336, and they received from 110 to 2IO grains of quinine with alkalies 
within one week, and were under observation for eight subsequent weeks. Of these 
cases only 2 shewed malarial parasites in their blood at the end of treatment, as 
compared with 20 in the control series treated with ordinary quinine mixture. 
The chief drawback to Sinton's method is that it involves the administration of 
six doses of medicine a day, and strict adherence to a set time table. Sinton's 
treatment is as follows :-

1. The diagnosis of malaria having been confirmed by finding m~larial para
sites in blood films taken from the patient, he is first given an aperient, 3 grains 
of calomel, followed by 1 oz. of magnesium sulphate dissolved in an equal amount 
of warm water. This preliminary purgative is always advisable, or even necessary, 
in the treatment of malaria. If there is nausea or vomiting present, the calomel 
can he given in small, divided, and· repeated doses, with sodiwn bicarbonate, or 
adrenalin given in 5 to I5-minim doses in water to check the vomiting. 

2. The two mixtures used are as follows :- · 
(a) Alkaline Mixture*. 

Sodium bicarbonate 
Sodium citrate 
Water to 

(b) Quinine Mixture. 
Quinine sulphate 
Citric acid 
Magnesium sulphate 
Water to 

60 grains 
40 grains 
I oz. 

IO grains 
30 grains 
60 grains 
I oz. 

3. Treatment is commenced the morning after the case has been diagnosed 
to he malaria. One dos~-i.e., I oz.-of the alkaline mixture is given at 7-30 a.m., 
repeated at 9-30 a.m., and again at 11-30 a.m. Fifteen to thirty minutes 
after the last dose of alkaline mixture one dose-i.e., I oz.-of the quinine 
mixture is given. At 6 p.m. a further dose of the alkaline mixture is given, 
followed fifteen to thirty minutes later by a second do~e of quinine tnixture. 

For the next four days one dose of alkaline mixt-qre is given thrice daily-at 
7-30 a.m., 11-30 a.m., and 6 p.m., followed on each occasion hy I oz. of the quinine 
mixture fifteen to thirty minutes after each dose of alkaline mixture. 

• This mixture is not a. solution, and the bottle must be well eha.ken before the a.dmini~tra.· 

tion of each dose. 
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For the remaining two days of the week one dose of the alkaline mixture is 
given each morning and afternoon, followed fifteen to thirty minutes later by one 
dose of the quinine mixture. 

In seven days the patient thus receives a total of 180 grains of quinine in 
solution. In the case of women or where there is much gastric disturbance each 
dose of the alkaline mixture may be replaced by a mixture containing 2 drachms 
of sodium citrate in 2 ozs. ·of water, taken slowly. In cases with much vomiting 
it may be necessary to give a dos~ of tincture of opium before treatment. In 
severe cases a dose of alkaline mixture followed by 1 oz.:. of quinine mixture 
fifteen to thirty minutes later may be given at once without waiting for the effect 
of the purgative, but in these cases the alkaline treatment should be continued 
in the intervals between the doses of 'qu.iillne .until the urine becomes alkaline. 

In severe cases of malignant tertian malaria, the amount of sodium bicar
bonate in the alkaline mixture may be increased to 90 grains, dissolved in 2 ozs. 
of water. 

With this treatment Sinton claims that only 28 per cent of cases of. benign 
tertian malaria relapsed, as compared with a relapse incidence of 40 per cent in 
those treated with stock quinine mixture; whilst in cases of malignant tertian 
malaria the relapse rate with Sinton's met.hod. 'was 15 per cent as against 79 per 
cent for those on stock acid quinine mixture. 

In cases of chronic and relapsing malaria, Sinton advocates giving repeated 
courses, each of one week's duration and accordhig to the above time table, with 
intervals between them, rather than a long continued course of quinine. 

Quinine plus .A.lk~lies in one prescription. 

Whilst Sinton's method is probabiy to-day the best standard treatment for 
malaria, it is hardly suitable for out-patients. In the QUt-patient department of 
the Calcutta School of Tropical Medicine, the following routine prescription is in 
use:-

~ 
Qu.ininm sulphatis 
Pulv. acidi citrici • 
Magnesii sulphatis 
Spiriti anisi 
Syrupi simplicia l aii. 
Aquam I 

10 grains 
20 grains 
10 grains 
10m. 

l oz. 

Of this mixture 1 oz.-containing 10 grains of qumme in solution-is given 
three times a day two and a. half hours after food on an absolutely empty stomach 
for one week. The dose is then reduced to 1 oz. taken two and a half hours 
after food twice a. day, and continued ~or a further two wee!rs. 
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The rationale of this prescription may now be considered. 
(1) Quininre sulphatis, 10 grains. 'From the numerous experiments conducted 

during recent years, it would appear that quinine in doses of less than 20 grains 
daily (for an adult) has no curative effect in malaria' (Sinton, 1923). 

(2) Pulv. acidi citrici, 20 grains. This is to secure solution of the quinine. 
It is converted into carbonates in the gut, and thus may help to slightly raise the 
pH of the portal blood stream in which quinine acts, and to assist in its·absorption 
from the gut. 

(3) Magnesii sulpha tis, 10 grains. Opinion is unanimous that aperients should 
always be exhibited in the treatment of malaria. If the continued repetition of 
this dose of magnesium sulphate leads to diarrhooa or gastric disturbance, however, 
it can be omitted from the prescription. 

(4) Spirit anisi, 10m. It is almost impossible to disguise the taste of quinine, 
but this flavouring seems to be the best available. 

(5) Syrupi simplicis, ! oz. This is added on the advocacy of Bishop (1924). 
Sinton and Hughes (1924) have shewn that in malaria there is a deficiency in the 
glycogen of the liver, and the administration of glucose is thus indicated. 

Owing to the impossibility of following up Indian patients after their discharge 
from h.ospital, it has not been possible to collect figures as to the efficacy or 
otherwise of this standard line of treatment. It is much to be desired that medical 
officers in charge of troops or of jails who have a controlled population under them 
and can trace the after-histories of their patients should try this or some similar 
line of treatment, and publish their results. 

Cinchona Febrifuge plus Alkalies. 

Quinine is an expensive drug, its present retail price on the market being 
Rs. 19 per lb.* Cinchona febrifuge is much cheaper, its present market price being 
Rs. 12 per lb. Further, ;ts shewn by Acton and Knowles (1924) it is as efficacious 
in the treatment of malaria as quinine. According to MacGilchrist (1915), and 
Fletcher (1923) the composition of Indian and of Java cinchona febrifuge is respec
tively as follows:-

Indian fe ~rifuge. Java febrifuge. 

Quinine 7·4 11•5 per cent. 

Quinidine 22·83 5•0 

Cinchonine 18·58 26·3 " 
Cinchonidine -5·84 20•0 

" 
Uncrystallisable alkaloids, ash, etc. 43·35 37·2 " 

• The prices quoted have been given by Messrs. Howa1ds and Sons' rl'presentative, and are 
lower than the retail pri~s in the baz:\ar. 
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Now it has been shewn by Acton (1921) that both quinidine and cinchonidine 
are more toxic to Paramrecium caudatumr-and presumably to malarial parasites
than. quinine. _ Hence in using cinchona febrifuge it is ·better to prescribe the 
Indian febrifuge rather than the Java febrifuge, since its content of quinidine is so 
high ; also its content of cinchonine-:the chief factor in producing vomiting after 
the administration of cinchona febrifuge-is lower than that in the Java febrifuge. 

For out-patient work, where cinchona febrifuge is prescribed in place of quinine, 
it may be given as follows :-

R 
Cinchona febrifuge (Indian) 
Pulv. acidi citrici 
Magnesii sulphatis 

10 grains -
20 grains· 
20 grains 
10m.· 

l oz. 

Spiriti anisi 
Syrupisimplicis} ia 
Aquam 

Dose : 1 oz. t.d.s. two ;nd a half hours after food for one week • ; then 1 oz. 
b.d. two and a half hours after food for a further two weeks. 

As a rule this prescription is well tolerated, if given at the right time, two and a 
haLf hours after food and on an empty stomach. Occasionally, however, it may cause 
nausea and even vomiting. This is very liable to occur when mass routine treat
ment of a working population is bt:ing attempted. Treatment can only be given 
after the day's work is over, when the average Indian is either· cooking, or consum
ing, or has· jlL'>t consumed a meal. ·It is impossib~e to return to a household so 
engaged, and equally difficult to wait until say 8 p.m., when all have finished eating 
sufficiently long, as the majority are then asleep. In railway work, where men 
are going on and off duty at all hours, the difficulties are intensified. In suclt 
cases, it is probably better to give cinchona. febrifuge pills, which necessarily 
dissolve more slowly. The Chief Medical Officer, Eastern Bengal Railway, recom
mends as a standard rule in quinine salts administration the exhibition of gr. ii 
of sodium bicarbonate for each grain of quinine salts prescribed. A dose of m. 15 
of 1: 1000 adrenalin in water, or! m. of tincture of iodine in water may be given 
before the cinchona febrifuge in order to check vomiting, or, if necessary, a dose 
of tincture of opium. · 

Fletcher (1923) sums up his experience with cinchona febrifuge as follows :
' (1) Many preparations of different alkaloidal strength are being sold under 

the name of cinchona febrifuge. Its constitution should be legally defined. 
(2) The sample which we employed in the treatment of forty-two cases of 

malaria. proved therapeutically as efficient as quinine, when given in doses of ten 
grains twice a day. 

• This may be found to be too much for delicate or Wt"akly individuals, and the dose may have 
t.o be give11 b.d. ia~tea:l of~t.d.s. 
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(3) In doses of ten grains twice a day it is not more toxic than quinine 
sulphate. 

(4) Quartan gametocytes are more resistant than trophozoites to the action 
of cinchona alkaloids. 

. (5) Quartan malaria is not so prone to relapse within three weeks after treat-
ment as benign tertian.' 

Quinidine Sulphate. 
Quinidine sulphate has been advocated by Acton (1920) in the treatment of 

malaria as being more parasiticidal than quinine. Unfortunately its price is high, 
Rs. 32 per lb. Also it may have a toxic action on the heart. On. the other hand 
it is a drug which is of special value in chronic and relapsing benign tertian malaria. 
In such cases, before prescribing it, the practitioner should make sure th.at the 
heart is sound. Quinidine should be given iD: doses of not more than 5 grains 
t.d.s., together with citric acid, etc., as in the above prescriptions for quinine 
and cinchona febrifuge. 

Rules in the Treatment of Malarial Oases. 

Quinine being a very expensive drug, it is frequently adulterated, or the pres
cription not made up to the strength prescribed. The practitioner should make 
certain:-

(1) That the quinine prescription is up to full strength. 
(2) That the patient swallows and retains every dose prescribed, and that he 

omits not a single dose of the standard course given. · 
(3) That he is absorbing the quinine into his system. 
To make certain on points (1) and (3) certain elementary laboratory tests 

· can be applied. 

I. Is the quinine prescription up to full strength? 

Colonel Proctor, r.M.s., informs the writer that, on examining the stock quinine 
mixture in four dispensaries under his charge he found that in three the stock 
mixture only contained 5 grains to the ounce instead of 10, whilst in the fourth the 
mixture only contained 3 grains to the ounce. This is typical of what goes on 
all over India. · 

To apply a simple clinical test on this point the following method is recom-
mended by Sinton (1925a). · 

1. Prepare Tanret's mocH:fication of Mayer's reagent as follows. Dissolve 
1·35 grammes of mercuric perchloride in 75 c.c. of water and 5 grammes of potassium 
iodide in 20 c.c. of water in a 100 c.c. measuring flask. Pour the mercuric solution 
into the iodide solution, gently shaking the flask to agitate the liquid, and then 
fill up with distilled water to the 100 c.c. mark. 
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2. Heat a portion of the quinine solution to exclude the presence of albumin. 
If albumin is present it must be removed before testing the solution. If albumin 
is present acidify with acetic acid, bring to the boil, and filter the solution before 
test. 

3. Take 4: c.c. of the quinine solution-freed from albumin-place it in a 
flask, and dilute with distilled wat.er to 250 c.c. In one of the special spare tubes 
pro,•ided with each set of Brown's opacity tubes for vaccine preparation * place 
one volume of the quinine solution. Add to it one volume of Tanret's reagent, 
and shake well. The solution will become more or less opaque. 

4:. Match the opacity with Brown's tubes. This is done by taking the tube 
under test in turn \'lith each of the standard opacity tubes, and 'laying the tubes 
side by side in a good light, upon some clearly printed book. The lighting must 
be equal in the two cases. The opacity of the two suspensions can then be readily 
compared by rolling the tubes from side to side, and raising them slightly from the 
surface of the print.' · 

5. Brown's tubes are numbered from 1 to 10, and Sinton states that these 
nWJ?.bers may be taken to represent the n.umber of grains per ounce in the quinine 
solution under test. A quinine solution containing 10 grains of 'lu~e to the 
ounce should shew an opacity of 10. · 

6. As a control to the test a fresh solution of 10 grains ofquinine to the ounce 
should be made up and tested at the same time. 

7. If the solution is weaker than 10 grains to the ounce, ~olutions of different 
strengths cau be prepared from the control solution by diluting it, and the tests 
repeated until a match is obtained. 

2. Retention of the dose by the patient. 
If th~ medical practitioner is to be successful iii the treatment of his malarial 

patients, it is of the utmost importance that he must see that every dose of quinine 
prescribed is taken and retained by the patient, and not leave the administration 
to compounders or assistants. Any one of many causes may lead to the omission· 
of one or more doses. The patient may vomit the dose ; he may absent himself 
from the ward at the time a. dose is due ; and, as quinine is an unpleasant drug to 
take, he cannot be truste•l to carry out the full treatment by himself. MacGilchrist 
(1915) treated 149 cases of malaria in the Presidency Jail, Alipore, personally 
seeing to it that every patient took every dose prescribed ; there was not a 
single case of relapse in his series. D. Thomson (1917) at the Liverpool School 
of Tropical Medicine between 1910 and 1913 treated 200 cases of malaria, 

• Brown'• opacity tubes are available from the Dii'E'ctor, the Central &e-l'('h Inatitu~ Kasauli; 
or they may be prepared from the instructions given by Brown (JIIdW. Jovnal oJ Medical R...,.rdt, 
1919, VoL VII. No. l, p. 3'3). 

g 
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examining some 30 films from each patient during the course of treatment ; in 
only one instance were parasites discovered after the first few days of treatment, 
and in this case there was some doubt as to whether the patient had taken the 
quinine prescribed for him. · Fletcher (1923) investigated 8 cases of malarial relapse 
amongst convalescent soldiers at Southampton, and 44 ' quinine resistant ' cases 
at Kuala Lumpur. In every single instance investigation shewed that the ' quinine 
resistance' was due to the quinine prescribed not having been swallowed-or, in 
a few instances, to the quinine having been adulterated. Glennie, Municipal 
Health Officer, Singapore, found that 50 per cent of the quinine on sale at some 
of the dispensaries in that city was adulterated. Colonel Megaw records that he 
'once found that the whole supply of quinine mh:ture of a large hospital was only 
about one-third of the prescribed strength, There was ample evidence in this 
case that the drug was being stolen and sold to a shop in the baza1·.' 'In conclusion,' 
writes Fletcher, ' we cannot deny the possibility of a case of n'lalaria being abso
lutely resistant to quinine, though we have never encountered such a phenomenon 
ourselves ...... but these exceptions are so few and so seldom seen by those who 
take scrupulous care with the details of the treatment that for practical purposes 
they can be ignored by the practising physician. 'fhe mistake is all too common 
of imagining that the fact of having written a prescription amounts to evidence 
that the quinine has been properly compounded and that the prescribed amount 
ofthe drug has been swallowed by the patient. This is certainly a case in which 
there. is many a slip between the cup and the lip.' 

3. Is the patient absorbing the quinine into his system? 
This can easily be ascertained for quinine, cinchona febrifuge, and quinidine 

by a simple daily test applied to the urine. Proceed as follows :-
1. Prepare Mayer's reagent, which consists of 13·55 grammes of mercuric 

chloride and 49·8 grammes of potassium iodide in one litre of water. 
2. Examine the patient's urine for albumin. If albumin is present remove 

it by adding acetic acid, bringing to the boil, and filtering. 
3. To a few c.c. of the clear, albumin-free, urine in a test tube add three or 

four drops of Mayer's reagent. If any of the cinchona alkaloids are present in the 
urine, cloudiness or opacity will follow. 

Should the urine be clouded with phosphates, etc., as is not infrequently the case 
in malaria, it should be filtered clear before the test is applied. Mayer's reagent 
precipitates the great majority of alkaloids, including strychnine, so if the patient 
is on nux vomica a positive result will be obtained with this also. 

Fletcher records some very interesting results on applying this daily test to the 
urine of patients who were supposed to be on full quinine treatment. Of 233 such 
patients 66, or 28 per cent, failed to shew quinine in the urine. In several more the 
reaction was so slight as to make it improbable that the dose previous to 
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examination had been taken~ Patients who were supposed to be swallowing up to 
120 grains of quinine daily failed to shew any quinine in the urine. A man who was 
stated to have taken 120 grains a day for three consecutive days failed to shew any 
quinine in his urine. Fletcher concludes that' at least 25 per cent of the quinine 
prescribed in hospitals is not swallowed by the patients....... There are many 
reason~ why a very large proportion of the quinine prescribed is never taken by the 
patient. No doubt some is stolen by dishonest hospital attendants and others; 
but one of the principal causes is the patient's disinclination to swallow it. The 
prescription of multiple mixtures for malaria patients plays an important part, 
because it makes it far more difficult to administer quinine regularly. For ~tance, 
if a man has bronchitis while he is undergoing treatment for malaria he is given a 
cough mixture; a few days later, perhaps, he is ordered an iron tonic because he 
looks anremic, and so it happens that the quinine is forgotten among the multitude 
of remedies. The convalescent malaria patient is seldom bed-ridden; he often 
wanders about the hospital compound and frequently misses his dose of quinine 
because he is not in the ward at the hour when the medicines are served out. We 
strongly recommend that rosters of all patients on quinine treatment should 
be kept in malaria wards, and that each dose should be entered opposite the 
patient's name when it is given. The administration of quinine should be under 
the direct supervision of some responsible person and controlled by the daily 
examination of the urine.' 

The Treatment of Special Oases. 
Fo; algid, cerebral and comatose cases of malaria, or where there is vomiting 

and intolerance to the cinchona alkaloids by the mouth, quinine should be adminis
tered intravenously. As far as one can ascertain, the present, an,d almost universal 
practice-in Bengal at least-is to give quinine or cinchonine intramuscularly ; 
in fact, many practitioners appear to treat aU their cases of malaria with intramu.s
cular injections of quinine or ·cinchonine. 

One wishes that the advocates of intramuscular quinine-and, above all, those 
· who are to-day teaching this pernicious mode of administration to medical students

would but pause to try such injections experimentally in animals before they 
advocate the procedure for man. Whether quinine or cinchonine or other cinchona 
alkaloid be used, after intramuscular injection into a rabbit, the invariable 
sequel is l~cal necrosis at the site of injection. If quinine or cinchonine base be 
used, there is necrosis and necrosis only. If-as is usual-an acid salt be used, 
in addition to this necrosis, is super-added acute hremorrhagic inflammation 
and exudation. The plate reproduced below shews the conditions present 24 
hours after au injection of two minims of a 50 per cent solution of cinchonine 
dihydrochloride into the gluteal muscles of a rabbit, and is typical of the results 
which occur. 



Hwmorrha.ges. N ecroeis at site of injection. 

Subcutaneous mdema, congestion and hlllmorrha.ges. 

FIG. 17.-Tbe conditions present in the gluteal muscles of a rabbit 24 hours after an intra.musoular injection of two minims 
of a. 50 per cent solution of cinchonine dibydrochloride. 
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In man, the same changes always follow. Usually the focal necrosis is limited 
and is very gradually absorbed and replaced by scar tissue, leaving a painful lump 
which persists for some weeks or even months. If a nerve, such as the sciatic, be 
accidentally struck, however, permanent paralysis may ensue ; whilst if sepsis be 
super-added, the consequences are disastrous. The following cases may be quoted 
from Fletcher's Notes on the Treatment of Malaria (1923). 

1. A young andhea.lthy child crippled for life from paralysis of th~scia.tic ne~e, which bad been 
injured by an injection of quinine:- · 

2. A man who, a yea.r before had been earning good wages as a motor-oar driver, but who had 
·become a pauper, on aooount of ankylosis of the left knee and ankle-the result of an, injection of 
quinine. . 

3. A man with a healing abscess in hill right deltoid, the result of an intramuscular injection of 
quinine 47 days before; and alsO a healing abscess in (hill left deltoid from the same cause. This 
patient in the meantime, had nearly died of septiciBDlia. · 

4. A mechanic bed-ridden for several months with abscesses and discharging sinuses in the 
buttocks, the result of injections of quinine. 

6. An engine driver who had been given injections into the deltoids for a mild attack of malaria. ; 
and who had been unable to work for several weeks in consequence. A large discharging sinus was 
present over the right deltoid. 

6. A patient with three incisions leading into an e~ormous abscess in the left gluteal region, due 
to an intramuscular injection of quinine 55 days before. The gluteal muscles were largely destroyed 
and the use of the limb was permanently impaired. _ 

7. A patient with three sinuses which had been discharging pus for several weeks, with the 
greater part of the affected muscles destroyed. · 

Also many other such cases. One of the worst of such instances· which the 
writer has seen was the case of an officer in the Royal Engineers who sustained two 
abscesses in the f'isht forearm as the result of intramuscular injections of quinine. 
To such a highly trained officer the·use of his right forearm is invaluable, and the 
folly which had led his medical attendant to select such a site for the injections is 
almost incredible. 

Finally, as Fletcher (1923) has shewn, • after intramuscular injection, quinine 
is absorbed less rapidly than after oral administration, and the method does not 
maintain an effective concentration of quinine in the body for a longer period than 
does quinine orally. The view that quinine injected into a muscle forms a reservoir 
which keeps up the supply of quinine in the peripheral blood, has no basis in fact.' 

Under these circumstances, for algid, comatose and cerebral malaria, or where 
the patient cannot tolerate cinchona febrifuge or quinidine sulphate by the mouth, 
quinine should be given intravenously. (Quinidine is too toxic and cinchona febri
fuge unsuitable for intravenous use.) The preparation which the writer prefers is 
quinine acid hydrobromide. 

In gi~g such injections, certain precautions must be observed. Aa 
McCarrison and Cornwall (1918) have shewn, intravenous injections of quinine cause 
a profound fall of blood pressure and affect the respiratory centre. Hence they 
must b'3 given with the patient in the recumbent post1ue. Sinu, howeyer, 
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these injections should be reserved for critical cases, this will follow almost 
automatically. 

Secondly, the injection must be a 'clean' one into the lumen of the vein, 
since any quinine which escapes into the tissues will cause acute necrosis. Thirdly, 
the injection must be given very slowly. J. D. Thomson (1917) advocates using a 
very fine needle and taking at least 20 seconds over the injection of each c.c. of 
solution, whilst McCarrison and Cornwall (1918) advocate taking a blood pressure 
reading as a preliminary, a~d adding 0·3 c.c. of commercial adrenalin solution to the 
injection in cases where the blood pressure is below 100 mm. of mercury. Lastly, 
the solution injected should be freshly prepared, since moulds grow very readily in 
old quinine solutions. 

The writer considers, however, that the dangers of intravenous injections of 
quinine have been greatly exaggerated. He has given several hundreds of these 
injections without seeing any of the dramatic sequelre described by some writers ; 
whilst he has also received some 30 such injections at different times in the 
treatment .of a chronic benign tertian infection as a patient. The injections are 
followed by a transient feeling of dizziness, lasting for only a few seconds, whilst 
quinine can often be tasted in the mouth before the injection is completed. The 
dose which he usually uses is from 7! to 10 grains-not more-of quinine acid· 
hydrobromide freshly dissolved in from 15 to 20 c.c. of sterile saline. He 

. considers the dose advocated by S. P. James (1922) of 15 grains of acid 
hydrochloride in 5 c.c. of saline as being rather too large, and rather too 
concentrated. 

In the majority of such critical cases, one or two such intravenous doses of 
7! grains each, given during the first 24 hours, will speedily bring the patient into a 
condition of comfort, with a normal or sub-normal temperature. 'Ihe intravenous 
injections should then be discontinued and the patient should commence the full 
21~day oral course of quinine or cinchona febrifuge. Intravenous quinine, although 
the strongest weapon in the physician's armamentarium for the immediate treat
ment of a critical attack of malaria, is useless in the prevention of relapses, and 
fails to sterilise the patient of parasites. 

lntramusc·ular Quinine. 
As far as the writer is aware it is only in India that the intramuscular adminis

tration of quinine salts is being widely resorted to. All the leading authorities 
in tropical medicine in England are opposed to this practice. Colonel Clayton Lane 
(1925) remarks with regard to it ' It is possible to push into a patient with a syringe 
a lasting conviction that if it has come to a choice between a bitter taste and a 
bitterly painful experience, it is better to take quinine by the mouth after 
all.' Professor Swellengrebel ' very much applauds ' this remark of Colonel 
Clayton Lane's. Sir Ronald Ross (1914), Fletcher (1923), Bassett-Smith (1923) and 
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Acton and Knowles (1924) all record severe necrosis and even death following such 
injections. McLay (1922) compared blood films taken from patients after the 
administration of similar doses of quinine (a) by the mouth, and (b) intramus
cularly; he found that parasites disappeared more quickly after oral than after 
intramuscular administration. 

In the writer's opinion, the only occasion upon which it is necessary to resort 
to intramuscular quinine is in young children or fat patients where the veins are 
difficult to find or to inject. It is true that one m8.y give hundreds of intramuscular 
injections of quinine without a disaster, but the very next injection may lead · 
to such. The necrosis after intramuscular quinine is often of slow onset and 
its results may not become apparent until weeks or months after the injection. 
One of the worst cases which the Writer ever saw was an Anglo-Indian female 
patient admitted to the Carmichael Hospital for Tropical Diseases, Calcutta, 
suffering from typhoid fever. Some medical practitioner in Calcutta had treated 
her for this disease by intramuscular injections of quinine into the deltoid mu8cles 
without even examining· her blood for malarial parasites. When admitted to 
hospital in one arm there was an extensive, sloughing and dirty ulcer at the bottom 
of which the humerus lay bare and partly necrosed. In the other arm a large 
abscess was iorming in the deltoid muscle. The fatal issue in this case was 
largely brought about by the lowering of the patient's resistance by the severe 
sepsis and prolonged suppuration in the arms. 

Malaria in Pregnancy. 

Malaria occurring during pregnancy is no contra-indication to quinine treat
ment, as is so often supposed to be the case. As has been shewn on p. 52, the 
blockage of the placental circulation by sporulating masses of the parasite is in 
itself likely to lead to the death of the fretus in utero and to abortion ; in fact the 
malaria itself is far more likely to lead to abortion than is quinine administration. 
In such patients, however, it is advisable to give the daily dosage in small 
divided doses rather than in two or three large ones ; doses of 6 grains or so 
may be given in alkaline solution every four hours or until the patient is 
receiving a full 18 or 24 grains a day. 

Malaria in Children. 
For the treatment of malaria .in children relatively large doses of quinine 

should be administered, considering the age of the patient. Quinine as a rule is 
very well tolerated by children ; but for babies and young children euquinine, which 
is quinine-ethyl-carbonate and is tasteless, may be substituted. For a baby 1 year 
old ll grains of euquinine should be given every siX hours ; for children from 3 to 
5 years of age 5 grains of euquinine every six hours are suitable ; and fer children 
of from 5 to 10 years of age 7 grains of euquinine or 5 of quinine should be 
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given every-six hours. Most children 10 years of age can stand a 10-grain dose of 
quinine, but it is preferable not to exceed 5 grains . at a single dose for children 
of this age ; the best plan is to get the child well under quinine therapy by doses 
of 5 grains, given in alkalme solution every four hours for the first day, and there
after to give 5 grains t.d.s. for the three weeks' standard course. 

lnt!Jlerance to Quinine. 
In a few individuals-but in far fewer than is usually supposed-there 

is intolerance to quinine, and the administration of a dose of 10 grains leads 
to such anaphylactic reactions as- superficial or deep-seated giant 
urticaria, hremoglobinuria, severe abdominal colic, and intense headache. This 
intolerance is no contra-indication to treatment with quinine, but it is necessary 
to de-sensitise the patient by small doses before proceeding to larger ones. A 
preliminary dose of l grain of quinine may first be tried every four hours, and 
thereafter the dose be _cautiously _increased daily. Such patients can almost 
always be worked up gradually to a dose of 5 grains t.d.s. and kept on this 
dose for the full three weeks of standard treatment. 

After-Treatment. 
After-treatment is almost as important in malaria as the primary treatment of 

the disease with quinine or cinchona febrifuge. At the end of his course of quinine 
or cinchona febrifuge the patient will be afebrile, but still-in all probability
anremic and run down. · In this condition of post-malarial debility arsenic is an 
invaluable drug. It is the writer's custom for all such patients to prescribe 
Burroughs, Wellcoine and Co.'s 'Tabloid' Ferri Citratis Comp., one tabloid after 
each meal three times a day for one month. The formula of this ' tabloid ' is 
as follows :-ferri et ammonii citratis, grs. 3 ; quininre sulphatis, gr. 1; acidi 
arseniosi, gr. 1-60th. Or Fowler's solution can be given, or some such general 
tonic as the following :-

n: 
Liquor arsenici hydrochloridi 
Liquor ferri perchloridi 
Spiritus chloroformi 
Infusum quassire 

Dose : one ounce t.d.s. after meals. 

m. 3 
m.l5 
m. 5 

ad oz. I. 

It is highly improbable that the cinchona alkaloids ever succeed in extermina
ting all the malarial parasites. in a patient's system, and the destruction of the 
remaining parasit~s which are not a:ffected by the course of quinine treatment is 
e:ffected by the patient's own natural powers of resistance. In building up this 
resistance arsenic and iron are the two sheet-anchors of treatment. 
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It may be mentioned here that occasionally one comes across cases of chronic 
and relapsing benign tertian malaria where the· patient has relapse after relapse 
despite repeated courses of quinine. treatment-prescribed at least, if not swallowed. 
In some of these cases an intravenous injection of novarsenobillon given before the 
course of quinine treatment is prescribed seems to have a stimulating effect in 
aiding the patient to finally overcome his malarial infection. 

The Triatmem of Blackwater Fever. 

The treatment of blackwater fever hardly comes within the scope of this 
small book, but a few notes on the subject may be added---culled chiefly from 
Dr. Manson-Bahr's admirable eighth edition of MaJ¥«>n's Tropical Disease$. The 
blackwater fever patient should be put to bed at once, and not-even allowed to sit 
up in bed until all risk of sudde!l heart failure has passed. When the blackwater 
has commenced and the urine tends to be suppressed, caffeine citrate 2 grains twice 
in the twenty-four hours should be given as a bland diuretic. Plenty of bland 
fluids should be given and an exclusive milk diet prescribed until albumin has 
cleared from the urine. Hot . fomentations should be applied to the loins, or 
cupping by Fenwick's glasses.· High rectal lavages with hot water have a marked 
diuretic effect. 

If, owing to persistent vomiting, fluid cannot be retained by the stomach, 
enemata of warm normal saline should be repeatedly administered, 6 to 8 _pzs. every 
half hour or hour. Sodium bicarbonate in 5-grain doses dissolved in water should be 
given at frequent intervals by the mouth. Sterile saline may be slowly introduced 
into the subcutaneous tissues of the flank or elsewhere by means of a hollow needle 
attached by a rubber til be to some improvised rese~oir placed one or two feet above 
the level of the patient. In cases with convulsions or coma, 5 per cent glucose 
solution given intravenously to the extent of 2 or 3 pints, is a useful measure. 
Marked restlessness may require morphia hypodermically by way of treatment, 
but the drug must be used with the utmost caution for these patients, and not more 
than ith of a grain or so given. 

Oxygen inhalations are valuable if available, and blood transfusion may be 
ind'cated. ·James and Christophers (1922) sum up the treatment of blackwater 
fever in the following terms. ' The most important points are :-

1. Absolute rest in bed. 
2. The most skilled nursing available. 
3. Immediate cessation of all quinine treatment. 
4. The free administration of alkaline drinks, barley water, and saline 

enemata or injections. 
5. A continuous watchful endeavour to allay troublesome and dangerous 

symptoms.' 
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A remedy which may be of considerable value in blackwate~ fever is' Hremostyl, 
Roussel.' This is an activated horse serum for the treatment of hremorrhagic 
states and anremias of all grades. In preparing it young healthy horses are first 
selected, and a first copious bleeding res01ted to. After this the animal reacts and 
its blood is drawn off at the moment when blood examination shews that the 
hremopoietic reaction is most intense. The serum from this blood is sterilised by 
heating to 55°C. on five occasions, and this serum constitutes 'Hremostyl.' It 
is put up in ampoules for subcutaneous administration or for rectal injection, as a 
syrup for oral administration, and also as desiccated tablets. The writer has not 
yet had an opportunity of trying Hremostyl in blackwater fever, but has found it 
of great value in two patients with symptoms of pernicious anremia. 

Prophylactic Quinine. 

Such contrary opinions are entertained as to the value of quinine prophylaxis 
against malaria that it is almost impossible to come to any condusion at present 
a.s to its value. In all probability quinine has no destructive action on the malarial 
.sporozoites injected into man by the infected mosquito. These enter the red blood 
corpuscle.s and become trophozoite.s. · Prophylactic quinine in reality acts as very 
early treatment of a malarial infection rather than as a preventative of infection. 
Where other measures are not available-e.g., persons on survey work in heavily 
infested malarial country, or in camp-it is advisable to take 10 grains of 
quinine every evening in solution in the hope of warding off actual malarial 
fever, rather than of preventing becoming infected. 

The ' good old custom ' among tea planters in Assam of handing round a 
bottle of 5-grain tablets of quinme every evening at dinner with the sherry and the 
soup has nothing to recommend it, for it is very doubtful whether such a 
prophylactic measure has any value at all. 

·Quinine and Cinchona Febrifuge Tahlets. 

In general quinine or cinchona febrifuge should always be prescribed in solution, 
since only in this way can the medical practitioner make certain that the quinine 
will be absorbed. The tablets prepared by such well-known British firms as 
Burroughs, Wellcome and Co., Parke Davis and Co., and Howards are reliable and 
soluble, but quinine tablets and pills on the Indian market may consist of anything, 
even perhaps of concrete. Swellengrebel (1925) records the results of examination 
of tablets of quinine manufactured in Italy by the State factory. The coating of the 
tablet proved to be insoluble in water, and after 12 hours' immersion in water it 
floated off the surface of the tablet in an undissolved state. 'It has been shewn,' 
writes Clayton Lane (1924), ' that properly made tablets of quinine hydrochloride 
produce at least as much urinary excretion of quinine base as does the same quantity 
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in solution. There has been a tendency to blame sugar coating as preventing absorp
tion, but sugar cannot but rapidly dissolve in any aqueous fluid. The fault really 
lies in the tablet's menstruum which, as Blanchard (1922) has shewn, may"resist 
solubility for months and defy the attack of a hammer. It is as useless to expect 
absorption by solution of the quinine which lies in the centre of an impervious lump· 
of concrete as it is unreaeonable to condemn the popular sugar-coated rapidly 
disintegrating tablets of proved efficacy, and yet the quality of the menstruum.is 
rarely considered in the reports of these caees ; a state of things which perhaps 
prompts the generally recognised advantage of solution over quinine in tablet 
form.' 



CHAPTER V. 

ON THE CARRYING-OUT OF A MALARIAL SURVEY. 

BEFORE any anti-malaria measures can be undertaken, it is necessary to carry 
out a malaria survey of the area under consideration. This may be a large town, a 
village, a tea or rubber plantation, a railway station, a mining camp, or a tract 
of country through which a railway or canal is to be constructed, or which it 
is proposed to open up for · agricultural or industrial purposes. Experience of 
trying to live in the area may have already only too clearly proved that the 
location is malarious, or the directors of the enterprise may desire to know in 
advance the health difficulties likely to be encotilltered, and to formulate schemes 
to ineet them. 

Moreover, financial considerations rule anti-malaria works as everything 
else. Save in war· time, such works are very seldom carried out withcut first 
counting the cost, and the latter cannot be arrived at without a proper survey 
as a basis. The Health Officer almost invariably has to justify his proposals 
before a coldly calculating and non-scientifically minded Finance Department or 
Board of Directors, and, if his proposals involve engineering works, the engineers 
will want exact definitions of what is required before estimating for their part of 
the scheme. 

The area to be surveyed may vary from the mass of tanks, ponds, puddles, 
streams and canals that make up the environs of such a city as Calcutta to an 
almost trackless forest on a mountain side, where movement may be extremely 
difficult. How then to set about it under the varying conditions likely to be 
encountered t 

In every case certain questions have to be answered. 
I. What kind of area are we dealing with 1 Its topography and meteoro· 

logy. · 
II. How much malaria exists in the area! 

III. How is it distributed over the year 1 
IV. Does the species of parasite vary during the year 1 
V. What are the Anophelines of the area, and where do they breed t 

VI. Have the various species seasonal distributions_'! 
( 108 ) 
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VIL Which of them are responsible for the malaria of the area t 
VIII. Under the conditions we are investigating, is the malaria becoming, or 

is it likely to become worse or better if nothing is done t 
When the answers to these questions are known, and not 'Until then, is it 

possible to consider the problem effectively, and to formulate proposals for dealing 
with the situation envisaged. This chapter will be devoted to the consideration of 
the eight lines of investigation mentioned above, the writing up of the results of 
which in a proper repo~ is usually known as a Malarial Survey. 

I. TO-pography. Meteor_ology~ 

The report should commence with a general description of the area surveyed. 
The configuration of the country, flat or hilly, forested or cultivated, its river system, 
and the like, should be th~ subject of a brief paragraph or two. Try and make your 
readers see in their mind what you have seen with your eye8, but remember that you 
are probably writing for busy men who are not specially interested in your subject, 
and try to be brief and concise. Likewise, the habits of the people, their chief 
occupations, and whether these afford them a steady or a precarious livelihood, 
should also be touched on, for if it is shewn, for instance, that fluctuationt' in the 
price of their staple money crop vitally affect their nutrition, and: in certain years 
lower their vitality, fluctuations in the malaria curve are in part explicable, and 
indicate the-necessity of undertaking a consideration of • prices,' as was first done by 
Christophers (1908). 

The meteorology of the tract under examination requires consideration, for 
by the study of such records much is often explicable, though the effects of climatic 
factors differ in different parts of the world. What, for instance, is explicatory 
in the Punjab may totally fail to elucidate malaria fluctuations in Madras. And 
here, at once, the investigator will encounter difficulties in the shape of the paucity 
of recording stations in the tropics~ In wide areas of the plains, the records of a 
station one hundred miles away may, with caution, be utilized as representing the 
meteotology of the area under survey, but among hills this is not the case. Rainfall, 
for instance, is often extremely lo~al in hilly country. 

If the survey is to be an extended one, it might be worth while starting a series 
of rainfall, maximum and minimum, and wet and dry bulb observations, but such is 
very seldom the case, and usually one is fortunate if a few years' rainfall figures 
are obtainable. Such are to be prized when found, for comparison with the epide
miological statistics considered in the next section. More often one has to be 
content with stating spmething of the following nature: ' the rainfall is about 
fifty inches annually, nearly all of it during the monsoon. Light January rains are 
sometimes experienced.' None the less, it is worth making the effort of gathering 
what information one can under this head. 
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II. Amount .of Malaria. 
This is obtainable by the study of four separate considerations:-

A. Mortality Registration. · 
B. Hospital Records. 
C. Splenic Index. 
D. Parasite Index. 

Each of which requires a separate section. . 
A. Mmtality Registration.-In civilized countries, where a qualified practi

tioner's certificate is required as a pre-requisite to burial, these records have a high 
value, but nowhere in the tropics is this happy state of affairs found. Vital statis
tics are nearly always recorded by a village headman or other totally unskilled minor 
official, and at first glance might therefore be thought to be entirely useless. As 
Christophers (1908), Gill (1922) and Cragg (1922), among others, have shewn, though 
utterly valueless _directly, these figures, if properly treated. have a considerable 
comparative value. · 

The Indian village watchman's register contains the following causes of death: 
' Plague,' ' Cholera,' ' Smallpox,' ' Diarrhrea and Dysentery/ 'Respiratory Diseases,' 
'Fever,' 'Injuries,' 'All other causes.' It is therefore obvious that the sixth will 
compete with the eighth as a ' column-filler ' ! The diseases most commonly 
confounded with malaria under 'fever' are typhus, relapsing fever, and enteric, 
and in the 1920 report of the Sanitary Commissioner of the United Provinces the 
opinion is given that the chowkidars' malaria figures are five times greater than 
they should be! Likewise, when the actual disease causing a mortality-rise is 
known, it is observed that the numbers of deaths entered under variouR other 
he~dings also tend to rise. An epidemic of malaria is invariably associated with 
a great relative increase in mortality entend under the head of 'diarrhrea and 
dysentery/ 

Faced with this state of affairs, it may well be wondered how it can be claimed 
that such ' statistics ' have even a comparative value, but Christophers (loc. cit.) 
has shewn that ·in general the percentage of error is constant. Further, in India 
at least, the various major epidemic diseases have their maxima at various times of 
the year. Plague, for instance, is generally a disease of the cold weather and 
early spring. In its septicremic form, especially, it is liable to be entered as 
'fever.' Relapsing .fever is a disease which reaches its height in the late spring. 
whereas malaria attains its maximum usually in the autumn, and is distinguished 
by a rise in infantile mortality which is not shewn by any other epidemic 
disease. Bearing these considerations in mind it will be understood that 
comparisons can be instituted b'etween the records of a. series of years which 
possess a definite value. 

In the actual tropics, however, seasonal incidence of the various diseases is less 
marked, whilst malaria shews maxima in various months according, among other 
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little-understood factors, to the causative species of Anopheline, and facts elucidated 
for Upper India must be accepted with caution in the actual tropics themselves. 
Kala-azar in an area will, of course, render vital statistics accumulated under the 
eight official heads quite valueless. The whole subject of Indian vital statistics 
is too complicated for detailed treatment here, and must be consulted in original 
in the papers quoted and in others, but a comprehensive article on _the subject has 
yet to be written. Enough has been said to point out the pitfalls with which the 
subject is surrounded, and to indicate the extreme care with which local statistics . 
must be accepted and handled. 

After the malaria incidence in amount and time has been ascertained by other 
means, however, ·vital statistics again have their uses. There are· few diseaEE'S 
except malaria and kala-azar that slowly kill off a population over a number of 
years, and malaria, as stated above, is peculiarly a disease causing infantile 
mortality. If in a hyper-malarious place it can be shewn that in certain months of 
the year the total deaths, and particularly the infantile deaths, exceed the births 
(and total deaths and births have been found by comparison with census figures to 
be quite accurately recorded), then obyiously a most serious state of affairs exists. 
When the local population cannot hold their own against a disease, there is small 
hope for the future of the district unless anti-malaria measures are undertaken, and 
less chance still for any new-comers to it to thrive. An area of increasing 
malariousness has probably been encountered, and the cause of this must be 
sought. Portions of Bengal, the south side of Vizagapatam Harbour, and Manaar 
Island between India and Ceylon are examples of such places; which, fortunately, 
are comparatively few. 

B. Ho6pitaZ Records.-In most localities in India, at least, something of this 
sort is usually obtainable. But again, such must be accepted with a certain amount 
of caution. Assistant and sub assistant surgeons in charge of remote posts are not 
usually distinguished for the extent of their know ledge, (India has still to throw 
up a Jenner or a Robineau-Desvoidy from the depths of the 'IMjustil), and their 
diagnoses are not seldom at fault. Whilst free, of course, from the gross errors that 
distinguish the vital statistics, the para-typhoids in particular are often entered 
and, worse, treated, as malaria. Only too seldom is a microscope, or knowledge 
of its use available, and even if such were t.he case, what chance or incentive has a 
heavily worked man in charge of an out-station dispensary to devote the necessary 
time to accurate microscopical diagnosis t But, here again, the percentage of errors 
is probably constant, and for comparative :(mrpos~s over a series of years, may be 
safely used. In this way the records of an out-patient department often have great 
value. 

Of course there are numerous areas in the less developed iracts of the 
tropics where neither, and especially the latter, of the foregoing figures are 
available, and like the writer in exploring the Vizagapatam Agency Tracts in 
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the last year, the observer must trust to .himself alone for his facts, and in any 
case without exception, must collect such for himself to obtain any accurate idea 
of the actual and not merely the comparative malariousness of the area under 
survey. 

. 0. Bplenic Index.-From the very early days of malaria investigation, the _ 
examination ot a community for splenic enlargement has been the criterion of the 
malariousness of ~ locality. In this work it was soon found that children between 

· the ages of two and ten formed the only safe guide (Stephens · and Christophers, 
1908), for among the actual inhabitants of a hyper-malarious tract, the adults 
shew an immunity characterized by the reduction of the splenic enlargement 
caused by their infantile malaria morbidity. The infantile ~pleen rate, per cent, 
then, is the basic measure of the endemic malariousness of a locality,' the adult 

. spleen rate of the actual amount of malaria that is O(lcurring at the moment of 
examination. The former alone is useful for the purpose under discussion. 
Moreover, it is easier to obtain- than the adult rate, which in an undisciplined 
community such as is commonly encountered, has to be confined to the male 
population only. • 

The amount of splenic enlargement may be measured with the child standing 
up or lying down, and as Watson (1915) has shewn, considerable differences in the 
results obtained are given by the two methods, the recumbent position yielding the 
higher values, as by its means very small degrees of enlargement are more easily 
palpated ,when the organ descends during inspiration. In the Southern United 
States, where the average amount of enlargement is small, the recumbent seems 
to be the position most usually adopted, but in the tropics, with the gross degrees 
of imlargenient commonly encountered, the standing position is nearly always used. 
In any case, it is necessary to adopt one or the other, and stick to it. Occasionally, 
a doubtful result in the erect position may need checking by laying the child on its 
back with t}:te knees flexed. 

A few hints on examining children for spleen may be useful. If opportunity 
permits, it is best to send a cbaprassi to the village about to be examined some 
hours in advance, with a message to the headman to collect the children at some 
convenient central spot at a certain hour, and to remember in this connection that 
the villager never has aught but the vaguest ideas of time. It is seldom indeed 
that such a message is disregarded. 1£ it is, or if the village is visited unexpectedly, 
such as must occur in working up a district by a road with motor transport for 
instance, then less time is wasted by perambulating the village than by waiting 
whilst an attempt is made to collect the children. 

Many books mention that small change is useful in attracting children; Indis
criminate scattering of largesse in this fashion I have never found necessary. Save 
in very jungly tracts, where a supply must be carried-a sticky performance-there 
is nearly always a sweet-meat seller to be found, and eight annas worth of his wares. 
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will suffice for the child population of the average small village. Begin by offering 
a sweet or two to a. few of the bolder or better dressed children, who are obviously 
those of village notables, and then give each child a sweet at the completion of its 
examination, not before. Commence by examining older boys, who are less likely 
to be frightened, and try and avoid struggling to palpate a screaming child before a 
mob of as yet unexamined children. Motion the parents of such to keep them aside 
until the rest have been dealt with. Then make a fresh attempt, preceded if neces
sary by a sweet to instil confidence and attract interest. (A word here to European 
investigators : leave the actual palpation work to- your Indian or native medical 
assistant if there are general symptoms of fright. Remember that you are in any 
case something strange and rather frightsome in the average remote village, 
and though a tlistinct 'draw • in yourself, your closer approach may often 
start a child screaming.) At the end of an examination, it will invariably be the 
case that the sick of the village will be brought before you. Often the nearest 
·dispensary is miles away, and there may never have been a medical man in 
the village before. A few simple remedies should therefore be carried on· 
spleen-index expeditions, for it makes for general good-will if a little free 
doctoring is done before the party leaves the village, and in any case smooths 
t.he way wonderfully if bloo~ films are wanted. Many most interesting cases 
in advanced stages are encountered under such circumstances, and the writer 
has seen in villages remote from medical aid enough clinical material to keep a 
whole research staff happy I 

Reverting now to the actual spleens palpated, in addition to the percentage 
shewing enlargement, the spleens examined are usually classified in finger-breadths 
of enlargement below the costal margin. · In some of the earlier work in India, 
five classes of enlargement were used, but it is better to make seven, in which the 
' four-finger-breadths ' degree is ~ spleen reaching to the level of the umbilicus, 
and the ' seven fingers ' category spleens reaching right down to the pubis. 
The result!' of each examination should be called out by the observer and noted 
down by another of the party, the children being numbered consecutively. It 
is seldom necessary to record their names, unless the village is to be visited 
again for a subsequent examination, when it may be required to trace individual 
children. 

Obviously, the above method of examination affords entrance to fallacies. 
The distance from the costal arch to the pubis is very different in an infant of two 
years and a child of ten, whilst the breadth of the observer's_finger remains constant. 
Likewise, in various individuals, the position of the costal arch varies considerably. 
Christophers and Khazan Chand (1924) have devised a method for overcoming the 
first difficulty, by applying to the actual measurement from the costal margin to the 
apex of the eillarged spleen a correction based on the nipple-umbilicus length of the 
child, though sitting-height can also be used as a. basis for the correction. Table II 

A 
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TABLE II. 
' 

CoRRECTION TABLE FOR SPLEEN • MEASUREMENTS. 

Shewing CON'eclion for measurements of spleen of other ohdominal measurements 
by tke siuing-keigkt, nipple-umbilicus line or age {recession 0·8). 

Measurement in centimetres. 
S. H. N. U. Age. 

21314 5161 71 8 9 flo 12,13,14 16117118,19,20. 11 1s 

40 2 3 4 5 7 8 10 11 12 14 15 16 18 19 20 22 23 25 26 27 u 3 4 5 7 8 9 11 12 13 15 16 17. 19 20 21 23 24 25 27 42 3 4 5 7 8 9 11 12 13 14 16 17 18 20 21 22 24 25 26 43 3 4 5 6 8 9 10 12 13 14 16 17 18 19 21 22 23 25 2& 44 16 3 4 5 6 8 9 10 11 13 14 15 17 18 19 20 22 23 24 25 45 2 4 5 6 7 9 10 11 12 14 15 16 17 19 20 21 22 24 25 .46 3 2 4 5 6 7 9 10 11 12 14 15 16 17 18 20 21 22 23 25 47 17 2 4 5 6 7 .8 10 11 12 13 15 16 17 18 19 21 22 23 24 48 2 4 5 6 7 8 10 11 12 13 14 15 17 18 19 20 21 23 24 49 2 4 5· 6 7 8 9 11 12 13 14 15 16 18 19 20 21 22 23 
50 18 4 2 3 5 6 7• 8 9 10 12 13 14 15 16 17 18 20 21 22 23 51 2 3 5 6 7 8 9 10 11 12 14 15 16 17 18 19 20 22 23 52 2 3 5 6 7 8 9 10 11 12 13 15 16 17 18 19 20 21 22 53 19 2 3 4 6 7 8 9 10 11 12 13 14 15 17 u 19 20 21 22 54 5 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 20 21 22 55 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 56 20 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 57 2 3 4 5 6 7 8 9 10 11 12 14 15 16 17 18 19 20 21 58 6 2 3 " 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20 21 59 2 3 " 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 60 21 2 3 " 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 61 7 2 3 • 5 6 7 8 9 10 11 12 13 14 lli 16 l'i 18 19 20 62 2 3 • 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 19 63 22 8 2 3 4 5 6 .7 8 9 10 11 12 13 14 15 15 16 17 18 19 64. 2 3 4 5 6 7 8 9 9 10 11 12 13 14 15 16 17 18 19 65 9 2 3 4 5 6 7 7 8 9 10 11 12 13 14 15 16 17 18 19 66 23 ! 3 4 5 6 6 7 8 9 10 11 12 13 14 15 16 17 18 19 67 10 2 3 • 5 5 6 7 8 9 10 11 12 13 14 lli 16 16 17 18 68 - 2 3 4 5 5 6 7 8 9 10 11 12 13 14 14 15 16 17 18 69 24 11 2 3 4 4 5 6 7 8 9 10 11 12 13 It 14 15 16 17 18 70 2 3 4 4 5 6 7 8 9 10 11 12 13 14 14 15 16 17 18 71 12 2 3 3 4 IS 6 7 8 9 10 10 11 12 13 14 15 16 17 17 72 25 13 2 3 3 " 5 6 7 8 9 9 10 11 12 13 14 15 16 16 17 73 2 3 3 4 5 6 7 8 9 9 10 11 12 13 14 14 15 16 17 
74 14 2 3 3 4 5 6 7 8 8 9 10 11 12 13 13 14 15 16 17 75 26 15 2 2 3 4 5 6 7 7 8 9 10 11 12 12 13 14 15 16 17 76 16 2 2 3 4 5 6 

~I 7 8 9 10 11 12 12 13 14 15 16 16 77 2 2 3 4 5 6 7 8 9 10 11 11 12 13 14 15 15 16 '78 17-20 2 2 3 4 5 6 :I 7 8 9 10 10 
11 112 

13 14 15 15 16 '79 27 2 2 
314 

5 6 7 8 9 10 10 11 12 13 14 14 15116 80 2 2 3 4 5 6 7 8 9 9 10 II 12 13 13 u 15 16 

Nole.-Mea.surements of 1 em. are unchanged. 
No!e.-Re&dings for correction by nipple-umbilica.l line or age should be taken along the line 

opposite the ligures in the columns referring to these. 
S. H.=Sitting-height. N. U. = Nipple-umbilica.l linl'. 

The observed mea.surements are those given in the top line of ligures ; the corrected values are in 
. columna below these. 
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is a reproduction of their table. For a discussion of the reasons and formula under 
lying it, the original paper should be consulted. This correction is applicable to the 
correction of any other abdominal measurement. All that it is necessary to do 
in the field is to mark with a bit of grease pencil on the skin of the child the position 
of the apex of the enlarged portion of the spleen, and with a short, (18-inch) 
length of flexible tape to measure the two distances, costal arch-apex, and nipple
umbilicus. 

From the foregoing measurements, Christophers (1924) has described the 
construction of an 'abdominal chart' (Fig. 18). His directions are as 
follows:-

'Draw a line representing the median line of the body. At right angles to this 
draw another line crossing it. Mark on the second line the position of the left nipple 
by measuring off along the line a distance equal to-half the inter-nipple line. 
Continue the inter-nipple line outwards the measured distance to the mid-axillary 
line. Make _a line from the nipple of the length of the nipple-umbilicus line to 
intersect the median line of the body at the umbilicus. Measure off the distance 
from the umbilicus to the mid-axillary line and draw a line to represent the latter. 
Mark on the median line of the body the distance of the xiphoid notch below the 
inter-nipple line ; and on the nipple-umbilicus line the distance of the costal margin 
from the nipple ; also on the mid-axillary line the position of the lower edge of the 
lOth rib. The costal margin will be along a curved line, convex downwards, 
joining these last-mentioned three points.' 

In order to compare the results of various observers, variously recorded, 
Christophers (loc. cit.) has also prepared a 'standard abdominal chart,' (vide Fig. 18) 
which is that of a child of 60 em. sitting height. On such can be studied (after cor
rection by Table II for size of child), measurements and locations, etc., of the spleen. 
By its means any anatomical reference to the position of the spleen can be easily 
translated into measurements. For instance, 'a spleen reaching half-way between 
costal-margin and umbilicus would on the standard chart be one of 6 to 7 em., and if 
the child on which the observation was made was aged 12, this spleen must have 
actually measured 7 to 8 em., as shewn in the correction table reproduced above. 
This would be a small four-finger-breadth spleen on the usual Indian observer's 
notation, or one reaching to a level of about 4 em. below the lOth rib in the 
mid-axillary line.' Observe how, when the child grows larger, the simple finger
breadth method breaks down. As stated earlier, in the average (i.e., 6 years old) 
child in the 2 to 10 years class the' four-finger spleen' reaches to the level of the 
umbilicus. 

Christophers (Zoe. cit.) has distinguished three. classes of enlarged spleens: 
(a) those in which the position of the costal margin is about normal; 
(b) those with the costal margin 'raised' ('distant' spleens); 
(c) those with the costal margin depressed ('near' spleens); 
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and shews how; due to the effect of such differences in the position of the margin, 
spleens of the same measurement may be of different degrees of enlargement and 
vice versa, (vide Fig. 19). ' ' 

In spite of these differences, however, when results are plotted on one chart, 
the apex: in all three series_ of J!Ositions is situated in approximately the same line, 
since differences are not due to any lateral displacement of the axis of the spleen, 

X 

FIG. 19.-' Distant' •nd • near' spleens; shewing spleens of the same degree of enlargement 
at di1ferent distances from the umbilicus, owing to variati~ in the position 
of the costal arch. (After Christopher&, 1924.) 

but to the fact that ' distant • spleens are further back, and • near ' spleens 
further forward in the same line representing the advance of the apex of the 
spleen from the rib margin to the umbilicus. All that is necessary, therefore, is 
to take two more measurements, (i) from the apex: of the spleen to the umbilicus, 
and {ii) from the apex to the mid-line of the body, measured at right angles to 



Fio. 20!-Abdomlnal ohart, with results of a spleen census entered thereon. (After ChrL<t<Jphers, 1924.) 
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TABLE III. 

Apex to umbilicus measurement. 

0 I 2 3 4 s 6 1' 8 9 10 IIIZ/3 14 IS 

14 I I 

13 3 s 8-

IZ 4 s 9 

II 2 s 1' 

10 2 s 4 II 

9 I 1' 9" I 18 

8 4 10 8 2 24 

1 2 s 10 3 20 

6 s 1' I - 13 

s I 2 2 I 6 

4 s 3 8 

3 I I 

2 

I 

0 

Total I 6 S 9 16 22 21 16 1' S 1' II 126 

Mean apex to umbilicus ..••.•.... 9·9 ems. 
Mean apex to median iine ........ 8•3 1111 

-
TABLB III.-The same information as in Fig. 20 in tabular form. (After 

Cbristophera, 1924.) 
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this line, and the second difficulty, that of the varying position of the costal arch, 
can be overcome. 

With these measurements, only one position of the apex in the abdomen is 
possible, unless the apex lies beneath the level of the umbilicus, as in a spleen of very 
large size, in which case an appropriate symbol (a stroke under the recorded 
measurement) is to be made to indicate that the measurement was made below the 
level of the umbilicus. In case of mea.surements to the right of the middle line of 
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the body a minus sign is to be given. Moreover, as the apex-costal arch meaeure
ment has also been made, the position of the latter is also fixed, and practically 
complete information is on hand regarding the proportions of the abdomen and 
the position of the spleen. 

Since every double measurement indicates a definite point on the abdomen, the 
position of the apices ofthe spleens in any series examined can be marked on the 
standard abdominal chart, i.e., after reducing the actual measured values to 

·those of a child of 60 em. sitting-height by means of Table II, using the nipple
umbilicus line as an indicator. The chart may be ruled with two sets of lines, 
one set being circles giving distances of 1, 2, 3, etc., em. from the umbilicus, 
the other being straight lines drawn parallel to the median line of the body at 
distances of !, I!, 2!, etc., em., so that the spaces correspond with measurements 
of 1, 2, 3, etc., em. The lines form a series of diamond-shaped spaces each 
equivalent to a spleen measurement on the double notation. Into each 
space, therefore, can be entered the number of spleens shewing this particular 
measurement. The results of such a procedure carried out by Christophers 
is shewn in Fig. 20, and the same information entered in tabular form in 
Table III. To fill in such a chart, place the point of the pencil over the number 
in the line of figures at the bottom of the chart and follow the curved space 
until in the straight column over the figure that corresponds to the apex-median 
line measurement. 

This method of charting gives the frequency distribution of the position 
of the apex for the community. In the series illustrated in Fig. 20 the mean 
for the series lies between spaces 10: 9 and 10: 8, the first figure referring to 
the apex-mid line, and the second to the apex-umbilicus values, and corresponds 
with an average · enlargement of about three finger-breadths in the usual 
notation. 

Unless time is of no importance, however, refinements of this nature in spleen
rate work seem impracticable. The writer has only seen the method used once 
since J .. ieutenant-Colonel Christophers described it, and in studying the report in 
question came to the conclusion that the author thereof had devoted so much time 
to spleen measurements that the practically much more important question of 
malaria causation had had to be somewhat perfunctorily dealt with! None the 
less, the value of Chrhtophers' method for comparative purposes is so great 
that it is necessary to describe it. The writer has no personal experience of its 
use, however. 

When the spleen census has been obtained by· the usual rough field method, 
classified into eight classes, from ' nil ' to ' seven finger-breadths ,' there are still 
comparative methods open to us, which can be worked up and utilized at leisure. 
The' average spleen' may be obtained. This is a' weighted average' as explained 
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by Christophers (1915), and' may be arrived at for our purposes as in the following 
example:-

Amount of enlargement. 
. Number of Splenic Value. children. volume, 

- . 
Nil .. .. .. 89 v. 0 

1 finger-breadth .. .. .. 38 v. 38 

2 .. " 
.. .. .. 36 v. 72 

-

3 .. " .. .. .. 26 v. 78 

4, .. " 
.. .. .. 10 v. 4,0 

- . 
5 .. .. .. .. . . 9 v. 45 

6 .. .. .. .. .. 1 v. 6 

7 .. .. .. .. .. 1 v, 7 

TO!'AL .. .. 210 ... 286 

then p., the average spleen, = ff& = 1·36 finger-breadths. 
Comparison of figures yielding equal percentage rates, but taken in localities 

where the number of spleens enlarged slightly or largely differs considerably, will 
at once shew how greatly the total mass ~f enlargement caused by the malaria of a 
community may vary, even though the actual percentage with enlarged spleens 
may be the same. Thus a further idea of the malariousness of the area under 
examination is obtainable. 

But this is not all that can be obtained from the spleen figures. Clinically, 
it is impossible to differentiate a relapse from a re-infection, but McKendrick has 
devised a mathematical method of solution, whereby it is possible at least to arrive 
at the ratio of one to the other in any community, which is invaluable for calculating 
what is happening through the agency of mosquitoes at the moment. Though 
individual cases are still impossible of differentiation, still, knowing the ratio, this 
can be applied to hospital statistics, when available. For instance, admissions 
may shew a tendency to decrease, whilst various signs may shew that mosquito 
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breeding is on the decline. Ifr in addition, it can be shewn that the ratio of relapse 
to re-infection is high, then everything tends to prove that the peak of the epidemic 
we may be investigating is past. 

The formula, for the comprehension of the proof of which very high 
mathematical acquirements are required, and for the proof of which the original 
paper must be consulted, is·:-

where 

1 m-p. 
k = 1-m-f-m 

N 
m = nat. log. V 

0 

N = total number of children examined. 
V 

0 
= number of children with nil splenic enlargement. 

p. = the average enlarged spleen, as explained above. 
I =:~;elapse. 

k = re-infection. 
The natural logarithms and the exponential can be obtained from any book of 

tables of hyperbolic functions, such as those ;bf Becker and van Orstrand (1921). 
A3 previously mentioned, the result is of course only applicable to the period of 
examination, and not to the year for instance, for obvious reasons. A series of 
fi.gill-es .. worked out for the same place over a year, would undoubtedly yield results 
of the highest importance, if correlated with the mosquito breeding findings. 

Classification of Malariousness.-In the numerous provincial malaria surveys 
carried out in India during the first decade of the century, the following rough 
classification, based on the crude child spleen rate, was adopted, and is to some 
extent still in use :- · 

Spleen rate greater than 50 per cent HYPER-ENDEMIC. 

Spleen rate 25 per cent to 50 per cent HIGHLY ENDEMIC. 

Spleen rate 10 per cent to 25 per cent MoDERATELY ENDEMIC. 

Spleen rate less than 10 per cent • . HEALTHY. 

Spleen Index Map.-In a survey of an extended area, such as a valley, a spleen 
index map is extremely useful. By its means increases in the rate towards the 
hills, for instance, are well brought out. A 1 inch to the mile scale is usually suffi
cient, unless the incidence in the varioUs quarters of a .large town is being shewn. 
Various methods are in use :-

(i) Various forms of shading or colouring. . 
(ii) The placing beside or within the site of the village or town-quarter, of 

a circle, divided into one hundred divisions, with the angle between 
the two radii the number of divisions between which equals the spleen 
index, filled in black. 



PLATE VI. 

~R<Jipur 

Spleen rates in villages on a section of the Raipur-Vizianagram Railway, Vizaga.patam District. 
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(iii) The writing in figures within the circle representing the village or town 
of the actual spleen rate. 

The writer prefers the first or last method. It is impossible to read accurately 
the rate from small circles such as are generally used in method (ii). Even if 
colour washes for the various limits of incidence are used, it is usually necessary 
to supplement this by adding figures. Unless, therefore, it is desired to be 
especially graphic, method (iii) is the best. Part of such a map is reproduced 
in Plate VI. 

Effect of Kala-azar.-This· is the only other common disease which causes 
splenic enlargement, and in known kala-azar areas and in those where the existence 
of the disease is suspect or possible it is necessary to be on one's glla.rd against attri
buting to malaria the results of leishmaniasis. At first sight it might be thought 
that in kala-azar areas the spleen rate is too likely to be a compound effect to have 
any meaning, but Dodds-Price and Strickland (1925) consider that this is not the 
case. Their conclusion is ' that when the clinical signs of kala-azar are well ;marked 
such cases must not be used in a. malariometric spleen index.' For malariometry 
other cases only should be taken for a spleen count, and the index read in conjunc
tion with a. parasite index of all members of the community. (For parasite index, 
vide next section.) · 

The clinical signs of kala-azar are well known and it is easy to differentiate a 
typical ease. An emaciated child, with the well-known • distress ' facies, with a 
hard spleen of at least three finger-breadths, should be tested by the formol-gel or . 
aldehyde reaction (Napier, 1922), before accepting its splenomegaly as due to malaria. 
A differential point worth remembering is that in acute kala-azar the spleen will 
be enlarged to several fingers' breadth below the costal arch in a fortnight's time 
after the initial outburst of high fever. Such rapid enlargement is not seen in 
malaria. 

D. Parasite Index.-This is a simple percentage figure for the number 
of persons actually shewing parasites in their peripheral blood at the time of examina
tion, and, again, the child and adult figures should be kept separate, as the spleen 
rate falls with age more rapidly than does the parasite rate, which shews how many 
of the adults of a community may be 'healthy carriers' (James, 1920), especially 
in hyper-malarious localities. 

But here, for the first time, we get to know what species of parasite we are 
dealing with, a most important point vitally affecting our ultimate recommenda· 
tions on the treatment side. Also we get an idea of what chance the local 
Anophelines stand of acquiring infection, if we keep a separ~te count of 
gametocytes, noting the number counted per hundred leucocytes of all kinds 
seen. For instance, if malignant tertian is dominant, we may fear pandemics 
with fatalities ; if quartan is prevalent, we may look for many intractable relapses 
which will try our medication arrangements to the utmost. Many gametocyte& 
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will indicate that the local Anophelines are probably intensely infected at the 
moment. 

The parasite rate should always be obtained from the study of thick as well as 
thin films, as set out in Chapter III. When a large number of persons are being 
examined, the two are best made and dealt with on one slide, as described by 
Sinton (1925), (vide p. 76). 

A further refinement is due to .Christophers (1924a) whereby a measured 
quantity, such as 10 c. mm. of blood is spread out over a measured surface of the. 
slide, and the actual number of parasites counted. One can only wish that the 
requirements of practical work permitted generally of such methods of procedure. 
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FIG. 21.-8hewing differences between spleen and parasite rates aeoording to age (After James, 

_1920.) (Hyper.endemio area. on the left; area of lesser intensity on the right.) 

A convenient method of carrying slides for taking numerous films is to place 
them, ready cleaned, in a cabinet box with slots in which they stand closely approxi
mated on their long edges. The slots may be numbered, so that any interesting 
case can have its number easily recorded. 

On whatever work one is engaged, it is always well to have a few cleaned slides, 
each wrapped separately in tissue paper, in one's pocket. ·A fever case may be 
encountered by the roadside, or in a hut one passes, and in the writer's experience 
a blood film is more easily granted by a fever case than by an apparently well person. 
To the ignorant villager the taking of the blood seems to be accepted as part of the 
'cure' which they hope for from you. It is hardly necessary to point out that 
parasites are more easily found during a paroxysm than at other times. 
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We are now in a position to answer question II. We know the child 
spleen-rate, which gives us a measure of the endemicity, the .average amount of 
enlargement, which gives us a measure of the intensity, we have some idea at least 
of the proportions in which the three parasites a!e present, and can adapt our 
proposals to meet the varying indications we can draw from our findings. 
Knowing the amount of malaria existing at the moment, we can take the vital or 
hospital statistics of the moment as unity, and lise past records for a comparison 
on this basis. . . ' · 

III. How is .Malaria distributed Ovet' the Year? 

Unless we have been able to extend our studies over a twelve-month, we are 
driven back on hospital and registration statistics for this information, but, after 
making our own studies of the amount of malaria obtaining_at the time of our visit, 
as mentioned at the close of the last section, we are in a better position to use them. 
Knowing the amount of malaria existing at the moment, and the relapse-re-infection 
ratio, we can compare current hospital records with the same over a year, and in the 
corresponding month of previous years ; we ca;n guess at the amount of reliance 
to be placed on registration figures, can use them comparatively. In months of 
active spread of infection, we can concentrate our e:fforts on the mosquito, in months 
where most of the cases are relapses, on the eradication of the parasite. 

IV. Does the Dominant Species of Parasite vary over the Year? 

This question can only be answered if the observer is prepared to. remain in 
or re-visit the locality at frequent intervals, unleBB he can arrange for a periodical 
supply of blood films to be sent to his headquarters. With enough assistance, 
this is possible, and if carried out, yields most interesting results of great value. 
For instance, if the only malignant tertian forms found were crescents, and all 
a.ctive infections shewed only benign tertian schizogony in progress, we could judge 
that the latter was causing the active malaria of the moment, and that malignant 
tertian had previously been largely present, but was now dying down. 

The writer has seen the most intensely interesting series of observations of this 
nature kept at a hospital for several years, and it is an extreme pity that their 
author, after his indefatigable labours in thus examining all his malaria cases, has 
not published his results. Imitation is possible to anyone in charge of a hospital 
who will give the necessary time and trouble. The results in question shew how at 
that particular station benign tertian dominated the spring cases, and malignant 
tertian those of the autumn, whilst quartan infections could always be traced to 
changes in population involving transfers from a certain other station where 
evidently this form of parasite is common, though it was never contracted locally. 

The information as to parasite distribution is useful in arranging for medica· 
tion. Whilst it is preferable to attack malignant tertian with quinine, benign 
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tertian is better dealt with by other cinchona akaloids, and hospital standard 
mixtures can be arranged accordingly. The months in which preparation should 
be ready for promptly dealing with urgent cerebral symptoms, and the like, also 
become known. 

V. What are the Anophelines of the Area? Where 'do they breed? 

Though tabulated as question V, it is best to commence work with the study 
of this point, as it is more time-consuming than any of the others. It may take 
longer to search many blood films, but this can be done at leisure in the base 
laboratory, whereas the study of the Anopheline fauna ties the investigator to 
the actual spot. Moreover-and it is no small point when it comes to spleen and 
blood investigations-having seen the party moving about for some days the 
local inhabitants will have become interested in what they are doing, familiar 
with their appearance, and mor~ likely not to resent closer contact with them later. 
Never let your underlings rudely drive off persons shewing an interest in your 
strange performances I 

How then to set about the study of the Anopheline fauna ~ It is seldom 
indeed that a map affording the necessary details of water location is available. 
One is fortunate if a large scale map shewing the chief topographical features of the 
locality is obtainable at all, and if it is, such as a plan of a plantation or railway 
station, it is always too crowded with detail irrelevant to our purpose to form a 
direct medium on which can be inscribed one's mosquito findings. If several copies 
are available, one may be taken into the field and scribbled on as required, but if 
not, then make during your peregrinations a very rough sketch map, shewing the 
principal points that will be identifiable on the proper map. Then prepare a tracing 
on draftsman's linen cloth of the actual surveyed map, but shewing only the salient 
features of the vicinity, such as hills, streams, bridges, etc., and add thereto from 
the notes on your field copy or from your rough sketch the approximate location 
of the ditches, ponds, etc., that you have examined. These will not, of course, 
be accurately located, but when the engineer_ comes later to carry out your 
recommendations, he will have little difficulty in identifying the spots mentioned 
in your report :-400 feet to 1 inch is the minimum scale of any use, twice this 
is preferable. In absolutely unmapped country a large scale sketch, roughly 
oriented, is the best that can be done, but for the report a map of some kind there 
must be. 

Making notes for the above map as we go along, and starting from a fixed point 
to which we shall ultimately return and know that we have completely encircled 
the area to be surveyed, examine one by one every piece of water, however small, 
that is encountered. On the thorough hunting of each and every body of water for 
larvre, and on the omission of none, depends absolutely the ultimate success of any 
anti-malaria scheme based on mosquito control. 
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The writer takes the following equipment with him into the field :-
1. Box containing 24 4' X 1• flat bottomed specimen tubes, the corks of 

which are serially numbered. The tubes fit through holes in a parti
tion three-quarters the height of the box, the bottom and lid of whiuh 
are lined with sheet rubber. The box has a flexible handle attached 
to the box and not to the lid, which slips aside for . opening, but 
obviates an upset if the catches are pulled back when pushing 
through thick bush. 

2. Two 6" pipettes, 1• bore with aperture not less than i'', with rubber teats 
large enough to enable half the volume of the pipette to be sucked 
up. These lie on the partition in the box between the rows of tubes. 

3. An enamelled soup ladle, the inside of the bowl white, and of 4"' to 5"' 
diameter, with handle about 2 feet long. It is best to use a pattern 
with the end of the handle hooked, so that it can be hung on a belt 
or pocket whilst writing notes, saving much stooping. 

4. A loose-leaf pattern note book, the individual leaves about 6"' X 4'. 
5. Pocket lens. Curved forceps, fiat pointed (entomological pattern). One 

or two tubes of spirit. 
6. Hydrogen-ion reagents and the colour chart from Clark (1922), which 

can be purchased separately. The set fitting into a box with carrying 
handle. · 

A fieldman and c~rassi carry the above, and after a. tittle training soon 
learn their respective duties. 

Arrived at a piece of water, one proceeds to search it systematically for larvm 
by dipping with the spoon. If such are found they are transfe~red by means of 
the pipette to a numbered tube, and if pH work is being done, another tube, filled 
absolutely full of water, without larvre or vegetation, from the same spot is taken. 
The spot iS given a serial number in the note book, one page of which is devoted 
to each spot examined. The actual notes made at the spot should be in the 
following fashion :-(vide Fig. 22, p. 128). 

Even if no larvm are found, a sheet should be filled up. . 
The location of the spot, by number corresponding with the note book number, 

should be entered on the field sketch. Always try and obtain at least ten larvre 
from each spot, and for preference take the larger ones, unless it is suspected that the 
smaller ones represent a different species. Pupre should, of course, be taken also. 

It is impossible to give a good word description of the procedure of hunting 
water for larvm. It is an art that can only be learned by experience in the field· 
An unskilled worker will miss larvm where a skilled performer will find them. In 
any case a negative result should not be entered without a prolonged search, at 
least until long experience has given familiarity with certain signs which generally 
indicate absence of larvre. 
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breeding places on sketch plan when made from field sketches. 
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Larvre of Anophelines, unlike those of many Culicines, are almost invariably 
thigmotropic, not only actively, but also passively, as Hacker (1925) has shewn. 
They are therefore seldom found floating at large in the water, but nearly always in 
contact with the margins, or with floating vegetation or debris. Place the inclined 
bowl of the spoon against the margin, with its lip just below water, and pull or push 
it along fairly quickly whilst water runs into it, or place it quietly under a ma<ss of 
water plants or floating debris from the side, and lift it through the mass, are both 
methods provocative of good results. Where a film of water, such as a seepage, 
lies on the slirface, too shallow to dip into, scraping a depression with the sharp edge 
of the spoon (which should therefore be of stoutish metal), either accumulates 
enoug hwater to dip into, or shews up larvre carried in with the inflowing water against 
a muddy background, whence they can often be directly pipetted off. Puddles 
and hoof-prints in soft ground often reveal their contents when disturbed and ren
dered turbid. A difficult place to hunt effectively is the shallow sandy margin of a 
swiftly running stream without vegetation. Larvre of especially dangerous species 
favour such habitats, and it may be necessary to go on to one's knees and carefully 
scrutinize the water. Scraping with a tilted spoon-edge, or making a depression 
just outside the edge of the stream so that marginal water for some inches upstream 
flows into it, cal!. be tried. Examine carefully natural small bays in the sand, for 
here larvre are especially likely to be found. In a really swift stream, places out 
of the full current, or where grass or other vegetation trails in the water, are 
favoured spots likely to yield larvre when long stretches of the bank are sterile. 

Wells require special apparatus, owing to its being impossible to reach the water 
with the spoon. The writer uses a muslin net tightly stretched across a 12• brass 
ring, from which arise three chains at 120° apart, running together at a swivel about 
ts• above the net. At the upper end of the swivel is a ring to which the lowering 
string is attached. A second string, attached to one side of the brass ring, enables 
iL to be lowered into. the water edge-on, so as to cause the minimum of disturbance. 
The net is worked about by the lowering string, at a depth of about 2 inches and 
directed under floating debris and around the eides. It is pulled up at intervals 
and washed out in a white enamelled basin, any larvre found being pipett.ed off.* 

For tree holes that are too narrow in aperture, or too deep, for the spoon to 
be used, the complicated but effective apparatus of Blacklock and Carter (1920) 
is required. For details of its construction, the original paper should be consulted. 

• The writer is indebted to Major C. H. H. Harold, B.A.llf.o., for the following description of an 
altt.rnative well-hunting apparatus :-A round tin. about 5• diameter and 1s• long, haa the top 
and bottom removed, and in t.he middle of its length is fitted with & ciroulR.r flap valve, ao hinged 
by solder stops that 1t will only move upwards. It is attached to the lowering string by. a 3-point 
suspension and rapidly dropped on to the water surface. The inrushing water from abovo closes 
the valve and holds any lsrve that may have been within the perimeter of the tio above the 
latter. It is then dlawn up and emptied into & dish. The inside of the tin_ and the top of the 
valve may be white painted to facilitate seeing Iarve enclosed. 



130 MALARIA: ITS INVESTIGATION AND CONTROL. 

In spite of the foregoing notes, the writer realizes that nothing but experience 
and practice makes an efficient mosquito-hunter ! 

If pH work is being done, fro~ time to time, say at hourly intervals, sit down 
and d~termine the pH of the water samples accumulated, entering them on their 
proper sheets in the note book. By this method tubes can be emptied of water and 
used for larvm if required, but a good morning's work seldom results in filling the 
whole 24 tubes of a box with larvm. In view of the laboratory work which must be 
undertaken in the afternoon, it is inadvisable to accumulate too many samples in 
one rooming. 

Though hydrogen-ion determinations are perhaps not part of a routine survey, 
they are at times very useful, in revealing that under no circumstances could a 
species that the water looked as if it might contain have been present, thus confirm
ing a negative. result (Senior-White, I926), but such work belongs more to 
research than to the routine of a malaria survey. . 

A good fieldman is an enormous advantage. Under a hot sun, knee deep in 
mud, it is tiring and temper-trying to stand with a full spoon in one hand and 
a pipette full of larvm in the other, and not find an uncorked tube next in number 
held convenient. A fieldman proved trustworthy and with a previous experience 
of a locality can repeat a survey of bodies of water of which he remembers the 
location, though through the inability of men of this class to read or make a map, 
their usefulness in this respect is limited. 

On return to the field laboratory it is necessary to determine the day's catch, 
and for this purpose the following is the writer's equipment :-

1. Several dozen white bowls, about 3" diameter and 3" height, :flat 
bottomed. These are purchasable very cheaply from Messrs. Smith, 
Stanistreet & Co., Calcutta, who call them ' common country 
gallipots.' 

2. Squares of window glass, 4" X 4," to form covers for the bowls. 

3. Compound microscope with lenses up to 11ith". The mechanical stage 
must be easily detachable for larval determination work. 

4. Compound binocular dissecting microscope giving magnifications up to 
X 50. 

5. Plain slides, on each of which has been fixed by a drop of Canada balsam 
a fine entomological pin, at about I" from one end. 

6. Cover slips and mounted needles. 

7. Chloroform in a drop bottle. 

8. A I" cube 'of plasticine. 

9. Fine entomological pins and a small specimen box. 
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To this is added the usual reagents, dishes, etc., for staining blood films, though 
as a rule the writer prefers to bring blood slides back to examine in the comfort of 
a properly equipped base laboratory, though it is always necessary to be prepared 
to do blood work in the field laboratory. Blood films for storage until the return 
to the base must be fixed but not stained as soon after taking as possible. If 
working in a tent, or in Provinces such as Madras with unfurnished rest houses, 
camp tables in sufficient number must be added tO an already large equipment. 
The writer has a long, narrow, folding table on detachable trestles especially for 
breeding bowls that is very convenient • 

.Arrived at the field laboratory, the first thing is to turn out the morning's 
catch from tubes to bowls. Under each bowl is placed the sheet from the note book 
which has re_ference thereto, and the glass covers of the bowls are numbered with a 
grease pencil to correspond. ' 

Next, it is necessary to identify the larvm caught. Though we are endeavouring 
to obtain a check on our identifications by breeding out the adults, larval identifica
tion, so far as this is possible, is essential, on account of the heavy mortality which 
is almost unavoidable with Anopheline larvm in captivity. , 

The writer's procedure is as follows. Each bowl with its notes' sheet is brought 
in turn to the microscope table. A second bowl of clean tap Qr other water is placed 
contiguous. One by one the larvm in the original bowl are pipetted to a drop of 
water on a slide with pin affixed. The size of the drop of water should be neither 
too great nor too small. Otherwise, in the first case, the cover slip, which is now 
dropped over the larva so that it also rests on the pin, floats about, and the lal'Va, 
which should be i.mn{obilized without being crushed by the slip, wriggles free ; in 
the second case, the water collects round the larva, and the meniscus obscures the 
view of the hair appendages, and more has to be run under the cover slip. The 
larva is now identified (vide Appendix III), after which the slip is raised by a 
mounted needle and the drop of water with the larva shaken or flushed into the 
bowl of clean water. The identification is entered on the note slip. If more 
than one specimen of a species is found, as is usually the case, a series of strokes 
after the name are added as each specimen is identified, and a total made at 
the end. -

When the bowl has been worked through, the now larva-filled clean water 
bowl and the note slip are returned to the breeding bowl table, and the cover 
replaced. 

It is necessary to feed the larvm in tap water, and for this purpose nothing 
is better than compressed yeast, powdered, as originally described by Boyd (1926). 
Very little powder is required, as much as will go on the point of a knife is ample. 
Yeast water should be changed every two or three days, or it becomes so polluted 
with bacteria, etc., that the larvm are killed. By this means nearly every species 
of Anopheline can be bred up, from the egg if necessary. Change at once if the 
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water develops the least sign of a sour smell. The yeast tablets are hygroscopic, 
and should be kept in well fitting tins. Enough powder for a month's work can 
easily be carried in a 2-oz. wide-mouthed bottle, well corked. 

Feeding ~nd water changing should be carried out by the fieldman, who 
during examination also keeps the microscopist supplied with bowls. Do not 
trust a chaprassi, for instance, to do the latter. He may mix up bowls and note 
slips! · 

Do not overcrowd your bowls with larv:e. Mortality is always higher in 
crowded bowls. 

Adults which have emerged from pupre are held in the bowl by the glass cover 
and are easily seen. Stupl.fy by slipping a piece of blotting paper on which a little 
chloroform has been dropped under the cover, and when the mosquito has fallen 
on to the water, pick off with forceps, pin by inserting the point between the legs of 
the insect, laid on its back, and drive the head of the pin into the lump of plasticine. 
Do not replace the cover on the bowl for a few minutes, until the chloroform fumes 
have evaporated, or you may kill still-feeding larvre, and unemerged pupre. Leave 
it off, as a routine, until the result of adult identification can be entered on the note 
slip. Place the adult determinations in juxtaposition to the larval. Adult deter
minations are best made under the binocular microscope, bu~ with experience, the 
common Anophelines of India are all determinable with a hand lens, when the 
binocular need not be taken about unless required for other purposes. In such 
circumstances a doubtful specimen can be preserved for· subsequent high power 
examination in the base laboratory by cutting the head off the mounting pin, and 
storing, with label bearing reference number to the note ·slip, in the insect store 
box. · 

This completes t~e actual mosquito field survey, though see also Section VII. 
Owing to having to wait for larvre to breed up, it is a somewhat lengthy b1:1siness; 
which is why it is suggested that the field catching of larvre be the first work under
taken, leaving the days whilst they are feeding up free, save for each morning's 
determination of emergencies, for spleen work, etc. Another advantage is that one 
at once becomes familiar with the neighbourhood. 

The writer ultimately transfers the whole of the notes and observations 
which have accumulated on a note slip to a printed card which is filed in a 
card-index cabinet, with guide card for the place surveyed. Thus the whole of 
the information on Anopheline distribution and breeding is available for reference 
purposes. 

_ What has been discovered has now to be shewn on the plan of the locality. 
On it, each body of water is numbered in agreement with the note slip (which has 
now been destroyed), and the record card that has taken its place. Following the 
method first used in tsetse fly surveys, the writer has adopted a standard series of 
symbols, which are drawn on the plan as near as possible to the outline of the 
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breeding place. This has the advantage of economising space on the plan, and if the 
latter covers investigations made at two or more seasons of the year, the symbols 
can he repeated in varioUB colours so. as to shew the changes in fauna which take 
place. The names of species known to carry malaria· the writer underline.-; in red 
in the reference key to the symbols in the corne~ of the plan for the convenience of 
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F1o. 23.-Reoord card for a breeding place to correlate with final survey plan and control instructions. 

the non-professionals who may study it. The set of these symbols for India are 
given in Fig. 24, and it is suggested, as in African tsetse fly work, that they he 
generally adopted by all workers in India and Ceylon. A similar set could easily 
be devised for other countries. 



'STANDARD SIGNS roR THE 

ANOPHELES 
OF 

INDIA, BURMA & CEYLON. 

@ Anopheles aifkeni Jdmes 
If' " annandalei Prashad 
w " haria nensis James 
t><l " ba.rbirosfris Wulp 
D '' cu/icifdCies Giles 
<1> ,, culiciformis Coghill • II fuliginosus· Giles • ,, funestus Giles 
± .. gigas Giles 
0 It jamesi Theobald 

• If jey poriensis James 
\7 " karwa.ri James 
@ ,, kochi Oondz 
® ,, 1eucosphyrus OO'nitz 
)\ II lindesa.ii Giles 
® II ludlowi Theobald 
~ ,, maculatus Theobald 
CD IO maculipalpis Giles 
e II pallid us TheobaJd 
([)) 

II pulcherrimusTheobdld 
® ,, rhodesiensis Theobald 
z II rossi Giles 
M I' sinensis Wiedemann 

+ II stephensi Liston 
E9 II superptdus Grassi 
X ,, fessellatus Theobald 
6 II t heoba ldi Giles 
© II turKhudi Liston 
'if II umbrosus Theobald 
X ,, Vdgus Diinitz 
© willmori James 
FIG. 24.~tandard signs for the Anopheles of India, Burma and Ceylo~ 
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At times the work of the malaria investigator carries him into places 
where all the apparatus detailed above cannot be transported. In the Vizagapatam 
Agency Tracts, for instance, roadless or almost so, damage to microscopes and 
chinaware would be immense if bumped over the boulder-strewn ravines which 
the maps of the Survey Department. dignify as ' first class roads,' and the 
former at least would suffer should coolie transport lose its footing in dubious 
fords of unbridged rivers, whilst transport of any kind may be so scarce that full 
equipment cannot be carried. Moreover, the worker may be steadily on the march 
day by day working up a valley. ·In such cases, larval determinations alone have 
to be relied on. The larvre, if no microscope is available, are first killed by placing 
them in water in a test tube and bringing the contents just to the boil over a travel
ling spirit lamp, which kills them fully stretched out, and then crowded into 1• X 1• 
specimen tubes in water, and preserved by adding to this a few drops of a saturated 
solution of mercuric chloride. The tubes are labelled inside in pencil with reference 
to the note slips (which are then not removed from their book cover), and the 
contents identified on resuming touch with civilization. Larvre thus preserved are 
found less contrac~ and crumpled, and with their diagnostic points more visible, 
than when placed in spirit or formalin, pr9vided the interval between capture and 
examination is not too long-a month or so. Also, when equipment must be cut 
down to the uttermost, a few ounces of saturated mercuric chloride solution occupy 
less space than spirit in some quantity. · 

By such means, equipment enabling some idea to be obtained of the malarious
ness and malaria-causative species of a tract can be cut down to a spirit lamp; two 
or three test tubes, a hundred or so small specimen tubes and enough slides for blood 
films, with oddments such as hand lens, needles, forceps and pipette, the whole 
easily packing into a small ·box much less than. a man load; but such methods 
should only be adopted when absolutely unavoidable. They do not compare in 
accuracy with the proper procedure and are really only_ applicable to preliminary 
flying surveys. 

Occasionally, it may be worth while starting a spot-map of malaria cases, if 
such can be continued over a year. By this means comparison with the survey 
map may shew the breeding places mainly responsible for the trouble. 

VI. Have the various Species a Seasonal Distribution 1 

In general this question can be answered in the affirmative: Quantitatively 
as well as qualitatively, the Anopheline output of a piece of water almost invariably 
varies throughout the year, save perhaps in the perennially moist tropics, such as 
Malaya. Very little is known about the reasons underlying this ; for an exposition 
of what is known, and the line!l on which further research should proceed, the reader 
is referred to Senior-White (1926) and Senior-"\\lhite and Williamson (1927). If 
the factors controlling these variations were understood, it would be possible to 
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control malaria with certainty and cheapness. Research along these lines, however, 
is not touched on further here. However, it is extremely necessary that, in 
surveying, an idea at least of the seasonal specific changes should be obtained. 
A rice field, for instance, that we find freshly flooded with clear rain water in 
July and breeding A. culicifacies, will after ploughing, become populated only 
by A. rossi. Later in the season, this species will in all likelihood be replaced 
by A. sinensis, though A. rossi will return when the last few pools are drying 
up in January after reaping. As a source of malaria, then, we are only concerned 
with the rice field for a few days or weeks at most. 

It will thus be seen that an inexperienced worker, making a single examination, 
may either condemn the rice field as dangerous, and elaborate expensive schemes 
for ameliorization, or pass it as hamiless and have his protection scheme vitiated, 
according to the month in which his survey took place. 

The ideal method, and the only one which should be adopted when a large 
scheme is envisaged, is monthly surveys over a whole year. This is not always 
practicable. If the survey is made about the height of the local fever season, the 
results of a single survey can form the basis for a scheme. It is true that the in
sufficient data thus obtained will probably result in a certain amount of unnecessary 
treatment, but the result will be sure, though more expensive than it need have been. 
If the survey is made in a month when activ~ propagation of malaria is not taking 
place, a return visit must be made in a more suitable month. After long experience 
of similar country, a worker can often envisage what will be the mosquito fauna of 
the dangerous period of the year, and devise a scheme based on probability and not 
on actuality, but this is a very risky method of procedure, and one not to be adopted 
unless driven by urgent necessity. In any case, especially in hill country, no idea 
of the extent and location of seepage water can be gained from a dry season visit. 
With a water plan of the locality, as previously described, in existence, re-survey 
becomes a much more rapid matter than the original work, and in India an effort 
should always be made to re~visit a locality surveyed during any other time of the 
year between August and October. In many localities it is probable that active 
propagation of malaria is confined to less than four months of the year. An intensive 
anti-mosquito attack during those months is all that is required entomologically, 
whilst effort over the remaining months is to be confined to effective treatment 
of those infected. It is useless spending money killing off species which do not 
carry. malaria, and in every anti-malarial scheme, on the mosquito side, only species 
control is to be aimed at. · 

VII. Which Species of Anopheles are responsible for carrying 
the Disease ? 

In the answer to this question lies the whole reason for the species control 
menttoned in the preceding paragraph. In Calcutta, for instance, it does not matter, 
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malarially speaking, in the slightest if)he place pullulates with .A. vagus, so long as 
the much fewer but better hidden breeding places of .A. stephensi are known and 
controlled. A seepage spring may breed .A. karwari to the top of its bent, and we 
are not concerned, but let the closely allied .A. maculatus get in, and immediately 
we may expect an outbreak unless the place is dealt with. 

Not only, therefore, do we encounter species which do, or do not, carry malaria, 
but, in two places with the same species comprising the anopheline fauna, in each a 
different species may be responsible for most of the malaria causation. 

In the first place, therefore, we require to know what species of Anopheles are 
capable of carrying malaria, given suitable conditions. The Oriental fauna may be 
divided into the following categories :-

TABLE IV. 

Completely Carrying experimentally but Found infected in Na.ture.! No information 
refra.ctory. not yet found so na.tura.lly.• a.va.ila.ble • 

A. a.itkeni .. A. baria.nen~~i8 •• (S) A. ba.rbWo&triB •• (Z) A. a.nnarzdalei. 

A.kanoa.ri .." (S) A. cvlicifaciu •• (S) ~· culieiformi8 • 

A. koMi . • • (Z) .A. Jvligifi08U8 •• (S) A. giga&. 

A. macvlipalpi8 •• (Z) A. fv,fU!IItru • • (S) A.jamui • 
-

A. roBlli •• (S) A.ludlowi •• (S) A. jeyporienBiB • 

A. te&sela.tru •• (Z) A. macvlatru • • (S) A. leUCOBphyrru. 

A. theobaldi •• (Z) A.pallidru •• (Z) A. lindesaii. 

·A. pulcl&emmru •• (Z) A. rlwduien~~i8. . 
A. sinenBiB •• (Z) A. tXZgta. 

A. BtephenBi • • (S) 

.A. llttperpietru .dS) 

A.lurUudi •• (S) 

A. umbrolltU •• (S) 

A. llliUmori •• (S) 

• Z = Zygotes found. 
S = Spnrozoites found. 

This is the commonly accepted position, but following the recent work of 
James (1926), the whole of the results will obviously have to be re-done by 
better experimental methods. This is not work for a malaria surveyor, who may 
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be compared with a general practitioner, but for the research worker with full 
laboratory and hospital facilities at his hand. Pending this being done, the third 
column in the foregoing table must form our working basis, always remembering 
that when we encounter adults of species still in columns 2 or 4, we stand a chance 
of accumulating information which will transfer them out of it. 

In the second place, we require to know what is the local carrier or carriers of 
the spot we are investigating. Because, for instance, search in houses yields a 
heavy catch of A. fuliginosus, a. natural carrier, it is not safe to assume that by 
especially attacking this species we shall control the disease. Among the catch, 
if numerous enough, we may find a few A. funestus, and in all probability we are 
then looking at the real culprit, numerically insignificant though it appears to be. 

To complete a malarial survey, therefore, it is necessary to make a catch of 
adult Anophelines, not only in the houses of the place we are investigating, but 
in other spots likely to be day-time resting places, such as cowsheds imd among 
thick bush growth. This alone may yield very valuable information leading to the 
incrimination of the true culprit-species. A. funestus and A. culicifacies are both 
excellent natural carriers, but as Perry (1915) shewed, in the area he surveyed on 
that occasion the former was much the more common in human dwellings, and the 
latter in cowsheds. This would not be applicable to every locality, b~ it reme~bered, 
which shews the necessity of making a really separate investigation of each piece 
of work, and not accepting as applicable to one place conclusions formed from the 
study of another. Local conditions are all important. · 

How then to set about this piece of work 1 
The writer usually takes with him an electric torch, a box of perfectly dry 

tubes, (lach lightly plugged with cotton-wool,. an ordinary butterfly net with very 
fine mesh on a short handle, and a killing tube made by ·setting potassium cyanide 
in plaster-of-Paris to a depth of about !" in a 3" x 1" specimen tube. Over the 
cyanide mixture is placed a layer of cotton-wool, which is changed from time to time 
as it becomes damp or dirty. In a village house the places to search for resting 
adults by day are the corners of the roof with the walls, the thatch of the roo£, the 
underside of bamboo shelving on which household goods are stored, and similar 
quiet places. When a mosquito is spotted, cautiously approach a tube over it, 
and then disturb it by a sideways movement of the tube held against the resting 
surface. The insect will fly up, and when it is well up the tube, which should be a 
fairly long one, and not of a lesser diameter than 1 ", rapidly plug it with the cotton
wool, which has meanwhile been held as in bacteriological manipulations. Practice 
is necessary to achieve this little operation successfully, and nothing can take its 
place. Do not try and subsequently use the same tube for a second mosquito ; 
almost invariably the original capture will be lost. 

After completing the ' quiet ' search, tap the underside of the roof, the shelving, 
clothes piled in corners, etc., with the net, and catch insects which fly up. 
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Occasionally such captures can be transferred to tubes alive, but usually they have 
to be killed at once in the cyanide bottle owing to the difficulty of manipulating 
them in the net. 

In better class houses, in addition to the likely spots described above, 
almirahs full of clothes are favourite day-time resting places. Usually, however, 
the insects are only found after disturbing the contents, and have to be caught in 
flight. 

In cowsheds, the underside of the thatch is the most usual resting place. 
Among bushes, only active disturbance will gener.ally reveal the insects by day. 

The best time for search are the morning hours, when more of the insects are 
likely to be sluggish whilst digesting their overnight meal, and so less easily disturbed 
~~in~ • 

In hunting houses, especially amongst an ignorant population, great difficulties 
are often encountered. The help of the headman or other official known to the 
people should be enlisted, so that he can eiplain with good chance of belief the 
object of your disturbance of their privacy. 

When as many as possible of the tubes have been filled, the catch is taken to 
the laboratory, and for the first time is examinable at leisure. 

Arrived there, examine each tube, with a hand lens if necessary, and discard 
th~ Culicine mosquitoes which will inevitably form part of the bag. Next, set aside 
in a shady place those tubes containing mosquitoes obviously engorged with blood, 
to complete its digestion. It is practically impossible to make a proper dissection 
of an insect whose stomach is full of semi-solid dark blood. But, examine tubes 
thus put aside at least once daily. Fatalities are common, and an insect dead any 
length of time is undissectable. Should an engorged insect be found dead, make 
an attempt to tease it apart somehow. 

The remainder of the catch, and those put aside in due course, has now to 
be first identified, and then dissected. With experience, the former procedure 
is frequently practicable with a hand lens through the tube, whilst the insect is 
living, but if not, and in any case for the subsequent procedure, kill it by 
allowing a few drops of chloroform to fall on to the cotton-wool plug. Then 
pin it as in examining a bred-out specimen, but inserting the point of the pin 
as lightly as possible, and determine it specifically. In dealing with a badly 
rubbed specimen all the characters given in the identification key in Appendix 
II may not be apparent, and experience and judgment is required to arrive at a 
correct diagnosis. 

If the insect is a male, it can now be destroyed. Males do not suck blood, 
and their presence in a house in any numbers is indicative of a very nearby breeding 
place, or of a steady influx of wind-driven insects, both points useful to know. 
However, the majority of the catch is sure to consist of females, and it is necessary 
to dissect them for parasites. 
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The procedure is as follows :-
1. With fine forceps pull ofi the wings and legs, trying to get the latter, 

especially, away by the roots, as this loosens all the tissues. 
2. Lay each insect, thus treated, in a watch glass of 0·9 per cent saline (which 

is preferable to the ' normal ' strength) ; but if you are dealing with more than one 
species, be careful, as the now c~mpletely denuded insect is indeterminable. A 
series of watch glasses should then_ be set up. 

3. On a plain, perfectly clean slide place a small drop of saline. As much as 
can b~ transferred on the tip of the handle of a mounted needle is usually sufficient. 
Place the insect on its side in this with its head towards your left hand. Trouble 
with capillary attraction is experienced if the slide is not perfectly clean. In that 
case, work with as little saline as possible, or a very large quantity, but either way 
the subsequent procedure will be more troublesome. 

4. Holding the insect by the shaft of the left-hand needle a little way behind 
the point pressed on the side of the thorax, with the right-hand needle make a nick 
in the integument of the abdomen between the last and the penultimate segment. 
Turn the insect over, and do the same on the other side. 

5. Revert the insect to its original position (this is not essential), and work 
the right'-hand needle between the two segments thus separated, not holding the 
needle vertically, but well inclined, so that its point only is in contact with the 
chitinous wall of the last segment, and then proceed to make a 8teady slow traction 
on the last segment, holding the thorax steady with the left-hand needle. The 
last segment will separate, and draw with it the stomach and hind intestine, with 
the Malphigian tubes arising from their junction. The stomach will separate from 
the resophagus at its junction with the latter. 

6. Draw the segment with attached organs well clear of the rest of the mosquito, 
cover with mor~ saline if necessary, and make a cut with the right-hand needle 

·at the point of insertion of theMalphigian tubes. The latter, with the hind gut and 
last segment, are now lifted from the slide and thrown away. The stomach has thus 
been isolated. -

7. . Now return to the mosquito. Make cuts as shewn in Fig. 25, and holding 
the thorax steady, put slow, steady traction on the neck against the back of the 
head. It is usually easier to turn the slide round so that the head faces the right 
hand, and so to use the right-hand needle. The head will separate, and should drag 
with it the resophagus and two glistening masses of white tissue from above the base 
of the front legs in the thorax, which are the salivary glands. Without much 
practice (and it is very easy to get 'out of practice'), this is a far from easy 
operation, and if it fails, it is necessary to try and tease the glands out of the thorax. 
For this a dissecting microscope is almost essential. The writer prefers to use a 
binocular for all the foregoing operations, with the slide on a black and white 
porcelain tile, which greatly facilitates the various procedures. 
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8. When the glands have been freed, they are separated from the head if 
still attached thereto. 

9. By now the saline is a mass of detached scales from the insect, and other 
debris, ruptured fat body, and the like. Take another clean slide, and on it put 
two very small drops of fresh saline, well separated. With a needle point transfer 
the glands and the stomach to the two drops, and place cover slips on them. 

10. Examine the stomach for oocysts with a lth inch, the glands for sporo
zoites with a /,.th inch oil immersion lens. A good light and the diaphragm nearly 
closed are essential, as we are looking at unstained objects. 

To make permanent preparations of the parts is no part of a malarial survey. 
If such are required, the procedure will be found in James (1920). 

Fm. 25.-Dissection of a mosquito for oocysts and sporozoites. (After James, 1920.) 

The great secret of success in the foregoing procedure is perfectly clean slide~ 
and really sharp needles. Of the latter, one should be round, the other flattened 
and sharpened on both edges. It is best to possess a small oil stone for keeping 
nee(lles in order, and check sharpening by examination under a low power of the 
binocular. The least trace of rust on the needles will cause the tissues to adhere 
to them in a most maddening way. Needles should be carried with corks to protect 
their tips. 

The last piece of information required has now been obtained. We have found 
the carrier species, and from our breeding place survey know where it is coming 
from. Do not, however, hope to achieve results of any value from a few captures 
and dissections. Seldom, indeed, is more than 1 per cent of the actual carrier species 
found infected in Nature. The more insects are worked through, the more chance 
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there is of results being accurate, Do not neglect to examine species tabulated 
as non-carriers, totally or in Nature. On none of them has enough work been done 
to be dogmatic. Many interesting results, well worthy of publication, await the 
patient investigator. 

VIII. Is .the Malaria becoming, or is it likely to become, worse or better if 
nothing is done ? . 

The following sets of circumstances have to be considered:-
(i) A oommunity in a locality unlikely to change in oonstitution or topography.

ln this case, be the malaria incidence what it will, no change is to be apprehended. 
(ii) A community gradually taking up agricultural pursuits, such as an aboriginal 

tribe beirlg taught better methods by the Agricultural Service.-ln this case, following 
on the better utilization of wa~er, conditions are likely to improve slowly, but if there 
is an in:fl.ux of non-immunes attracted by cheap land, or a new irrigation scheme, 
the first few years will probably shew such a flare-up of the disease that the whole 
scheme may be ruined. Badly managed irrigation has upset the health of many 
places, as in some of the Punjab Canal Colonies. 

(iii) A highly or hyper-endemic locality in which comme,.cial operations are to be 
initiated.-Whether these are of an agricultural or engineering nature, so long as they 
involve local labour, little change is to be apprehended, unless it is foreseen that the 
proposed work invoives changes in the nature of the water system of the country. 
Massing even semi-immune aboriginals on tunnel works that will involve exposing 
numerous seepage springs may cause enough breeding to upset even their ' fever
proof ' economy ! Again, if deforestation is likely to let in a dangerous species by 
exposing streams to sunlight, the situation is full of peril. If non-immunes are to 
be imported in quantity, such as the use of Chhatisgahris for a new tea garden or 
railway construction, a flare-up is certain if enough breeding is present. Where the 
proposed works entail the creation of fresh breeding places, and especially if they 
are liable to 1et in a new and dangerous carrier, such as railway or road construc
tion through heavy forest in Malaya, then an outbreak on a big scale is absolutely 
certain. In any work in highly or hyper-malarious ·country the management of 
the project, principal and subordinate, being necessarily imported, are certain to 
suffer in either case, and numerically small though their total will be, their con
tinued health and efficiency is vital to success. 

We now possess all the information necessary for the presentation of a detailed 
report. 
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THE DESIGN, CoNSTRUCTION AND MAINTENANcE oF ANTI-MALARIA. 
MEASURES. . 

IN the previous chapter the carrying out of a malaria survey was described in 
detail. In the present chapter the action to be taken thereon is considered. It is 
presumed in the first place that the disease has been found to be of sufficient 
importance to warrant control measures. 

Evalu.iltion of Loss.-Now in the first place it is necessary to bear in mind 
that enormously expensive schemes are only justifiable when the disease.· is corre
spondingly costly to t_he interested party. It is, for instance, totally useless to pro
duce q. scheme costing lakhs for the protection of a malarious village. Save perhaps 
in war time, malaria control must be shewn.to 'pay • directly in relation to what 
the disease is costing or is likely to cost. In the first place, therefore, it is necessary 
to evaluate the cost of malaria to the community concerned. In India this is usually 
impossible save in the case of places controlled by capitalist concerns. A planta
tion, for instance, will possess records of the number of days work lost by each coolie 
through illness in the estate ' check-roll.' Correlation of these records with those 
of the dispensary or hospital on the estate will give the number of days work lost by 
malarial attacks. It is seldom indeed that an ,estate is so well stocked with labour 
that any large proportion of the force can be off sick without loss of crop. Tea, if 
not plucked at the correct moment of maturity of the ' flush • gives leaf of a lowered 
value, and the subsequent producing power of the bushes is lessened until the next 
pruning season. Rubber, if not taken o1;t of the tree on the proper day of the 
tapping round, is lost for ever. · In addition, direct losses are involved through 
expenditure on quinine and other drugs, the issue of free ' sick-rice • to coolies unable 
to work, and the recruitment of excess labour to cover malarial wastage. Adequate 
accountancy knowledge is required to properly evaluate all these factors, and such 
is not part of the professional equipment of a medical man or entomologist, but an 
idea of how to proceed with such enquiries must be acquired if the malariologist is 
to be in a position to convince the powers-that-be that his scheme is not impossibly 
expensive. 

In railway working, direct losses due to sick pay are easily obtainable from office 
records, but the much higher indirect losses from delayed trains, loss of traffic, men 
.moving on sick relief, etc., are very difficult to arrive at. Figures cannot be obtained 

( U3 ) 
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on the spot, and the assistance of other branches of the administration is required. 
In investigating railway malaria, do not forget that the unhealthy station is 
responi?ible for more malaria than shews in the records of its own dispensary. Men 
infected there may shew the developed disease elsewhere, on the books of another 
dispensary, so find out the nms- on which the train-men from your particular 
spot work, and from what other stations men work in and' book-off' for the 
night. 

Less than a year's records are of little value, and owing to the annual fl.uctua-
-tions of the disease the average of as many years as possible is desirable, but 
having obtained a figure, the capitalized value of the loss must be arrived at. This 
is indeed a matter for expert accountancy, on which the writer has yet to secure an 
ex-cathedra pronouncement. Till such is obtained, it is recommended to follow the 
practice hitherto adopted by him and base the calculation on the 'eight-years
purchase-of-profits' principle of valuation used in tropical agriculture, which he has 
hitherto had accepted, though probably only for lack of expert argument to counter 
it I 

Supposing therefore that the annual (or much better the average annual), 
loss from malaria on a plantation or mine, or at a railway station, is n rupees, then its 
capitalized value is eight time this figure. In other words, any sum of less than thi11 
amount expended on malaria control, if it will totally eradicate the disease, is sound 
finance. If only a reduction in its incidence can be hoped for, then the sum justifi
ably expendible must be reduced prop~rtionally with the percentage of reduction 
considered possible. In expending the capital sum finally shewn as justifiable, a 
portion must be set aside, the normal interest on which will yield enough to maintain 
the works for the future. This)um:must include)xpendible stores such as oil, as 
well as wages. 

Temporary versus Permanent Measures.-This is the next point needing consi
deration. The latter, in any case, are of course not justifiable where only temporary 
human occupation of a site is contemplated, such as a construction camp, but when 
permanently occupied sites are concerned, the two alternatives have to be balanced. 
Temporary measures, which are mainly open drains and oiling or other chemical 
treatment of breeding waters, are much cheaper in the beginning, but the work is 
never done ; there is a recurring cost for chemicals, and the intensely fallible human 
factor is prominent. Permanent measures, by which are meant the definite occlu
sion of the breeding waters from the mosquito by sub-soil drains, etc., cost far more 
initially, but once completed require little watching, and that by skilled and there
fore far more reliable labour, with very low upkeep charges. If funds will permit, 
which is seldom in this country, permanent works are infinitely preferable. Where 
they a-,:e installed the responsible malariologist can sleep soundly, and not lie awake 
wondering if the .oiling coolie at some place five hundred miles away skimped his 
work last week I 
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Design of Anti-ll!osquito JJfeasures.-As the result of the malaria survey, we 
possess a plan of the area with the Anopheline findings entered on it. In addition, 
we have our mental photographs of the actual terrain, if we make out our protection 
scheme whilst the survey is fresh in our minds. Otherwise it is best to go back and 
do it on the spot. 

From Table IV we know what are the dangerous ones among the species which 
we have found. Our index cards and house capture records tell us their relative 
abundance, but generally not more than two species appear responsible for the local 
malaria out of more than a dozen which we may have found. These two may co
exist, or may have different seasons of abundance. For instance, the onset of the 

Fm. 26.-Grass-edged stream with Spi.rogyra f!e&r Waltair, 1\ladras Presidency. .d. funestus 

present in large numbers. 

monsoon may create clear rain pools on grass full of A. culicifacies, whilst towards 
or just after its cessation, streams now running slowly down from high ground may 
be producing A. Junestus. Dangerous species which appear sparsely in peculiar 
spots should be borne in mind, as they may greatly proliferate in a year of special 
conditions, but usually such places can be covered by a note on the working plan 
for the control staff about annual examination during particular months, with 
directions for temporary treatment if Anopheline larval (which is the most a sanitary 
inspector can be expected to recognize) are found therein abundantly. Short of 
residence by the malariologist on the spot under control it is never possible to be 

j 
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certain that all breeding is being dealt with, or that oil is not being wasted on killing 
harmless species, or on already sterile water. A certain amount of hit and miss 
work is the best that can be expected in the existing state of our knowledge. If 
there is not enough ' hit,' the weekly malaria return will very soon show it ! In 
any case, no control scheme should be instituted which does not contemplate and 
estimate for periodical return visits by a malariologist. Nature is never static, 
and we have to anticipate the possibility of ' breeding place deviation' (Swellengre
bel, 1919), by which is meant the occupation of other and less suitable water by 
species driven by control measures from their normal habitats. 

A quiet study of the survey plan thus enables us to decide on the culprit locali
ties from which the malaria arises. How is one to deal with them 1 Every place 
requires considera- tion on its ~wn 

merits, and the ap- plication of know-
ledge which can only be acquired 
by actual experi- ence. It is obvi-
ously impossible to detail suitable 
methods for all localities-a . few 
typical ones com- monly met with 
must suffice. No hard and fast line 
can of course be drawn 
many of the types described, 
shade off one into the other. 

between 
which 

Grassy-edged Streams.-(Fig. 26). 
The great t:Q.ing is to get as even and 
swift a flow as possible, without 
pockets or back- waters. In other 
words, the stream should, as far as 
possible, be ' cana- lized ' (Fig. 27). 
The sides should FrG. 27.-Canalized stream, ,Mauritius. be evenly sloped at 
about 45° right down to the bot-
tom. To prevent bottom scouring, a layer of ballast stone is excellent where funds 
permit. Embayments in the banks too deep to bring into line during earth work 
should have a line of large stones (not necessarily masonry), fixed into the 
soil on the proper line, and the embayment behind filled in with earth from 
' capes ' cut off near by, right up to the general ground level behind the stream. 
If floods are anticipated before the earth can consolidate or vegetation bind it, 
then the whole should be roughly stone pitched after filling, but in general 
anti-malaria engineering works should be carried out in dry weather in the first 
half of the year. Working in water never affords as satisfactory a job. Another 
simple method of dealing with embayments in shallow water courses and which 
is very suitable for repairing small flood erosions in drains is an XXX arrangement 
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of sticks thrust into the earth in line with the true edge, stones and earth being 
rammed in behind to fill the rocket. Meandering areas in a stream, which fre
quently have swampy margins, are best dealt with by a straight-through new 
channel, with stone and earth banks where it crosses the windings of the former 
bed. 

A stream thus treated, so long as its fiow is in fair volume, and the margins 
bare of all trailing grass and creepers, is practically self-sterilizing, unless we are 
dealing with A. maculatus, specially adapted for life in swift rocky streams and able 

FIG. 28.-Estate Ravine, Matale District, Ceylon. A. maculatw and A. funestU8. 

to find sustenance in clear running water, but as in any case the stream may slow 
down after rain has ceased and become dangerous, it is wiser in all cases to 
supplement canalization by oiling. 

Sub-soil drainage can of course be used in lieu of training and oiling. Its 
installation forms the subject of a separate section {Appendix IV). 

Oiling alone will not act efficiently. In an untrained stream overhanging 
vegetation will catch the oil and leave clear areas between it and the bank where 
larvre will be able to develop. 
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Irrigation channels fall into this class of stream. They should be especially 
well trained and maintained, as oiling them is apt to lead to trouble with rice field 
owners. 

·streams in Ravines (Fig. 28). H~re we usually find the stream in a deep bed, 
full of bush and creepers, leaping from pool to pool by rapids or actual water-falls, 
and generally (A. maculatus and A. willmori are again exceptions) larvre are only. 
found in the pools. The first thing* to do is to clear off the overgrowth of bush and 
get a proper look at the whole ravine, so as to decide on what measures to adopt. 
If the fall is very great and the bed mainly in earth, it is usually useless to take 
levels and make an even slope right down, filling up the pools to the general level 

FIG. 29.-8eepa.ge at foot of cliff in valley-like ravine, 
Viza.gapa.ta.m Agency Tracts, Madras Presidency. A. funestus. 

with stones. Certainly a beautiful looking job results, but a few days of really 
heavy rain will show further pot holes in the course of formation in the new bed, 
and the grading process cannot be repeated indefinitely. If money permits and 
stone is plentiful near by pitching the whole bed can be considered, so that the 

• In ma.culatus-country the utmost caution must be exercised, however, in letting sunlight on to 
running water. As has been stated previously, in really heavy shade maculatus does not exist, and 
clearing lets it in. But a. stream should not be passed as sterile from maculatus owing to shade, and 
the conservation of the latter given as a. control measure, without repeated and thorough examination 
throughout its course through the area. to be controlled. Even then a. steady watch must l:e kel't· 
Silt accumulations may kill shade trees or a. big tree may fall, and let in sunlight and maculatus. 
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re-grading stands up to floods. If not possible, then sub-soil drainage must be 
considered. 

A stream cascading over a rocky bed may require a considerable amount of 
blasting, and of concrete filling of embayments, before anything can be made of 
it. Of course in temporary protection works less engineering and more oil will 
probably prove the cheapest, but here the probabilities must be balanced according 
to length of occupation of the site. 

Hilljoot Seepages (Fig. 29). The method par excellence for these is a system 
of hill-foot contour drains to catch seepage at the point where it arises (Fig. 30). 
Any attempt to drain the swampy area below by a central and herring-bone lateral 
drain is usually disappointing, but this depends on the nature of the ground. It is 
tempting to try the latter, because the contour drain wants taking deeper, and 

.Fw. ~0.-Hill-foot contour drains, Kuala Lumpur, F. M.S. A. maculatu.s. 
(From a. lantern slide kindly lent by the Wellcome Bureau of Scientific Research.) 

encounters boulders, etc., in its course, but unless the herring-bone drains are put 
in at the time of maximum discharge, new seepages have a maddening way of 
breaking out, and every one of them has to be led to the drainage system by a new 
channel. Supervision becomes unending, also coolie work, and the oil expenditure 
rises steadily. 'Ve have seen cases where there was almost more drain than ground 
as a result of this measure. 

Hill-foot contour drains also may be open and oiled or sub-soil piped, according 
to the funds available and the necessities of the case. 

In many places seepage is also found under tank bunds and beneath raised 
irrigation canals. It may be apparent to the eye, or it may arise in rice fields below 
the bund. . Investigation of thus placed rice fields will show surprising results. 
Among the usual innocuous rice field Anopheline fauna of scanty A. paUidus, 
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sinensis, etc., an area will be found containing maculipalpis or other inhabitant of 
seepage waters. Unless it is possible with Government intervention and compen
sation to discontinue rice growing on such areas, the only possible solution is Paris 
green. 

Seepages can also be dealt with by filling, but the writer's only experience of this 
is not encouraging. Though he buried the seepage area under a layer of coarse 
ashes many inches deep, and imagined that the seepage water would run under 
this to the nearest drain, yet it broke through the following year in several places 
and he had hastily to cut and oil drains in the ashes to lead it off. As these areas 
were not marked for oil treatment in the control plan, only timely personal 

FIG. 31.-Running swamps, Railway yard, Singbhum District, Bihar and Orissa.. 
A. culicifac,ies. 

inspection saved the scheme from a break-down, which is another instance proving 
how necessary it is that fairly frequent inspections of a completed scheme in 
operation should be made. 

Exceptionally, as when seepages appear on the banks of a ravine stream in a 
gorge or narrow valley, they can be dealt with by damming the stream to submerge 
the springs. An ornamental lake in Kuala Lumpur town fulfils this useful func
tion. In one such seepage locality known to us (vide Fig. 29) no other effective way 
would appear possible, as the seepage arises at the foot of vertical earth cliffs, only 
separated from the stream by a few feet of sloping ground, on which neither contour 
drains nor even herring-boning is possible. Damming valleys is, however, 
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emphatically a subject for expert civil engineering advice, as certain kinds of 
fissured rock cannot retain water dammed above it. Such a locality might well 
defy all known methods of control, save wasteful soaking of every yard of the 
area with oil. 

Running Swamps (Fig. 31).-Such frequently occur in the course of a stream in 
fairly level country. They are often dangerous sources of A. funestus especially. 
The first measure in dealing with them is to remove the Cyperaceous and other 
vegetation which covers them. Oiling is then at least possible, but definite treatment 
consists of taking levels up and down stream and driving a channel through the 
swampy area low enough to drain it. This of course involves lowering the level 
of the stream bed below the swamp, which may not always be easy. 

FIG. 32.-Borrow pits on the Raip!U·Vizianagram Railway, freshly excavated. A. vag!Ut only. 

Borrow Pits (Figs. 32 and 39). The menace of these has probably been frequently 
exaggerated in the past. The majority of them are not dangerous, our experience 
agreeing with that of Coggeshall (1926) in America, that they have little potentiality 
for ill until several years old, and then seldom to an extreme degree. Wben freshly 
dug out the contained rain water becomes too muddy for most Anophelines other 
than the rossi-group, but when vegetation edged and filled, they may produce 
culicifacies. In such a case, clean cutting the edges and treatment with cresol will 
meet the situation if draining is impossible, and unfortunately engineering consider
tions often over-rule this even when a fall is obtainable, for a connected series of 
borrow pits along the foot of an embankment may during heavy rains become a river 
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and scour the bank foot. However, the rules on the subject are not absolute, and an 
engineer in sympathy with the malariologist may see his way to helping him. In 
any case, with Sir Malcolm Watson we would stress the necessity of engineers remem
bering that ' work which without excuse leaves a trail of malaria behind it is bad 
engineering.' Borrow pits may be excusable, badly placed culverts emphatically 
are not. 

The badly placed culvert is the Mte noire of the malariologist, and he encounters 
it everywhere. Railway culverts certainly, and probably road culverts also, are 
constructed to ' type plans,' in the drawing up of which malariologists were never 
consulted. Almost invariably the sills are too high, and the effective drainage of 
land on their upper side is thereby often rendered difficult or impossible. 

· lt'IG. 33.-Tank at Simhaohellam Temple, Vizagapatam District, Madras Presidency. 
A. fuliginoaus in large numbers among marginal vegetation. 

Borrow pits in which seepage springs arise are definitely dangerous in the first 
degree. Moreover, as it may be only a few in a long series of such pits that possess 
seepage water additions, letting in usually A. funes'tus, the occurrence of dangerous 
speci~s in borrow pits may be overlooked unless very careful survey is ;made, as no 
eye-indications exist that here and there in the rain-filled series, one is spring fed 
in addition. 

Finally, in connection with borrow pits, if such contain larvivorous fish such as 
those of the genera Haplochilus, Danio, Barbus, Rasbora and Lepidocephalichthys, 
after clean cutting the edges, pause before adding cresol (which is also fatal to the 
fish), to see if the latter will keep the larval breeding under control. But, unless the 
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edges are ' maintained,' i.e., kept weeded or stone pitched, a fresh growth of plants 
will soon again shelter larvre from their enemies. 

Tanks (Fig. 33). These are seldom dangerous. However, in localities (if any) 
where A. Juliginosus is really of importance as a carrier, then proper maintenance, 
(as above for borrow pits) of the edges is the only true remedy. The writer has 
experimentally controlled the breeding of this species in a typical small village tank 
by removing the marginal algal growth, mainly Spirogyra twining over Utricularia 
in that particular instance, with rakes and adding copper sulphate by dragging bags 
of the crystals through the water at the end of poles, but as this substance is danger
ous to life in quite moderate concentrations, and every tank in India is used for 

l<'IG. 34.-The Nagavali River, Vizagapatam Agency Tracts, Madras Presidency. 
A. culicifaciu in shallow margin~! embayments off main stream. 

drinking water, its use without careful supervision is decidedly unwise. At the 
concentration of one in a million which is said to inhibit algal growth it is, of course, 
quite harmless to man and animals. 

Dhobying in a tank seems to be invariably fatal to larv::e. The pH attained 
may be much less than that produced by photosynthesis that does not inhibit breed
ing, so another chemical factor is at work. Tanks regularly used for dhobying, 
also streams for some distance below a dhoby ghat are invariably sterile. This 
would not excuse omission to make a proper survey examination, however. 

Large Streams a11d Rivers (Fig. 34). Only exceptionally dangerous. Malaria 
caused by such is sometimes characterized by outbreaks at unusual times of year 
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in the dry season. What really happens is that the stream is reduced to a series of 
pools and A. culicifacies is the culprit species. Cresol or Paris green is the best 
remedy, preferable to oil for reasons which will be considered later, but here again 

, consideration must be given to the fact that such relict pools may form the only 
water supply of the countryside at_that time of year. 

An occurrence to be guarded against during the monsoon is pools left after the 
subsidence of extra high floods. It may be a week or more before such are either 
swept out by a further freshet, or dry up. In this time a generation of culicifacies 

F1o. 35.-Springs arising among rocks, Rubber Estate, Matale District, Ceylon. A. maculatua. 
Rocks with water film at foot. 

can get through. Cresol is the remedy. There is plenty of other drinking water 
about at such times. This phenomenon connects with dry season pools via post
monsoon pools in temporary rivers on the decrease in hilly. country especially. 
Often the local inhabitants sterilize such pools by dhobying in them. If not, clear 
by cresol or Paris green. 

Holes in Black Cotton Soil. In dry weather this, as is well known, cracks 
deeply and extensively. When the monsoon is well established these cracks 
become full of clear rain water, though the intermediate grass-covered areas are dry. 
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Whilst A. rossi is the principal species present in these holes, A. culicifacies is quite 
common. None the less, the majority of such collections of water are sterile. 
Several holes are found free of alllarvre, in one not two feet away they may be 
abundant. The controlling factor is not known. Cattle dung pollution reveals 
itself by letting in Culex. Paris green sown down-wind is a possibility, but the 
writer has no experience of a locality where such holes are the chief cause of malaria. 
Such a case would present an unusually .lifficult problem. 

Springs arrwng Rocks (Figs. 35 and 40). These are a not uncommon source of 
A. maculatus and A. karwari in montane regions. A. karwari is the commoner 
species, and if repeated examinations indicate that it is never joined by maculatus, 

J!'m. 36.-Rice fields, Assam. An example of correct cultivation, in itself an anti·mosquito measure. 
The irrigation channel in the comer is a typical breeding place of A.funestus. 

(Photograph kindly lent by Dr. 0. Strickland.) 

the spot can be neglected. If maculatus, however, is present, such may be a 
prolific source of malaria. The actual springs are usually of insignificant extent 
in spit-e of their potentialities for ill, an instance of the necessity in survey work 
of overlooking no body of water, however small. It is little use cutting rock 
channels to lead the little spring away. A. maculatus is equally at home in these. 
Oil swabs, to be described later, at the source are the remedy. 

Seepage into track side drains in rock cuttings on railways has its closest natural 
affinity here, and responds to the same treatment. In earth cuttings where the 
importance of the station or town warrants it, subsoil drainage may be justified. 
The latter in rock has also been utilized, but where money was far from ' tight ' I 
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Rice Fields (Fig. 36). Very exceptionally dangerous, but may be so when the 
water is in continuous motion through the fields, as in hilly tracts where water is 
abundant, or under the circumstances described for seepage water. This is bad 
agriculture, and the best remedy is education by the Agricultural Department. 
Meanwhile, oil in the irrigation channel, though it may damage a little paddy at the 
inlets, will often dissolve enough poisonous constituents to effect control. Paris 
green is a possibility. Drying off of the fields throughout a tract on one day each 
week has been legally imposed in Java (Darling, 1926) and is efficacious without 

l''m. 37.-Ma.ugrove zone, Trincoma.li, Ceylon. The area. in the foreground is subjected 
to da.ily tidal influences. 

damaging the growth of the paddy. Uncultivated plots in terraced fields that are 
allowed to become flooded are especially dangerous (Senior-White, 1926), (Darling, 
1926), and such should be mercilessly oiled, faili.Ilg the necessary Ordinances to compel 
cultivation or keeping dry. The presence of A..funestus in rice fields has been shown 
by one of the authors (Senior-White, 1926), to depend on a certain degree of oxygena
tion of the water, and an interesting and extremely useful piece of research is open 
to any worker in trying to obviate this concentration value being reached. 
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Standing Swamps.-In the author's experience, these are practically never 
dangerous, though this is not the case in many other parts of the world. The hostile 
population of predaceous insects and fish is too great to allow much Anopheline 
breeding. As Sella (1921) has shown, vertical vegetation in sw~mps is inimical to 
Anophelines, whilst horizontal is favourable. This European conclusion seems 
to hold good for Asia also. No method of dealing with these when undrainable 
seems to have been devised, other than the American one of dusting with Paris green 
from an aeroplane, a solution not likely to be practicable in Asia for many years to 
come. Than. this, more hope could be placed in pressure of population compelling 
their cultivation under rice! Quite small swamps, of course, it may be possible t.o 
fill up. 

Mangrove Zones (Fig. 37). The virulent malaria. of these ·areas is due to 
A. ludlowi, and in working on the seaboard the utmost care must be paid to 
differentiating between larvre and adults of this species and of the rossi-group, lest 
this deadly species be overlooked. Reference to Appendix: III shows that the 
larvre are inseparable from rossi, whilst the adults are very similar, especially 
when rubbed or dried. Again, rossi will breed in salt water (though apparently 
vagus will not), so the two species may be found together. 

As sunlight is necessary for the development of the larvre, the dense virgin 
mangrove forest is healthy so long as it is daily traversed by the tides, but when 
trees are cut down or when bunding operations interfere with tidal movements, 
trouble begins.- Relict pools are formed, gradually diluted by rainfall to a salinity 
where breeding commences, whilst interference with tidal movements is inimical to 
the health of the mangrove, which means letting in sunlight. -

If work has to be done in the mangrove zone, the. only real remedy for the 
malaria which is bound to follow is drainage. The larvre cannot stand a current, 
and whilst they flourish not only in relict pools but in ~-kept drains with marginal 
vegetation or floating sticks and debris, a clean edged drain with a. flow is sterile. 

Drainage at sea level is very difficult ~less there is a. big tidal range. 1\la.laria 
workers in Malaya have been able to take advantage of the sixteen foot tides of their 
coast to instal automatic sluice gates in the bunds which have to be erected to keep 
the sea out of the cleared land behind, which open as the tide falls giving outlet to 
drains taken well below mean sea level, thus drying off the land and giving a good 
current in the drains themselves, but in places where there is little tide, as along most 
of the coast of the Indian Peninsula, this proc_edure would be necessarily much less 
effective. Where it fails, the only remedy would seem to be rais~g the land around 
a settlement above highest tide level for a distance of over half a mile, (A. ludlowi 
is a species of strong flight powers), so that there can be no breeding grounds within 
range ; but this, of course, would be impossibly expensive unless it could be carried 
out in connection with some other work yielding the necessary material, such as 
dredging. It is, of course, only pools left by spring tides, that do not get flushed 
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again for a month, that become suffiCiently diluted with rain to become breeding 
places, but the gross extent of such pools round a settlement would be so great that 
any idea of oiling the lot is hardly to be considered. It is thus seen that the problem 
of ludlowi malaria is a difficult and expensive one, involving considerable engineering 
works. Fortunately there are not many parts of India where it will have to be 
faced. In the Andamans it has been run away from, by moving the settlements 
inland. But this is not always practicable. 

FIG. 38.-Sub-soil drain discharging a.t end of protected area. into open drain. Rubber estate, 
F. M. S. .A. maculatus. (After Watson, 192q 

In the foregoing brief account of the general procedure of anti-mosquito works, 
the following methods have been referred to :- · 

Surface Drains. Cresol. 
Sub-soil Drains. Paris Green. 
Oil. Copper Sulphate. 

Notes on these are given below. 

Surface Drains.-These should be as narrow as possible in reference to the 
volume they have to carry. The cross section of a drain 12" X 12" is the same as 
one 18" X 8", but the latter has 50 per cent more surface area to use oil on 
unnecessarily. Vertical sides look very nice when new, but they are very difficult to 
maintain, so slope the sides to at least 60°, even less steeply in friable soils. Grass 
growing at the bottom of drains should __ not be cleared out by scraping with a 
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kodarli-hoe, its use gradually lowers the level and may interfere with the outlet flow 
or cause pools when flow is ceasing. In the soft mud of the drain bottom hand
pulling of the roots is perfectly easy, but no coolie will do it unless made to. 
Repairs to flood erosions in the banks have already been referred to. In leading 
lateral drains into a main chaunel, do not bring in one from each side at the same 
spot, but alternate the entrances. Very sharp turns in direction should be 
avoided if possible. In flood, scouring of the bank takes place most at sharp 
angles. Do not put in contour drains at a greater slope than 1 in 30. 

In places with a long dry season, the ground at the commencement of the rains 
will be clear of grass. With heavy run off, this tends to make channels on the 

Fxo. 39.-Stream through old borrow pits connected for engineering drainage purposes, main 
line station, Singbhum District, Bihar and Orissa. A.funestu& in large numbers. 

open ground towards the drains. In permanent work, the remedy is to lay a line of 
stone at the edges of the drains. This, of course, considerably increases the cost. 
Ballasting the bottom of the drains to prevent scour (and also weed growth), has 
already been mentioned. As the first year's experience of the working of a scheme 
often shows the necessity for minor changes in drain direction and depth, bottom 
ballasting and marginal paving may well be postponed until after the first season's 
working. 

Suh-soil Drains (Fig. 38). These consist of rows of unglazed collarless pipes 
buried beneath the floor of the drain, which remains above to carry storm water. 
Only sufficient pipes are laid to carry the normal flow from springs and seepages. 
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Engineering formu]re for the pipe capacity must be used. Nothing but quite 
transient flood water is thus above ground, and no breeding places can possibly 
exist so long as the pipes function. Their failure is shown by the sustained 
appearance of surface water. A ravine properly piped should be surface-dry a few 
hours after the heaviest tropical downpour. 

Laying pipes is emphatically a matter for an engineer with experience of such 
work. Many points have to be attended to for successful installation. The ground 
above the pipes should be at least three feet thick up to the floor of the ravine, lest 
heavy floods scour the pipes out. Silt has to be prevented from reaching the pipes 
and blocking them, therefore, though these may need . burying under a heavy layer 

FIG. 40.-Pools in rocks, Gunong Pulai Water Works, Singapore, F. M.S. A. maculatua. 
(From an illustration kindly lent by Dr. P. S. Hunter, Singapore.) 

of stone of graduated size with the smallest on top, the actual floor of the ravine 
must be of silt itself in the topmost layer. In wet climates it may be hoped 
that the ravine will grow a grass floor, most efficacious against scouring, but in 
localities with long dry seasons the first monsoon floods will traverse soil that has 
been sun-pulverized for several months, and this must. be reckoned on regarding 
depthoflaying. · 

Unless the pipes will be actively functioning fo.r several months each year 
we doubt if the cost of their installation would be justified. In regions where ravine 
streams only run in mosquito breeding volume for two months or so after the slack
ening of the monsoon, oiling is probably preferable. 
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Trees growing near pipe lines have to be rooted out. Roots naturally tend to 
grow towards moisture, and hence into the pipe junctions, blocking them, and 
necessitating lifting the blocked length and re-laying it after clearing. 

The pipes end in a wall beyond which the ravine continues in the ordinary 
way. No method is known whereby a ravine stream running in the open can be 
made to enter pipes where it crosses an area to be protected. Pipes must be used 
from the source of the water downwards as far as is required. 

In Appendix IV the official specifications for anti-malaria drainage of all kinds 
in the Federated Malay States are reproduced in full. 

Oil.-The crude 'liquid fuel' of the petroleum companies is in every way 
preferable to the much more expensive kerosine oil. Its spreading power can be 

Fra. 41.-Railwo.y trackside drain, Kurunegala Station, Ceylon. A. maculatu& and A.funestu& 
The drain is well cut, but can only be rendered safe by oiling. 

(After !llo.nson-Bahr, 1914. Parasitology, VII. From a lantern slide kindly lent by the Wellcome 
Bureau of Scientific Reseo.rch.) 

improved by the addition of from 1 per cent to 21 per ~cent of a vegetable oil, castor, 
coconut or whatever is locally cheapest. Consignments of liquid fuel vary from time 
to time in the amount of thick black serliment they settle out on standing. This 
material is very useful for use in springs, etc., and it should therefore be carefully 
conserved when storage tanks are cleaned. 

Oil may be applied to water in several ways:-
Spraying (Fig. 42) consists of forcing the oil under pressure through an atomiz

ing nozzle from a special machine. The ' Four Oaks ' Company's make are the 
best, and of these the 2}-gallon capacity ' Kent ' sprayer best suits the carrying 
capacity of the Indian labourer. This pattern has a self-contained pump by which 

k 
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pressure is brought up to a standard figure marked on the gauge prior to using 
the machine. Patterns with a pump which has to be worked continuously by the 
operator whilst the machine is in use involve carrying out two ·operations at once, 
which does not suit the coolie, who, in rough country, wants one hand free. As sent 
out by the makers these machines are fitted with rubber hose to the nozzle and rubber 
valves. Petroleum oils perish the rubber in a few days, and before purchase the 
vendors should be asked to fit the machine with leather valves and flexible metallic 
hose. The great fault of these machines is air leaks, and some mechanical 
knowledge is required to keep them in working order. In plantation, mining and 
railway work this is easy to arrange for. No great degree of skill or many tools are 
required, but an untrained coolie cannot re-pack joints and valves. Sanitary 
inspectors in charge of anti-malaria work must know how to do so. Metallic hose is 

FIG. 42.-0il Spraying. 

not as flexible as the rubber pattern, and leaks at the base of the hose are especially 
troublesome and wasteful of oil. In charging the machine, the oil should be filtered 
in (a sieve is supplied to fit the machine), as it contains particles of dirt which clog 
the nozzle. - The spraying coolies must in any case know how to unscrew the latter 
and clear it of grit in the field. No tools are required for this. 

Nozzles are of many designs. A suitable one for anti-mosquito spraying should 
deliver a cone spray about 18• in diameter four feet in front of the nozzle. Patterns 
No. 1, 'Marvellous' nozzle and No. 2, I. T. A. attachment with 'Marvellous' 
nozzle of the ' Four Oaks ' Company have been found most suitable by the 
writer. The second pattern mentioned has a double nozzle, one side of which can 
be directed directly downwards and the other straight ahead. The tendency is for 
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all nozzles to deliver too much oil per minute. This either forces the coolie to 
move at a run or wastes oil. Coolies will not move at a run for long, nor should 
they be expected to. A slower delivering nozzle is a desideratum. 
. o~-z Swabs.-Where there is much machinery, there accumulates masses of used 

cotton waste which already contain oil. These should be worked by manipulation 
into elongated' sausages,' and if they are not of themselves sufficiently oily, can be 
dipped into liquid fuel and wrung out prior to use. By their use running water is 
more effectively oiled with less expenditure of oil than by a. machine, as the emission 
time is longer. In swift water they can be weighted down with a brick or stone. 
They are ideal for small rock springs. Bits of old sacking are fairly efficient sub
stitutes for cotton waste. Neither these nor drip cans can take the place of the 
sprayer when a stream contains isolated lateral water in hoof marks, etc. 

If the cotton waste is ' on charge ' -it is not hurt by its second use, and 
can be c~llected when the following week's supply is put down and returned to 
store. - -

Drip Cans.-The efficient drip can that can be installed at a reasonable cost 
has yet to be designed. Their use usually only engenders a false sense of security. 
Moreover, being usually based on a kerosine tin as a container, they are very liable 
to be stolen by coolies. -

Brushing.-Standing rain pools on grass can be quite effectively dealt with by 
means of the ordinary sweeper's broom dipped some inches into a bucket of liquid 
fuel. The broom is brushed round the edge of each pool, where the la.rvm congregate. 
The process is, of course, slower than spraying.· 

Oil must be applied at se:ven-day intervals, and any deviation 1n application 
periods will sooner or later degenerate into such slackness that a generation will get 
through. An oiling programme must lay down definite orders as to dates of applica
tion for every spot, and no excuse whatever be accepted for deviation therefrom. 
This is one of the reasons against entrusting oiling to an already overworked medical 
assistant who may have an urgent call just when. oiling is due. The work is of 
sufficient importance to entrust to a special inspector. Oil need not be replaced 
if wasl1ed out by heavy rain Unless this occurs within an hour of application. Oiling 
during heavy rain should not be attempted in drains or streams. 

_Successful oiling largely depends on adequate organisation. Supplies of oil 
must be ready to meet the spraying coolies at convenient spots on their daily rounds, 
having reference to the capacity of the machines and the areas to be sprayed. A 

·system of records is necessary, to keep track of dates of application, quantity used, 
and the like, so that there is no chance of main depots running short at a critical 
period of the year. 

After each day's use the machine should be washed out by pouring in a pint 
or so of kerosine oil and blowing it out by pressure. Tliis clears the ball valve at the 
bottom of the container, and the nozzle discs. 
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Besides larval sterility, the ultimate criterion, at least two other tests of thorough 
oiling exist. (i) A properly sprayed drain should have the marginal vegetation 
burned brown by the oil for a foot on each side, and after a few applications bare 
earth margins should appear. (ii) Poisonous solutes from the oil alter the macro
scopic algal vegetation in the water. Spirogyra will not stand oiling. In regularly 
oiled drains it is replaced by a bottom growth of a matted Cyanophyceous alga that 
is correlated with absence of mosquito life, as first pointed out by Watson (1921). · 

Cresol.- This- is the basis of various disinfectants with trade names, such as 
'Jeyes' Fluid,' etc. The cheapest variety locally obtainable will suffice for anti
mosquito work, providing a guaranteed analysis of the cresol-content is given, 
which should be about 15 per cent. It forms an excellent larvicide, though it kills 
all other life in the water at the same time. Fish killed by it are violently poisonous 
if eaten, so warnings must be given. Disregard of such by one oilman would have 
ended in a tragedy had not a stomach pump fortunately been at hand. Cresol 
should be stirred into water until a faint milky tinge is observed. In salt water 
this does not take place at 1!-S low a concentration as in fresh, which should be remem
bered to avoid waste in littoral areas, though the efficacy of application is not dimin
ished. A dilution of about 1 in 40,000 is enough to kill larvre in three hours. It 
should be well stirred into the water. It is only useful in ponds and standing water 
and where such are of any extent is preferable for the reason that a steady wind will 
blow an oil film clear to one side of the water. It is true that to a large extent 
Anopheline larvre are likewise carried along and so into the oil, but the windward 
side is left clear for fresh generations. Whether it or o~l should be preferred where 
there is no objection to its use is discoverable from the following formula by Marshall 
(1922). 

Paraffin : Cresol 1 : 1500 x 0 x d 
n 

Where c = ratio of cost of cresol to liquid fuel. 
d = depth of water in inches. 
n = dilution. 

A cubic yard of water contains 168 gallons. 
Paris Green.-This is an expensive compound, the best quality costing about 

Rs. 2 per lb. in Calcutta. It is liable to adulteration, indicated by the absence of a 
deep emerald colour to the powder. A guaranteed analysis should be called for. 
It is a copper-sodium-arsenite compound, but in quantities used for mosquito work 
is said to be harmless to everything els~. Even Culicine larvre, being mid-water 
or bottom feeders, do not ingest enough of the floating grains to suffer noticeably; 
but surface feeding Anophelines perish, though not so rapidly as with oil. It should 
not be used on a just discovered breeding place with mature larvre and pupre, there
fore. The powder should be intimately mixed with one hundred times its weight 
of finely sifted perfectly dry road dust, and sown by hand down wind over the water 
at the rate of 170 grains of Paris green (not the dust mixture), per ten square feet 
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of water surface. One pound of the compound will therefore only cover 410 square 
f~et. 

In America. dusting machines exist, but all the beautiful anti-mosquito machin
ery of that country, ditch. digging machineS, power sprayers, and the like, will 
have to wait long before Indian conditions are ready for them. -

Copper Sulphate.-The use of this has been referred to in discussing dealings 
with tanks. Where sheets of algre are sheltering larvre it is very useful, but it. can 
only be used under strict supervision owing to its poisonous nature. Its action is 
not direct on the larvre themselves, but one of starvation by killing"the vegetable 
microplankton on wh~ch they feed. . · 

Returns.-These are absolutely necessary for keeping check on the working of a. 
scheme. They should shew the number of cases occurring each month, and the 
total number of days off work due to malaria. Dependents should be recorded . 
separately, so as not to muddle the' lost days per employe' column. 

In the case of railway staffs, the' stationary' staff, that is those whose duties 
_keep them within the protected area, should be recorded separately from the ' run
ning ' staff, who perforce stop at unprotected malarious spots. Such details will_ 
often indicate that much of the malaria of running staffs is ·contracted elsewhere 
than at their protected home station, their malaria incidence being far higher than 
that of the stationary staff. 

A typical month's return should be in the following form:-
• STATION •• • • • • • • • • •• • • • • .• • • •• :MONTH •••••••••••• 19 ••••••• 

RAINFALL •••••••••••••••• 
POPULATION. 

Stationary Stall ••••••••••••••••••.••••••••••• 
Running Sta.ff ••••••••••••••••••.••••••••••• 
Dependents ••••••••••••••••••••••••••••••••.• 
Total for month • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • ' 

Total cases ma.la.ria.. • • • • . • • • • • • • • • • • • • • • • • • • • • Per cent of total employes attacked •••••••••• 
Total days lost.............................. Average da.yslost per employlt •••••••••••••••• 

Stationary stall cases........................ R110ning stall cases •••••••••••••••••••••••••• 
Dependents ca.ses............................ Per cent of running stall attacked: ••••••••••• 
Per cent of total ·stationary population 

attacked •••••••••••••••••••••••••.••••••••• 
Days lost by stationary staff.................. • • Daya lost by running staff •••••••••• .' ••••••• 

Average daya los~ per ma.n of stationary Average days lost per ma.n of running 
staff. • • • • • • • • • • • • • • • • . • • • • • • • • • • • . • • • • • • • • • staff • ••••••••••••••••••••••••••••••••••••• 

• In railway working ill usually happens that a hospital serves a length of line as well as the 
actual station, and figures from the whole area. are entered in one case-book. Care must be taken to 
exclude ' line ' cases. It is best t-o enter these in the daily case-book in different coloured ink. 
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The information should be in graph form in the malariologist's office, with 
pre-control years' figures, in a different colour, preceding or superimposed. Correla
tion of hospital returns with • sick ' and • fit ' certificates will afford details of past 
years' happenings, though its working out takes time. These figures are the malario
logist's justification for the existence of his section of the medical department to 
which he is attached. Busy men can learn at a glance from a graph more than from 
anything but detailed study of columns of figures, and the head of an administration 
has too many calls on his time for the latter, so all records as far as possible should 

- be in graph form. 
Take a spleen rate of the children of all protected places at least annually, 

better, six monthly ; at the end of the ' fever season ' of the locality in any case. 
Under control the reduction will be most striking. 

On construction work on railways, or where the population is very fluctuating 
in constitution and number, and widely scattered, so that the sick cannot all be 
seen daily by a medical man, the only figures useful for comparison are ' man-days,' 
got by totalling the daily labour return for the month and multiplying by the number 
of days therein, and working out the percentage attacked. In such circumstances the 
number of days off work per case cannot be ascertained. Even the number of 
attacks, of • bokhar ' only, cannot be safely left to contractors to record, as they are 
often wilfully exaggerated, in the hope of enhanced rates of payment for work in 
feverish country, or minimized, for fear of interference -by the medical staff. Unless 
a special system of itinerant recorders be-substituted (we have never tried this 
method for financial reasons, but it might most usefully be combined with the duty 
of dispensing a few simple remedies of general application), the only remaining course 
is to make the medical staff record such information as is obtainable by questioning 
the coolies in each camp, and taking population figures from the contractor's agent 
resident therein. The data thus obtained are of course far from accurate, but they 
afford at least comparisons and serve to indicate any camp in which the rate is 
rising. A rising rate, however, is not always indicative of failure to control malaria. 
Construction coolies are the dregs of the population, underfed, ill-housed, often 
originally from malarious areas, and loaded on arrival at the scene of their work 
with parasites. Climatic vagaries alone will serve to precipitate numerous relapses 
amongst them, and half the ' fever ' recorded may be catarrhal in nature and not 
malaria at all. Frequent inspections will alone reveal this, and such also serve to 
check the regular returns. 
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· NoTES Oll' THE BBEEDDIG PLACES .Al!ID DISTRIBUTION OJr TJlB ll!IDIAl!l .Al!IOPHELDIES. 

.A. annan.dalea 

.A. barianeMis 

.A. barbirO&triB 

.A. ctdidfaciu 

.A. ctdiciformis 

.A.fuligi~ 

.A. fu71£8IIU 

.A. gigas 

.A. jamui 

.A. jeyporieMis 

.A. kanoari 

.A. kocAi 

,A, leiUJOBphyr!U 

.A. lindesaiS 

.A. ltullowi 

.A. rnactdaltU ' 

.A. rnactdipalpi1 

.A. pallid!U 

Found in clear slowly rwming streams, usually in shade. Frequents the 
depths of the forest in such. 

A tree-hole breeder • 
A tree-hole breeder. Confined to the Himalayas. 
A species usually associated with large ponds and tanks. It is common, 

however, in slowly moving water against a temporary dam such as a O.ood 
debris block. Requires the presence of aquatic vegetation. 

In clear rain pools on grass, and slowly running streams and drains. Pri
marily a species of temporary water.. Much commoner in areas with a 
long dry season than in the wet zones. 

A tree-hole breeder • 
Pre-eminently a tank-breeding species. Common in late autumn. 
A ruuning water species. Found at the margins of streams, in trickles 

·running down from seepage springs, etc. The commonest species of 
rice field irrigation channels, and associated with most of the malaria of . 
billy tracts. · 

A stream breeder at elevations of 5,000 feet and over • 
Breeds in rice fields where the water is clear • 
Found in streams and rice field irrigation channels . 
In seepage springs, and trickles running down from them . 
In_ small gr&ssf pools and drains. Rather tolerant of polluted water. A 

Malayan species only found in Assam and Burma. 
Breeds in streams in heavy forest. If found in cultivated land has probably 

been washed down from forest above. 
A stream breeder, in pools in mountain torrents. Not found much below 

5,000ft. 
A brackish water breeder. In pools among mangroves, etc., not covered 

save at very high tides. Does not breed in pure sea water. Only occurs 
in India in the Andamans and Ganges Delta. ·Always a.ssociated with 
very high malaria incidence • 

In clear rwming bill streams, in full sunlight. Common where there is no 
marguial vegetation, but only bare earth or rock sides. Not found where 
there is really heavy shade over the water. 

A seepage spring breeder • 
Breeds in rice fields with some depth of water, and in large muddy ponds, 

often in company with the closely allied ftdigttwltUI. 
In swamps and reedy water. Becomes progressively rarer East of the Indus, 

but· occasionally found as far as the U. p, 
In pools in river beds and springs in rocks. Not found East of the Indus. 
In puddles, hoof marks, rice fields, etc., and seems to prefer muddy water 

to clear. Can tolerate aalioity up to 50 per cent of sea water. 

( 167 ) 
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A. sinensis 

A. stephensi 

A. su.perpictus 

A. tessellatus 
A. theobaldi 

A. turkhudi 

A. umbrosus 

A. vagus 

MALARIA: ITS INVESTIGATION AND CONTROL. 

Breeds in pools, but not generally against bare earth margins. Often swarms 
in rice fields which are still flooded towards the end of the crop season. 

Pre-eminently a well breeder. Has followed civilization into the centres of 
large cities in the track of water carriage sanitation. The larval have 
special adaptations for staying ' down ' longer than most other species. 

In pools in nullahs and river beds. Can tolerate a fair current. Does not 
come East of the Indus. 

In pools, usually with decaying leaves in swamp jungle or secondary growth. 
In running streams, ditches and drains, but seems to require vegetation in 

the water itself. 
In pools in dry river beds, etc. Has been found in a large grassy tank with 

fuZiginosus (Sinton, 1917). 
The Palearctic A. multicolor has been recorded from Baluchistan and the 

North-West Frontier by Christophers (Indian Journ. J'Jfed. ReB., XII, 
301). The· adult is not certainly distinguishable from A. turkhudi save 
by examination of the male genitalia, a procedure not dealt with in this 
book and only suited to ~he specialist. The larval are likewise indistin
guishable from turkhudi. The egg is very distinctive from that of the 
latter species however (vide Edwards, Bull. Entom. Res., XII, 268, 
figs. 2 k and 2 1). 

In pools in heavy forest with peaty water and fallen leaves. Not in water 
with any appreciable current. Only found in Assam and the Andama.ns 
in our sub-region. 

Has the breeding habits of rossi, and takes its place almost completely in 
those parts of India with Malayan faunal affinities. But is not found in 
brackish water. 

A. willmori In mountain streams, in clear pools. Purely a Himalayan species. 
The reader is cautioned against accepting the foregoing notes in any but the most genera1 sense. 

EXCEPTIONS ABOUND. The writer has found A. rossi in a seepage trickle, A.fune~~tus in a tank 
and .in borrow pits, A. culicifacies in a well! The underlying reasons, both for the common ecology, 
and for the exceptions, are not at all understood, but for what is known, vide Senior-White (1926). 
Other valuable papers on the subject are those of Hacker, Lamborn and Williamson in the Federated 
Malay States Malaria Bureau Reports. The subject has hardly been touched on in India. 

None the less, certain of the foregoing ecological generalities tend to explain the mechanism of 
malaria causation in certain localities, and give hints for its eradication. For instance :-

In the plains tracts of India the monsoon causes clear rain pools on grass, with trickle.s of moving 
water. This lets in culicifacieB, but if the land under water is ploughed for rice, the then muddy 
water becomes populated by rossi or vagus, according to the locality. Should it again stand at some 
depth and become clear, A. sinensis or A. pallidtu may appear, but it is an outstanding fact that tho 
older the water the less the mosquito fauna, owing to the number of predatory enemies that find their 
way into permanent or semi-permanent water. 

The malaria of hillside rice fields is seldom in the rice itself, unless water continuously runs through 
the fields, which is bad agriculture. The irrigation channels are the source of A. funestus and the 
malaria. 

A forest stream under really heavy jungle is inhabited by A. aitkeni, and is harmless. Clearing the 
jungle lets in sunlight, and with it possibly maculatus, with dire results ; but if the forest is on flat land 
clearing it and drying it off may have the best possible results, by ousting A. umbrosus. 

In a valley, survey will often shew spleen rates rising as the hills are approached. Hill-foot 
seepage is frequently the explanation, the species concerned being maculipalpis and funestus. 

Epidemic malaria is usually the work of culicifacies in temporary water. Hyper-endemic areas 
are characterized by seepage and stream breeders. Watson (1921) has shewn that in the perennially 
wet ·hopics mac·u!atus-caused malaria has its peak in May, that due to umbrosus in October. This 
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means that for some as yet undiscovered reason these two species have thetr respective maxima in 
the areas they inhabit about a month previous. The question of seasonal maxima may be very im
portant. A.ftiliginostu is a natural carrier, but yet its maximum is not necessarily aSBOciated with 
the peak of the malaria curve in localities where it is common. The reason possibly is that it has its 
maximum in the cold weather, in Bengal and Bihar at least, and possibly temperatures are too low 
for effective transmission. 

Numerous further examples could be quoted, but if these notes stimulate the reader to make 
observations on the • why and wherefore ' of Anopheline distribution, ecological and chorological. 
its most useful object will have been attained. The crying need to-day is for cheaper and more effective 
methods of control. 
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KEY TO THE ADULTS OJ' THE GENUS Anopheles IN THE INDIAN SUB·REGION. 

Based on Ohristophers (1916), with acknowledgments to Strickland (1925). 

1. Wings unspotted 
Wings spotted • 

2. Distinct white knee spots a.t apices of femur a.nd tibia. 

2. 
4. 

of hind legs barianensis. 
No definite knee spots 3. 

3. Anterior forked cell nearly double length of posterior 
(fig. 1) . aitkeni. 

Anterior forked cell relatively shorter (fig. 2) cttliciformis. 

4. Costa. with less tha.n four dark spots involving both costa. 
a.nd lBt longitudinal vein 5. 

Costa. with four da.rk spots involving both costa. a.nd 1st 
longitudinal vein • 10. 

5. Inner third of costa. without a.ny pale interruption 
Inner third of costa. with a. pa.le interruption (fig. 3) 

6. 
gigas. 

FIG. I. Wing of A. aitkeni. 

Fm. 2. Wing of A. culiciformis. 



6. A broad:white band on hind femur 
No broad white band on hind femur 

7. White band on hind femur associated with a scale 

7. 
8. 

tuft (fig. 4) annandalei. 
White band on hind femur without a scale tuft 

(fig. 5) lindesaii. 

8. Palpi unhanded !l, 
Palpi banded. A broad golden spot at wing tip 

(fig. 6) • sinensis. 

FIG. 4.. Hind femur 
of A. annandalei. A. lindesaii. 

..... 
...;J -



9. _}!. pale spot on wing fringe opposite lower branch of 
of 5th vein. Most veins with black and white 
scaling (fig. 7) • barbirostris. 

No pale spot on wing fringe opposite lower branch 
of 5th vein. Wing scales all dark (fig. 8) umbro.'IUa. 

10. Tip of hind legs not snow white 11. 
At least extreme tip of hind legs snow white 20. 

11. Femora and tibial not speckled 12. 
Femora and tibia speckled 19. 

12; Front tarsal joints not broadly banded . 13. 
Front tarsal joints broadly banded. Pleura with dark 

markings 18. 

13. Tip of palpi black (fig. 9) turkhudi. 

Tip of palpi pale 14. 

14. J:<'ringe spots not more than two 15. 
Fringe spots at all veins but 6th • 16. 

15. No pale spots on veins other than on costa. and 1st 
(fig. 10) • rhodeaiensia. 

FIG. 7. Wing of A. barbirostris. 

.-- .. d Iff I 



Pale spots on cross veius and bifurcations (fig. II) cvlicifacics. 

16. Inner quart.er of costa entirl'ly dark (fig. 12) • Junes! us•. 

Inner quarter of costa with one or more small pale spots. 1i. 

• [With fringe spot at 6th vein and outer bali of proLos('iS 
golden. There may ~r may not be a very small pale spot in 
inner quarter of costa--var. aconitvs.] 

17. Hind tarsi narrowly but_ distinctly banded. Dark 
mosquito (fig. 13) jeyporicnsis. 

FIG. ll. Wing of A. culicijaciu. 

FIG. 12. \Ving of A. funestus. 

Fw. 13. Hind tarsus of A. jeyporiensis. 



Hind tarsi not distiuctly banded. Pa.le.mosquito 
(fig. 14) . . superpictus. 

Fro. 14. Hinrl tarsus of A. superpictus. 

18. Apical white band on palp equal to succeeding dn.rk band 
(fig. 15) • rossi. 

FIG. 15. Palp of A. rossi. 

Apical white band on palp more than twice sur.ceeding ••1-l: 11---•:::a::::-:::··-::-
dark band (fig. 16) . ~·agus. 

[The males of these two species are indistinguishable.) 
F IG. 16. Palp of .4. vagus. 

19. Not more than three spots on 6th vein. Palpi unspotted 
(fig. 17) • ludlowi. 

FIG. 17. Wing of A. Ludlowi. 



More than three spots on 6th vein. Pa.lpi spotted 
with white (fig. 18) • slcphensi. 

20. Hind legs with at least two ta.rsa.lsegments wholly white 
Hind tarsi with only last segment or less wholly "·bite 

21. Abdomen with conspicuous lateral scale tufts 

21. 
26. 

(fig. 19) • pulcherrimua. 

No such lateral tufts on abdomen 

22. Femora and tibim not speckled 
Femora. and tibim speckled 

23. lith vein not extensively pale. ,Joint above pale 
area. on bind tarsus invariably picked out with 

• 22. 

23. 
24. 

white (fig. 20) , • : fuliginosU/1. 

lith vein extensively pale. Joint above pale area on 
hind tarsus never picked out with white (fig. 21) pallidus. 

FIG. 18. Wing of .A. stephensi. 

FIG. 20. Hind tarsus of A. fuliginosus. 

Fro. 21. Hind tarsus of .A. pallidus. 



24. Palpi with one broad apical pale band. 
The 2nd pale band narrow (fig. 22) 

Palpi with two broad apical pale bands • 

25. Last three hind tarsal segments uninter. 
ruptedly white. Middle area of palpi 
white speckled (fig. 23) 

Only last two 
uninterruptedly 
speckled (fig. 24} 

hind tarsal segments 
white. Palpi not 

jamesi. 
• • 25. 

maculipalpis. 

theobaldi. 

FIG. 22. Palp of A. jamesi. 

]"m. 23. Hind tarsal of A. maculipalpia. 



-

26. LMt tarsal segment wholly:whlte • 
La.st ta.rsa.l segm~nt not wholly white, only e:r• 

treme tip 

27. Femora. and tibim not speckled (fig. 25) , 
Femora and tibim speckled • 

27. 

29. 

karwari, 
28. 

28. Seal~ on all abdominal segment& dorsally (fig. 26) willmor,, 

Scales on dorsum of last two or three abdominal · 
segments only (fig. 27) .• rnaculatm. 

29. Ha.lf last ta.rsa.l segment white. Three spots on 
6th vein. Abdomen with ventral scale tufts 
(fig. 28) 

Only extreme tip of last tarsal segment white • 

kochi. 

30. 

FIG. 25. Hind fe~ur, tibia and 1st tarsus of A. karwari. 

FIG. 27. Abdomen of A. rnaculatUB, 

FIG. 28. 
Abdomen of 

A. kochi. 



30. Hind legs with broad white band ~t tibio. 
tarsal joint (fig. 29) • lt;u.cospkyro8. 

FIG. 29. Hind tibia and 1st tarsus of A. leucospkyrus. 

: No such band. Outer half of proboscis all 
pale (fig." 30) tessellat'IUI. 

FIG, 30, Hind tibia and 1st tarsus of A. tessellat'IUI. 



ANOfH[l//([ LARVK.-
. sltowinl,. katurt.s used in irlentilication 

$1/e or median at~letlfla/ ---_,lf,.j 
IJr4n&lt~tJ/'rqn/4/s -----T:"-::--:-'?1' 

----- inteno, 11nterior ely pal 

/~+------e;ru.r-to' antedor ,~ype4/ 
-~:fH~-_;_-,DOJ~teJ~IfJT C/ype4/ 

Thorax 

L e lt11ir 

1l 
lst.thoracit: pt~lmate 

( rudimen t.1 ry) 

11l. 

lerta! plate 
N. 4tlt. _thor .let~ palmate 

~ r 
~ 
~ w. 
~ 

wt. 

V1IL 
splrt~cles 

/X. 

Fro.: 43.-Anopbelina La"m. Shewing faaturea UJed in identification. 
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KEY TO THE \lATURE LARV IE OJ' THE GENUS Anophele.t IN THE INDIAN SUB·REGION. 

1. Inner anterior clypeals more or 
lees approximated 

Inner anterior clypeale well se. 
para ted. No branched median 
hair on antenna. 

2. Antenna. with:bra.nched median 
hair. Clypea.ls normally 
strong (fig. 1) • 

Antenna. without branched 
median hair. C:lypt.a.ls very 
weak. No branched frontal 
hairs. A lateral tri-ra.diate 
spine on abdominal segments 

2. 

• 10. 

3. 

i-vii (figR. 2 a.nd 3) • bariane118ia. 

Fio. 1. AnteDDa. of A. sine118ia. 

FIG. 2. Head of A. bariane11N. FIG. 3. Abdominal spine of A. barianeMi.a. 

..... 
00 
0 



3. Thorax with well developed pa.lm~~ote haire (bg. 4} 

Thorax with palmate baire weak: or a.bsent__(fig. 4A) 

4. 

7. 

Fza. 4. Thoracic palmate of .4. llinensis. Fza. 4A. Thoracic palma.to 
of ..4. gigru. 

..... 
00 ..... 



4, Outer anterior clypeal simple 
Outer anterior clypeal branched 

5. Basal hair of antenna. with nearly bare 
shaft a.nd apical club. Ba.lancer hair 
of 3rd a.bdominal segment simple 

5. 
6. 

(fig. 5) culdformis. 

Ba.sal hair of antenna. and ba.laneer 
hair of segment iii normally formed. 
Inner anterior clypea.ls varying in 
form (figs. 6 a.nd 7) aitken$. 

FIG. 6. Hea.d of A. ailkeni va.r. 
insulrejlorum. 

FIG, 7, Head of A. aitkeni. 



8. Innermost submedian thoracic hair 
branched from base (fig. 8) 

Innermost an bmedian thorncio hair 
simple, sometimes branched apically 
(fig. 9) 

7. No abdominal palmate hairs • 
Abdominal pe.lmate hairs on at least 

last fivo segmenta 

barbir011tris. 

BintMiB •. 

umbroa?.UJ. 

. s. 

FIG. 8. Right side submedian thoracic ' 
hair of A. barbiro&triB. 

FIG, 9. Right side submedian 
thoracic hair of A. Binenaia. 

::... 

I .... .... :--
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00 
~ 



8. Thorax and abdomen . completely covered 
with minut~ setae (fig. 10} annandale£. 

Thorax and abdomen with normal integument 

9. Palmate hairs on abdominal segments ii-vii 
Palmate hairs on abdominal segments iii-vii 

10. Abdominal tergal plates very large, occupying 

•. 9. 

Zinduaii. 
gigu. 

at least half or the dorsal surface (fig. 11) • /tt:nutus. 

Abdominal tergal plates normally small 
. (lig. 12) • 11. 

FIG. 10. Larva of .A. annandalei. 

FIG. 11. Tergal plates of .A. funutUI. FIG, 12. Tergal plates of 
A. culic;,taciu. 



. 11. Outer anterior clypeala simple, or with a few 
abort branchea. Posterior clypeala aim pie 
or faintly branched (fig. 13) , 12. 

Outer anterior clypeals thickly plumose. 
Posterior clypeala branched, llBually from 
base (fig. 14) • , 26. 

• 
12, Inner and outer clypeala quite b&l'lo, or inner 

· only <very finely branched (lig •. 15) , 13. 

Inner and outer olypeala nearly alwaya with . 
abort branchea -. , 21, 

Fio. 13. Head of A. kcwwari • · Fla. 14. Head of A. jamui. 

1:1 

Fla. 16. Head of A. culicijaciu. 



13. Palmate hairs of thorax vestigial 
(fig. 16) 

~!mate hairs of thorax well deve
loped. Submedian thoracic hairs 
strong, innermost with conspicuous 
dark root (fig. 17) 

14. Posterior clypeals exterior to inner 

• 15. 

14. 

anterior (fig. 15) • culicifaciea. 

Posterior clypeals interior to inner 
anterior (fig. 15A) rhodesienai8. 

...... 

~ 
~ 
~ 

~ 
:::! 
~ 
::j 

Fra. 16. Palmate of A. rossi (3 forms). Fxa. 17. P~lmate of A. culicifacies ~ 
(2 forms). ~ 

1:1 

Fxa. 15A. Head of A. rhodesienais. 

~ 
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15. Posterior clypeals very long, project
ing between the anterior pairs. 
Abdominal palmate hairs without 
long filaments (fig. 18) turkhudi. 

Posterior clypeals much shorter, only 
slightly pas•ing the h·ont of the head 
in one species 

16. All clypeals always simple. LeaHets of 
abdominal palmate hairs with long 

filaments (fig. 19) 

Inner anterior clypeals usually with 
short branches. Leaflets of abdomi
nal palmate hairs blunt pointed 

16. 

17. 

(fig. 20) 20. 

Fta. 18. Part of head of 
A. turkhudi. 

. Fxa. 19. Abdominal palmate of A. cuZiciJaciu. 

Fta. 20. Abdominal palmate of A. te.s&ellatu.t. -00 
-.! 



17. He~d usually with charaoteristio V mark. Fila
ments of abdominal palmate hairs very long 
(figs. 21 and 22) 

Head markings otherwise than as above 

18. 

• 19. 

FIG. 21. Head of A. rossi. 

Fro. 22. Abdomin11l palmate of A. vagus. 

~ 

00 
00 



18. Posterior plypeo.!s interiorly 

pln.<'ed ,tO inner anterior 
and slightly projecting 
lwyond heo.d. Outer an
terior po.ir very short 
(fig. 23) 

Posterior clypeo.ls slightly 
exteriorly plo.ced to inner 
anterior and not alwn.ys 
reaching front margin of 
head. Outer clypeals not 

so short (fig. 24) 

19. Vertex (lf head with suffused 
dark patch. Filaments 
of abdomina.! palmo.tes 
diRtinctly shorter tho.n 

t•agus. 

roPsi, 
ludlowi. 

rossi group (fig. 25) • stephenai. 

Head with three post fron. 
to.! and one large occipita! 
Rpot, the latter with fonr 

dots around it (fig. 21l) superpict!UJ, 

Flo, 23. Head of A. vaJ?M. Fro. 24. Heo.d of A. rossi. 



20. Innermost submedian thoracic hair short, simple · 
or 2-3 branched only, root inconspicuous 
(fig. 27) teasellatus. 

Innermost submedian thoracic hair long, with 
numerous branches and conspicuous root leucosphyrus. 

21. Palmate hairs of thorax well developed , 22. 

Palmate hairs of thorax weak or vestigial 23. 

22. Outer anterior clypeal finely branched. Palmate 
hair of abdominal segment i well developed , jeyporiensis. 

Outer anterior clypeal quite bare. Palmate hairs 
on abdominal segments ii-vii only kochi. 

' 23. Palmate hairs on abdominal segments i-vii • theobaldi. 

Palmate hairs on abdominal segments ii-vii • • 24. 

FIG. 27. Right side thoracic palmate of 
A. teasellatus, 

-co 
0 



2,, Filament& of abdominal palmatea very short and 
V~Jnoate (.6.g. 28) 

Filaments of abdominal palmatea more distinctly 
elongated (.6.g. 29) maculatus. 

willmori. 

25. Posterior clypeala absent 
Posterior clypeala present 

macuZipalpiB, 
26. 

26. Inner anterior clypeala more or leas branched. 27. 
Inner anterior clypeala completely simple • pulcherrimus. 

27. Inner anterior clypeala weakly branched • pallidus. 
Inner anterior clypeala distinctly branched • · · 28. 

28. Vertioal hair simple or bifid. lat abdominal 
p&lmate weak, only 7-8 rayed jameat • . 

Vertical hair with 5-6 branches. Palmate hair of 
1st abdominal segment well developed, 10-12 
rayed Juliginosus. 

Fra. 28. .AbdoiUinal 'palmate of .A karwari. 

Fra. 29. .Abdominal palmate of A. maculatus. 

... 
~ .... 



APPENDIX IV. 

PUBLIC WORKS DEPARTMENT, F. M. S. 

Specification for construction of under drainage. 

A. M. E. and Health Officer to be informed. 

J. 'fhe Engineer shall notify tl1e Anti.Malaria Engineer and the nearest Local Health Officer 
before works in connection with land drainage are begun and shall co.operate with the Health Officer 
in preventing mosquito breeding as the work proceeds. 

2. This specification is to be observed by all Engineers who will see that their subordinate officers 
in charge of work thoroughly understand and comply with it. Where alternative m~thods or materials 
are authorised by this specification the Engineer in writing shall specify in each case the methods or 
materials to be used. If cases occur when a departure from specification is deemed necessary, reference 
shall be made to the Director of Public. Works for his decision. 

Clearing vegetation .• 

3. No vegetation or trees shall be cut down or clearing be done without instructions in writing 
by the Engineer. 

During the progress of work clearing shall be limited to the bare necessities of work in hand and 
final clearing shall not be undertaken until drains and trenches effectively dry out surface. Within 
ravine bottoms and in the vicinity of underdrains trees shall be felled and removed and tree stumps 
shall- be grubbed ·out and removed. 

Works to begin from outlet. 

I. All drainage work including laying of pipe underdrains shall begin and continue from the 
outlet and upwards. 

Temporary drainage trenches shall be opened up ahead of final work as may be necessary to dry 
out surface soil and facilitate cutting to final depth. 

Drain Trenches. 

5. Drain trenches shall be cut on lines and to levels and grades as shewn on plans and aligned on 
site. The grades shall in every case be indicated by sight rails set up by the Engineer or his auth->rised 
representative and boning rods shall be used to determine depth. Trenches shall normally be about 
5 feet deep and no underdrain shalfbe formed so that the pipe has less than 4 feet of cover over top of 
pipe. Trench lines shall be as straight as may be practicable and give the most direct discharge to 
drainage water. 

6. Turf removed when trenching shall be stacked conveniently for use as required. 
7. Excavated material shall be placed well away from trenches leaving not less than 2 feet clear 

to trench side and material shall be further removed should stability of trench be in danger. 
8. Trenches which are to be filled in after underdrains are laid in them shall be cut of sufficient 

width only to permit of safe and easy excavation and pipe laying. Whenever trench faces will nut 
stand firm supporting timbering of approved form shall be used. 

( -192 ' ) 
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9. Treneh bottoms shall be a.ccurately excavated t-o the precise dfopth &A ~tivc.-n by boning rods. 
Should the bottom be cut below grade, gravel or other approved mn.terU..l shn.ll llf' wc.-11 troddc.-n in to 
bring bottom to grade. · 

II), When any trench bottom ia soft and unsuited fu receive pipes it shall be cut below grade 
and a layer of sand or other approved materialshall.be put in and consolidated to form pipe bed. 

11. In unsuitable soils no trench shall be opened to full depth for a greater length than can be 
piped and completed the same da.y, unlell8 the trench be securely timbered. The open end of pipe 
drain shall be suitably protected to prevent entry of silt. 

12. No pipes shall be laid in any trench until the trench has been inspected and approved by the 
Engineer or his authorised representative. · 

Pipu. 

13. Pipes t-o be used shall conform to specifications for pipes of the clall8 required, and shall be 
carefully transported from place of delivery on nearest cn.rt road to plP.ce where used. Imperfect 
pipes shall be sorted. out and disposed of as may be ordered. 

Pipu witkout BOCketB. 

1<1. Pi pes without sockets shall be well and firmly laid on trench bottoms with then· ends abutting 
true r.nd close one fu another. Especial care shall be taken fu ensure that the ends are in contact 
over the upper three-quarters of periphery. The pipes shall be held in place by clay packed between 
lower hall of pipe and trench sides, the lower part of joints being left clear. The pipes shall not be 
trodden on nor displaced in any way. 

15. All pipe Iince shall be straight unlell8 otherwise required by plane or ordered by the Engineer . 
or his authorised representative. 

Cttrvu and bends. 

16. Changes of direction in pipe lines 6 inches in diameterand upwards ehall bllformed of tangents 
and curves and the curves shall be as gradual as may be practicable. Reverse curies shall not be put in. 

17. Socketted pipes, with special bends if necellBR.ry, shall be used for all changes of direction 
where the joints cannot be closely abutted as provided in Clause U unleBS other special methods of 
using pipE"S without sockets or inspection wells or silt traps are provided for. 

Junctions. 

18. T-junctions shall only be used in connecting 4-inch collector drains to a common outlet or 
in fornoing special connections on pipe lines as may be ordered. • 

Y-junctions ehall be used to connect 2 smaller size pipes to a larger pipe. Side junctions 
shall be used to connect a small pipe to a larger pipe. The angle of intersection of a side junction 
shall be approximately 45 degrees. 

Special protection of joints for pipu without BOCkeUI. 

19. In fine, easily disintegrated soils, the pipe joints shall be covered with a wrapping of canvas 
or other approved material-or pipe collars, as may be ordered. 

lnBpection well8 and lliU trap1. 

20. Inspection wells and silt traps shall be used at changes of direction or junctions as shewn 1111 

plans or as may be ordered. 

Relief well8 and ttnder inletB. 

21. Relief wells and under inlets shall be formed as shewn on plans or as may be ordered. 
22. All inspection wells, silt traps, sumps, relief wells and under inl•·ts shall conform to the 

drawings ill8ued in respect of them and shall be subject to special instructions in each case. 
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Socketted pipes. 

23. Socketted pipes shall be used where shewn on plans or where otherwise ordered. 
24. Spigot and socket joints shall be closely butted and the full length <>f pipe shall be firmly 

bedded on trench bottom. The joints shall be filled with tarred twisted yarn or other approved 
material tightly packed in over a length equal to socket space and the outer portion of joint shall be 
well packed with clay of approved quality. · 

25. When shewn on plans or specially ordered cement mortar OJ" other approved material shall 
be used for joining instead of clay. 

Inspection of pipe line.9. 

26. Before any section of a pipe line is filled over it shall be inspected and approved by the 
Engineer or his authorised representative. 

· Blinding pipe lines. 

27. Following inspection and approval, joints in pipe lines shall"be blinded by clay packing ut 
least 4 inches in thickness in case of pipes 8 inches in diameter and under, and of such greater thickncRs 
as may be ordered for larger pipes. 

The clay blinding shall be well pressed down so that water can only enter pipes through the lower 
1 of joint periphery. Where clay is not available subject to special instructions joints may be blinded 
by covering pipes with bert am leaves or other approved long leaf material laid without folding to cover 
upper ! of periphery of pipes and be then packed over with approved material. 

Percolation screens. 

28. Gravel screens to allow of water entering over whole periphery of joints shall only be used 
u may be ordered. 

Such screens shall be formed of approved graded material 12 inches thick or more of which the 
portion next pipe shall be coarser than the outer part. The outer 6 inches at least shall pass a 1"~ -inch 
mesh and be retained on a !-inch mesh. . 

The inner three inches shall pas_s a l-inch mesh and be retained on a lrinch mesh. The trench 
filling over such gravel screens shall be formed of earth gravel or other material as may be ordered. 

Filling trenches. 

29. Back filling of trenches shall not be commenced until blinding as specified above has been 
inspected and approved by the Engineer or his represent-ative. Back filling shall be done with 
such material and in such manner as may be ordered. 

The material shall be loose without large lumps spread in layers about 3 inches and in no case 
exceeding 6 inches in thickness and be well trodden down before the next layer is filled in. 

The material shall be compacted by well treading down and not by ramming and shall be broken 
up and damped if necessary but wet soil shall not be used. The filling shall be brought up to the level 
of surrounding ground which shall be cut and filled as necessary to form an even surface. 

Defecth•e filling. 

30. Filling shewing defects sh~ll be taken out down to pipe level and be properly replaced. Any 
1 inkage in filling is evidence of . defective work. Pipe lines under defuctive filling shall be examinf'd 
and relayed if silted or displaced. 
. 31. The surface of ravines shall be evened anrl graded so that no depressions or obstructions 
remain which are likely to prevent the free flow of water, cause channelling, or the formation of pools 
on the surface. 
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MaBOnrg drain8. 

32. Masonry drains sha.ll conform t.o th~ specification for drains of the class required by drawings 
or ordered to be nsed. 

33. Masonry drains in underdrained areas shall be on lines and to levels as shewn on plans. The 
grades shall be indicated by sight rails set up by the 'Engineer or his authorised representative and 
boning rods 11hall be used to determine depth of drain invert. 

34. All masonry drains shall be formed true to grade and straight or with tangents and ea!'>y 
curves or with simple curves as may be directed. 

Any deviation from line ordered shall be made good. . 
35. Changes in grade of masonry drains are to be gradu:J.l so that water will flow without shock. 

Steps or abrupt changes shall not be used. 
. 36. No masonry drain shall be place~ at a lower depth than is neceas~ry and the ground along 

masonry drains shall be protected from damp by suitably. placed underdrains. Weep holes are to be 
avoided unleBB specially ordered. · . 

37. The underdrsins protecting sides of masonry drains from damp shall be at a lo·.ver level than 
inverts of masonry drains as shewn on 1•lans. Where such underdrains discharge into masonry drains 
the shallow portion shall be formed with spigot and Rocket pipes with sea~d joints. 

Weep kolu. 
3S. Weep holes where u.<Jed shall be made at intervals shewn on plans or as ordered and shall be 

formed with a slope from hack of drain to face of drain wall. The hole shall be covered at back of 
drain with a piece of tile or approved flat materia.! to 11revent earth back washing int.o drain. 

f!oMrcte block drain&. 

39. Concrete block drains shall be truly laid on a firm bottom with closely butiing joints. · No 
joint shall exceed 1 inc!l in width. In event of displacement the alignment. and grade shall be borrected. 

Brick or concrel.e drain& made in situ. 

40. Brick or concrete drains formed in place shall be built on a firm well drained bottom, true 
to grsde and alignment. Precauti?ns sh~ll be taken to prevent disturbance until work is thoro~gbly 
set. 

41. Back filling of masonry drain sides shall not be commenced until the Engineer or his autho
rised representative has inspected and approved tho masonry work. Earth filling shall be compacted 
as specified for trench filling above, and brought to slopes as shewn on plans. 

Connection& to masonry drain&. • 

42. Underdrains shall be connected to masonry drains with socketted pipes not leSB than 2 feet 
long taken into masonry wall at such height above invert aa may be shewn on plans or otherwise 
ordered. The sockeited pipes shall be well bedded in 1-2 fortland cement mortar to masonry wall 
and the dischal'ge opening in wall shall be neatly finished off with the mortar. Great care shall be 
taken that flow of water is not checked by irregular work and that mortar is not disturbed while 
setting. 

43. The angle of intersection between masonry drains and underdrains connections shall not 
in the case of pipes 6 inches in diameter and upwards exceed 45 degrees. Special bends shall be used 
as may be nece88&ry for this purpose but reverse curvt!'s shall not be used. 

Opera earth drain&. 

44. Open earth drains shall be straight and true to grade and line as latd out and determined, 
sight rails and boning rods being used as specified for other drains. The slopes shall be exactly formed 
to template as shewn on plans or otherwise ordered. 
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Surplus spoil. 

45. Spoil ft"om open earth drains shall be filled as may bo ordered into unused channels, holes, 
or depressions if existing, or otherwise be evenly spread over surface of surrounding ground well away 
from drain sides. Spoil banks shall not be formed. 

46. Connections of underdrains to open earth dru.ins shall be by means of not less than two lengths 
of socket-ted pipes j-ointed with cement mortar as sh'lwn on plans. 

47. Connections of masonry drains to open earth drains shall conform to plans issued in respect 
of each case. 

Earth jllling. 

48. All·filling_of depressions, small holes and unused drainage channels shall be done as specified 
in Clause 29 for trench filling. The filling of large holes and general filling not affecting stability of 
underdrainage or ravine ·surfaces may be done as otherwise ordered. Turf, vegetation, and timber 
shall be removed before filling is done. Turf so removed shall be replaced after filling .. 

49. No filling shall be done in any hole or depression in which water is lying until such water be 
·drained away, and any water lying below drainage level sh~ll be pumped out until filling is rai8ed 
above d1·ain~ge level. · 

·Protection of 8'Urfaces. 

50. Surfaces subject to wash or damage by rain or drainage water shall be protected as shewn 
on the plans or as may be otherwise ordered, and the protection shall·he effectively maintained. 

51. Turf protecting surfaces shall be laid as directed and pegged down where ordered. The 
turf shall be sods of even thickness well trodden: into place. Pegs shall not be 'ess than nine inches 
long. In dry weather turf shall be watered after placing until it has well rooted. 

52. Unless special instructions are issued to the contrary strips of turf or spot turfing shall be 
sunk level with the surrounding ground. 

The 14th _November, 1922 •• 

(Sd.) G. STRACHAN, 

.Assistant Director of Public Works, F. !Jl. S., 

for W. EYRE KENNY, 

Director of Public Works, F. M. S. 
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The Standard Treatment for Malaria has always 
been· the Alkaloids of Cinchona 

·QUININE 
QUINIDINE 
CINCHONINE 
CINCHONIDINE 

AND 

SALTS 

QUALITY AND COLOUR UNSURPASSED 
ALSO 

PLAIN and SUGAR-COATED QUININE TABLETS 

CINCHONA FEB~~FUGE 
AND . 

CINCHONA FEB~IFUGE TABLETS 
MANUFACTURED BY 

BANDOENG QUININE FACTO~IES 
BANDOENG 

.lAVA 
De WITTENKADE 48-50 

AMSTERDAM • 

Ask for Quotations for your requirements. 

Regular Stocks held by the Sole Agents for INDIA, BURMA 
and CEYLON 

M ·t• d H • Ltd 8, Waterloo St., Calcutta ar ID an arrJS • Graham's Buildings, Parsl Bazar St., Bombay 



PREVENTION ·OF MALARIA 
LARVICIDES . 

. 
PARIS GREEN 

We have pleasure in announc
ing that we are actual manu
facturers of Paris Green 
(vide page 164) and are iu 
a position at ail times to give 
prompt delivery. 

56 lb. tins 
1 lb. bottles 

Prices as below : 

Re. 1·8 lb. 
Rs. 2-0 lb. 

ex Warehouse. 

JEYE'S CYLLIN 
Jeye's Cyllin has a guaranteed 
Rideal Walker coefficient of 
18/20 and can he relied upon 
as the most efficient and 
economical disinfectant avail
able. 

Prices as below : 

5 gallon drums Rs. 5-8 gallon 

1 .. " .. 6-0 " 
Reduced prices for quantity. 

We shall at -all times be pleased to quote prices for drugs 
and chemicals in connection with Malaria treatment and 
Research, and in particular solicit enquiries for Ampoules, 
Tablets, Mixtures, etc., to customer's own formulre, all formul::e 

being treated as strictly confidential. 

SMITH STANISTREET & CO., LTD. 
Manufacturing and Research Chemists 

CALCUTTA 



THE CHEAPEST AND MOST 
RELIABLE HOUSE 

For Scientific Apparatus and Reagent Chemicals 

for Malaria and other 
HIGH CLASS RESEARCHES 

Microscopes (Leitz and Zeiss) 

Microtomes (Cambridge Rocking, etc.) 

lncub~tors (Hearson) Jena and Pyrex Glass 

Autoclaves and Sterilizers 

Ha:mocytometers (Thoma) 

Hremoglobinometers 
(Sahli 

Analytical Balances 

Centrifugal Machines 

Laboratory Wares, ~tc. 

E. Merck's Reagents 

Dr. W1tti' s Peptone 

Soloid Tabiets (B.W.&Co.) 

S. C. P. and Royal Berlin Porcelain Goods 

Silica, Platinum, Nickel and Rubber Goods, etc. 

Physical Laboratory Requisites 

THE LILY & CO. 
Office :-26, College Street Market (1st floor) 

Godown:-34fl, Boloram Dey•s Street 



LONDON SCHOOL OF HYGIENE 
AND 

TROPICAL MEDICINE 
23, Endsleigh Gardens, Euston Road, London, W.C.l. 

Division of Tropical Medicine and Hygiene. 
(University of London.) 

Director: ANDREW BALFOUR, C.B., C.M.G., LL.D., M.D., D.P.B. 

THE School is open to fully qualified Medical Practitioners. 
Other applicants may be admitted in special c_ircumstances. 

There are two Courses of Study in each academic year, 
commencing in October and March, resp~ctively. Each Course 
lasts for 20 weeks inclusive of examinations. Certificates are 
granted to successful Students in the School Examinations. 

The Course consists of Laboratory and Clinical Work, 
Hygiene, and other Lectures and Demonstrations on the scientific 
subjects forming the basis of tropical medicine. It covers the work 
required for the D.T.M. & H. (Eng.) and part of that required 
for theM.D. in Tropical Medicine of the University of London. 

Special Courses are held from time to time. 

F~ur Research Studentships, each of the value of £250 per 
annum and a Wandsworth Scholarship of £3 70 per annum 
are available. 

Full details are given 111 the Prospectus and Calendar which may be 

obtained on application to the Secretary of the School. 



Anti-Malarial 
Research Equipment 

MICROSCOPICAL APPARATUS 
By Leading Makers. 

We maintain comprthensive stocks of Microscopical 
Equipment by Zeiss, Leitz, Reichert, etc., for Research 

and General Work. 
Microscopes, Objectives, Oculars, Binocular Attachment, 
Photomicrographic Apparatus, Mechanical Stages, 
Centrifuges, Dissecting Microscopes, Dissection Instru
ments, Microscope Lamps, Condensers, Hand Lenses, 
Micrometers, Stains, Staining Dishes, Slides, Co\·er 
Glasses, Slide Boxes, Sets of :Mounted Slides (Physio

logical, Pathological, Histological, Botanical), etc., etc. 

OPTICAL 
PROJECTION APPARATUS 
For Lecturers, Medical Schools, 

etc., etc. 

Lanterns, Objecth•es, Condemers, Arc 
Lamps, Resistances, Carbons, Acetylene 
and Focus-Light Outfits, Oil Lamps, 

Screens, Stanrls, etc., etc. 

LANTERN SLIDES 
We can supply comprehensh·e sets of slides on MALARIA and other subjects COHring Health 

and Medical Science, Hygiene and Social Welfare, etc. 

ENTOMOLOGICAL APPARATUS 
Collecting Nets, Folding Nets, Killing Bottles, Collecting Boxes, Cabinet Cork Sheets, 
Store Boxes, Postal Boxes, Entomological Pins, Boxes with Glass Tops or Bottoms, Pond Life 

Collecting Apparatus, Setting Boards, Pocket Microscopes, Magnifiers, etc., etc. 

LAWRENCE & MAYO LTD. 
(Incorporated In England.) 

SCIENTIFIC INSTRUMENT 
AND 

MAKERS 

Ophthalmic Opticians to the Principal Ophthalmic Surgeons In the Eaat. 
18, Old Court House Street, Calcutta. Head Offices: 
44, Hornby Road, Bombay. 19, New Oxford Street, London. 

Bra11chcs: Rangoon, Madras, Deihl, Lucknow, Simla, Karachi. 

Price LiJts Post Free on Request. 



'An· ~mpf!r'taiai' N~w Book. .N_early ·Ready: 

Price t Rs. · .5: 

ANOPHELINE .LARVAE 
'A~. inustr.~t~d Key to th~ .Icfentjfic~t~;n~ ·~f. the.~-\~or:!be)ine 

INDIA~.: CEYLO!f AryD· MALAY A 
. .., ' ,. ""' . •. . . .. 

· .. WEST OF .WALLACE'S L~.E 
-

With Practical J~~otes on their Collection. 
' . 

J3y ..c, STRICKLAND, M.A:; B.c. (Cantab.), 

Larvce 

LrJ~· .iiedical· E11t~m"Qlo;ist, F • .M, s: Gover1ime~t; ·Frofe.fsor of 111 edical E11tomology 
· · · • in .the School of Tropic~[ Medici11e, Calcutta, 

AND · 

.. K. L~ CH<?UDHURY, :M.n., n.P.H. (Cal.), 

Chief Assislall't i" Malaria Surve)'S of Assam a11d Bt!11gal from the' School of 
Tropical Medici11e, Calcuttq. 

With.~· Foreword 

By ..;SIR RONALD ROSS, K.c.n'., K.C.M.<!,-1 P.a.s., 

Director_-iiJ·Chief, The Ross Institute, Lo11dim. 

Nothing' is more urgently required than a book on the larva: of Anophe
line Mosquitoes. The information can. indeed be found more ·or less 
accurately stated in text-books and in many sciet;~tific journals, but workers 
are obliged to consult· all such works one after the other in order lo 
gather' a .complete knowledge of the subject. Drs. Strickland and 
Choudhuri's handbook will therefore greatly facilitate the work of malario
logists and . medical men in the field. It is most necessary to uistinguish 
the speCies of larva: without waiting for them to hatch _out, which is at 
present an unfortunate necessity for busy Health Officers or students of the 
subject. Dr. Strickland is one of OIJr greatest authorities on the subject of 
mosquito-control and has paid special attention to larvcc during many years. 
His book is simply and efficiently arranged, and is sure to meet a want 
much felt amongst the many ·persons who are now taking up the important 
study of the Prevention of Malaria in the fielu.-SIR RoNALD Ross. 

Publiahed and Sold by 

_THACKER, SPINK & co. 



•••••••••••••••••••••••••••••••• 
BENGAL· CHEMICAL & 

PHARMACEUTICAL WORKS, LD. 
ll!allufacturers of: 

Mineral Acids and Heavy Chemicals; all sorts o£ Pharmaceutical 
Preparations and Surgical Dressings :: •• : : : : 

Furnish"rs and Fitters of Laboratories .. : : : : 

Sinkin~ ar..d Fitting up of Tube-wells a speciality : : .. : 
We keep a large stock of Laboratory Glasswar.,s, all sorls of Physical 
Apparatus, Balances, Microscopes, Fine Chemicals, Merck's guaranteed 
Reagents, Ammonia, etc., etc., etc. 

BENGAL CHEMICAL & PHARMACEUTICAL WORKS, LD. 
CALCUTIA. 

Microscopes (Leitz, Zeiss). 
lncuba tors (Hearson'a ), Autoclaves and Sterilisers. 
Hzmacytometers, Hzmoglobinometera, etc. 
Microtomes (Cambridge Rocking, etc.). 
Grubbier's and other makes of Stains. 
Ph. Indicators, Comparators, etc. 
Pure and Analytical Chemicals (Merck, Kahlbaum 

and B. D. H.) 
PYREX and JENA glass laboratory wares. 

For a11y of the abot•e or other laboratory 
req11irements, pteasc ·write to-

NADIA CHEMICAL WORKS 
C 44 & 46. College Street Market 

CALCUTTA 
(Godown at 41. Shibnarayan Daa Lane) 

fhoue : 3176 B.B. Tel.: Nadiacbemi," Calcutta. 



Cure of Malaria·-~ ._.,. 
The QUICKEST and SUREST w~y . " ••. .>.stronl!"IY recommend intramus· 

of introducing Quinine in lVLalaria is cular injections in all cases with gastric 
by INTRAMUSCULAR INJECTION. 
Hence this is the MOST BENEFICIAL disturbance, where, for any reason-- the 
way. · Quinine is failing to act, when the disea•e 

u In any type o£ Malariit:, ··if the brain is beeomihg :·chronic or in :serious ..su~ 
is affected or if the patient is insensible tertian infections. .....•• We therefore 
and cannot or will not swall~w. recourse recommend the . tropical practitioner to 
must be had to INJECTION of Quinine ... ·purchase and keep by him the STERI· 
•.... In all cases in which the EARLIES1.' LET. T""S, which. are little hermetically sea]. 
POSSIBLE action of the drug is of "" 
_import~nce, it must be .so administered.~~,.. ed yials cOntaining Quinine in solution." 

-Manson: _:_Castellam & Chalmers. 
Ready made Ampoules for idjection may be had-carefully 
Prepared and properly sterilised.,--in the following strengths. 

ACID CINCHONA!'fYDROCHLORIDE ACID. QUININE· .HYDROCHLORIDE 
5 gr. !n 1 c.c. · ,· .· ..... ·. _ 10 lj'r_,,tn 20 c.c, 

10 gr. m 2 c.c. . AC.ID QUININII;: HYDROCHLORIDE 
ACID QUININE !'fYDROCHI..O~J.D~ C',-. . · .. WITH· UflETHANE 

3 gr. Jn 1 c.c. ;_ .. ) ,. . ..., 5 gr .. ~n l_c.c. ,. 
5 gr. in 1 c.c. 5 gr. !n 2 c.c. 
5 gr. in 2 c.c. 10 gr. !n 1 c.c, 

10 gr. in 1 c.c. 10 gr. tn 2 c.c. 
10 gr. in 2 c.c.. · ACID QUININE HYDROBROMIDE 
10 gr. in 3 c.c. 5 gr. in 2 c.c. 

Convalescence after Malaria 
The commonest nnti thE most serious complication of Malaria is ANJ.E;MIA-the 

cause of most of the RELAPSES and DELAYED CURE. The cure of an ATTACK 
of Malaria does not end the DISEASE. Rela11ses in these cases are often the rule and 
not the exception, .as the concurrent Anremia 1s not taken proper care of. Some para
sites lie dormant and after an apparent cure wake up to renewe'd activity whenever 
opportunities arise. owinl!" to the lowered vitality due to Anremia. The INFECTIONS 
themselves and ANJ.E;MIA form a vicious circle an'd. the link in the chain can only he 
broken up by· curing BOTH. 

For Anaemia In Malaria. 
A genuine preparation of Hremoglobin, 

together with hormones of the hremopoietic 
organs.- PosSesses an elegant taste and 
odour, and has no irritant action on the 
gastrointestina:l tracts. Prepared by a cold 
process, thus leaving the hormones and 
the vitamines unaffected. 

An Ideal llaematlnlc;. r 
Two useful combinations, 

SYRUP BAEMOGEN with Normal Sera. 
Rapid restorative in cases of Anremia •with DIGESTIVE DISTURBANCES. 1.'he 

nutritive value of the Serum is 2reat as it supplies the Hormones of the Endocrine 
glands and also transfer natural Immunity. Specially indicated in cases complicated 
with TUBERCULOSIS. . 

SYRUP BAEMOGEN with Strychnine, Arsenic, 
Glycerophosphates, Lecithin. 

For intensive tl'eatment of Anremia with marked NERVOUS DEBILITY. Restores 
the nerV-ous orgallisation to it!t no:>rmal state. 

IIlm~IMMmJn~t~J!! 
ESTABLISHED 1919 ·. 

153. Dharamtolla Street. CALCUTrA. 
The premier establishment for the manufacture of Sera, 
Vaccines, Injectables and organotherapeutic products. 

Telegrams: "INJI!CTUI.I!," Calcutta. Telephone: 3359 Calcutta, 



yEs, DOCTOR, when you use 

any of the FRAISSE A~IPO. Ul.I':S 

yon know you are injecting 

controlled solutions of absolute uni

formity and that definite results 

accrue instead of ineffectiveness and 

discouragement. Your patients res

pond in a remarkably brief time. 

Subjective symptoms are promptly 

ameliorated. And, remember, thest' 

standard, unequalled and sa.fe 

ampoules are available at the lead

ing druggists and physicians' supply 

houses thro.ughout India. 

MORE than a quarter of a century ago , to· be exact in 1900, THE FRAISSE LABO
,....RA ~q~I ES. P'!ris, France, first introduced to the medical prof_es~ion at t__he Great Universal 
'fExhtiJittOn, Pans. _ - · · 

Fraisse Ferruginous Ampoules- · 
Almost in the twinkl ing of an eye an ~xcel!ent combina.tion , such as iron ,. arsenic and strychnine, 
e(fecti ve in action, but destructive to good dige~tion, passed out of the p i ctuq~ , q__i-:fivh way to lite 
s•mfJll' , effective, resultful and harmless Ferrugmous A.HIPoules. . ' : 
Not only do the contents of these ampoules leave the gastro-intestinal tratt in all its p ristine 
actil•ity. but tlr cy do ""'affect tltc llidueys. So far a~ physiolo!!ical distur!>ance is ca.r;~cerned, the 
~ystem knows it not. It receives nothing but physiological benefit. : , . ·• 
Under the ~ld regime, the physician could not tell the amount of iron his patient was r~ceiving, 
on acco.unt of the possibility of inertness, and tbt> inability of many a stomach td assimilate the drng. 
He labours undt>r no misapprehension to-day. Every time he injects the contents of a Ferruginous 
Ampo'ule (Fraisse) be is positive tllat there enters the patient's system, 

Cacodylate ol Iron gr. 1 16 
Cacodylate ol Strychnine gr. 11120 
Glycerophosphate ol Sodium gr. U 

Potency, accuracy of dosage, ease of assimilation and administration and freedom from any 
type of after-t!ffects are the outstanding cbaract<'ristics of this excellent combination. No more 
will the doctor become discouraged by ineffecti\•t!ness of his medication. By the means of this 
unexcelled hematin ic, 

The P~ysician Has the Case in Hand al All Times 
He realizes that the patient's system will not be upset anJ that he- can g ive each person as much 
treatment as the indi,·idnal can properly ta!<e. 
The popularity of the hypodermatic method o{ trt!atm~nt amply attests its "alue. Thco increasing 
number of physicians who use Ferru~tinous Ampoules (Fraisse) and' secure definite results from its 
aoimir,istration, amply attests its therapt>ut;c worth. 
For the treatment of a!lremia or any o.ther condition in which it is essential that there be an incrt!ase 
in the white bloo:t co>rpusclt>s and in the h:-cmoglohin index, physician~ will find a remedial agent 
of superior worth in Ferruginous Ampoules (Fraisse)~ 

Administration by Mouth : 
If preferred, Fraisse's Ferruginous may be ri ven by thco mouth, as it is supplied in solution form 
in 25-gramme bottles. 
This method of arlministr-~tion is preferabl<' with yoncq children ; of course, with appropriately 
rednced dosag-e. It is strongly advised , however, that the hypodermatic method should be employed 
with adults whenever it is not especially contra-indicated. 

Sole Age11ts fo,. Fraisse La!Jo,.aturies: 

J. CHARLES & ALBERT DAVID BROTHERS, 
12. Dalhousie Square. CALCUTTA. 


