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NOTICE.
INSTRUCTIONS TO AUTHORS
Aantscrrr
5S should be sent 1a duplicate only after careful revision and eorrection, otherwise they are
hatle to be refsed  Authors are asked especially (a) ta verily the proper fopical arrangement and
sequence of therr headingt and subheadings, and (3) to maintain umformity in the use of contractions,
eapitals, ialics, etc A short summary of the salient pounts of the paper should be placed at the end
“Tables, charts, ete , thould be numbered, aod alluded (o 1n the text as * Table I°, ete, and not
¢ * the follawing table *, ete
ABBREVIATIONS, ETC.

The following contractions are 1 usc 1 the Jadian Journal of Malariology, whether tbe number to
be expressed 1s one or more —
ramme, gm, kilogramme, kg, centgramme, cg , mulbgramme, mg , metre, m ,
slometre, km , em , milmewe, mm , cubc cc, cube
millimetre, ¢ mum , cubic foot, ¢ ft
N B —In order to svoid ambiguity the word  gram* should be wntten in full
Where degrees of temperature are given, the scale used should always be specified, e g 37°C., 08°F
Tondicate a percentage, * per cent * should be uscd, and not the symbol &,
The decimal point should never be placed at the beginning of a rumber , e g the form 0 5 should
br used, not 5
Dates should be written as follows —Febwrﬂmo

lu_hnm\; MATTER

Temperature charts, graphs and drawings should Betn fadién nk  These, as well 23 photograpbs
should be uncrumpled and suitable for direct reproduction  Alldetails and lettering should admit of
reduction 16 the nze of the page of the Journal without loss of clearness

Tilustrative matter should be definitely arranged by the author as so many text fgures or plates
231 ¢ cave may be, having due rrgard to the size nid shape of the page of the Journal, and the capacity
of the drawings or photos for reduction  The approximate position in the text 1o be oceupied by Tables,
Figures etc, should be clearly indicated

The use of colours should be avolded Thus in maps, hatching and cross-hatching should
be used wherever poasible, whilst 1n graphs unbroken hnes dots dashes ot dots and dashes combined
should Le emplayes, instead of hncs 1 chfTerent colours

Large plans, tables, maps, etc., which cannot be veduced to the size of u page of the
Journal, or at most » single folded leal, will not be accepted.

I the case of photos for reproduction mstructions to printer mav be marked on the back of the
[ Behty, wch a poft peneil - Never write on & picce of paper and attach 1 1o the print with & clip,

causc the mark of the chp will chow

Rerexuvces.
The following is the form used the reference bemng quoted in the text as * Chrustaphers {1915} *
The references should be srranged in Vorder of authors sumames af the end of the PAFE —
Cnanroruens § R (1g:5)  The spleen rate and other splemic indices  fad J Med Res, 2,4,
p B23-806

T‘)e ttde may be omitted but the reference should alwavs give author s name, vear, abbrevisted
- .

Lo . ' a " ytvpe
. ' - o year
“ . . P . v dcase,
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the single-dose
dispensary treatment of malaria

For patients partially immune, a single dose of 4 tablets of ‘Avloclor’
{0 6 gramme of base)* 1s rapidly effective n terminating the overt attack of
malaria, whatever the species of parasite

*Avloclor’ has a most powerful action aganst the asexual blood forms
and detailed investigations and widespread use have failed to demonstrate
the existence of resistant strains

‘avloclor’ * Dosage recommended by i~
WHO Expert Commircee on Malaria,
CHLOROQUINE PHOSPHATE B P C Sth Report 1o 80 June, 1954 38
tee of the Colonual
Packings Tablets of 025 Gm (=015 ’{4"3,'}:1‘ 'ﬁf}esa‘:};xmmn's Recommen
Gm base) Packets of 4 and containers dations on the usé of anumatanal Drugs
of 10 and 500 Brit Med J 1954, 1 148

Luterature and further mformation available on request :

IMPERIAL CHEMICAL INDUSTRIES (INDIA) LIMITED
Caleutea Bombay Madras Kanpur New Delhl
Ahmedabad Amritsar Cechin
Sole Distributors in India for

IMPERIAL CHEMICAL (PHARMACEUTIGALS)LTD , MANCHESTER cr e
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NOTICE.

The Indian Journal of Malariology 15 publshed four times a year, in Match, June, September and
December  Each”volume conasts of four numbers

Articles for publication and Journals sent in exchange should be addressed to the
* Director, Malaria Institute of India, Delhi®, from whom all information regarding the Journal
may be obtained  Purely business communications and apphcations for copies of ‘the Journal should
be addresscd to Messrs Job Press Lumited, hanpur, to whor also subscriptions should be paid

Contributors will recewve 25 reprints, without covers, of thewr papers free, and additsional copies
at cost price Any contributor wishing printed covers supplied ¢an obtain the same on payment at an
average cost of Re 10-6 0 extra for 25 reprinty

Papers fi ded for pub ion are und: d to be offered to the ¢ Indian Journal
of Malariology® alone.

‘Tmaus —The subscription to the Indtan Journal of Malariology 1s Rupres twelve (or seventeen
shillings, six pence), per volume, consisting of four numbers, post free, single copies Rupees five (or seven
shillings, three pence), postage extra

Any demand for reprints addwional to the above, must be forwarded at the time of submission of the
articlefor publication, and wilt hie charged for at the following rates, and additional copies and extra pages
at appropnate rates —

Cost oF

Nuuser oF NUMBER OF RePRINTS Cost or

REPRINTS Paces {Without Cover) Cover EXTRA

Rs a1 p Re as p
4 210 0

12 Copies 8 414 0 710 o
16 810 o
4 36 0

25 Copes 8 630 0 6 o
6 10 6 o
4 4 60

50 Copies 8 8 0o 1310 o
16 12 6 o
4 700

100 Copies 8 1t oo 1710 o
16 1710 ©
4 913 ©

200 Copics 8 15 6 0 25 10 ©
16 26 3 o

A —
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Reprints are supplied with page numbering exactly as prio
the pagmation altercd to commence from page one can have the same at &
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Where untilled soil tells of malaria

While world poputation maunts, food producsion fags behind Yet crops
coutd be sbundantly increased in many sceat f malackx were effectively
controlied Encouraging repors on “Darsprim” suggest that this new drug
<an play a major part {n eradicating the diseaze Highly potent tasteless,
victually non toxie, ‘Daraprim  bas praved an excellent rupprassantin g
weekly dosrge of 25 mgm It is ssued a3 compressed products of 25 mgm,

‘DARAPRIL

o4 1n Pernce nd 34 Praack Ewpoe i Taiweds beand Prromatamivg

ﬁ BURROUGHS WELLCOME & CO (INDIA) LTD, BOMBAY
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The American Journal of Tropical Medicine

Official organ of the American Society of Tropical Medicine
Publ shed bi monthly one volume each year Established 1921
Subseription price $550 per volume including postage or

Rs 19-8

The journal 15 read m the Umon and i nearly 50 countries
all over the world as a current record of the advances
tropical medicine  In addition to chmical, practical, and public
health stucies, matersal s included on chemustry, pathalogy,
bactertology, protozoology, helmunthology, entomology, etc
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‘The policy of mnclusiveness 1s restricted by the fact that the
treatment of all subjects 1 strictly from the view pomnt of
tropical medicine

Orders can be placed directly with
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LINGNAN SCIENCE JOURNAL

This quarterly journal published by the Lingnan Unwersty offers
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conferences under the heading of General Notes

The Lingnan Science 7 e
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by subscription of §

A sample copy will be ser t on request
inquiries should be addressed

LINGNAN SCIENCE JOURNAL
ROOM 302 SCIENCE HALL
LINGNAN UNIVERSITY
CANTON, CHINA

00U CHDOORIOOGI OO

Manuscnipts subscriptions and

B EOCI0CIOOEDNC

O 10CI00

@Ot OEIIEIOTEIOOEIPTEIO LIV 0B

L =tl =



(oo o L

The other advantages....

Single-dose  treatment with ‘Niaqume’
brand chloroquine sulphate — the modern
method of controling the acute malanal
attach within 24 hours — 1s so ssmple and so
effective that the other advantages offered by

this drug are somectimes overloohed

munimazes the debihity resulting from these
attacks

“Niaquine 1s economucal in use, causes no
discoloration of the skin andats low touaty
and freedom from side-effects ensure that 1t

may be given safely even to children and to

Chlorog N

1y active ag; all

stages of the erythrocytic asexual parasites

and the rapichity withwhich parasttaemea and

e 0

feverare dinacute 0

P faleparum, P ovonax, or P malanace

PRESENTATIONS 200 mgm

p patients

‘NIVAQUINE

LEMLOROMUINT SULPHATSE

tabets feach contanng the equvalent of 190 mgm chlorogu re base)

Soluton for ijecton i § ¢c ampoucs feach conta nng the equalemt of 200 mgm. chloroquine base)
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PUBLICATIONS JSSUED BY T2 COMMONWEALYH INSTITUTE OF ENTOMOLOGY
THE
BULLETIN OF ENTOMOLOGICAL RESEARCH
{Pobiished Quarteely)
Containing onginal anicles on Econome Eatomology (IHustrated)
Annual Sabscription, in advance, Sox. a volume, post fire , separate parts 178 bd cach,
post free Prices of back parts on appheation
THE REVIEW OF APPLIED ENTOMOLOGY
{Published Montbly)
Comprinng reviews of current works on Economic Eulomoh:s throughout the waorld

Publushed i twoseries “A  dealing with msect pests of culuvated plants, and * B * deaing
with insects conveying disease or otherwise 1njunous to man and animal

Annual Subscription, payable before goth June of tbe current vear Series ' A 4as, Serics
#B  z0s, post feee  Prices of back parts on application  Separate Subject indices 1o
Sermy “A Vols I HI, 55 ner posticce and to Sceies “B °, Vols I-X, 503 net post feee,
arc also published

ZOOLOGICAL RECORD--PART INSECTA

Published annually about October 1 each year and contamng as complete a record as
posuble of the hierature of the previous year, chiefly from the systemanc standpomt d
s

Annwuat Subsenption (meluding postage) 3 6
Back Volumes (Pracet on application)
Orders shauld be sent to THE DIRECTOR,
COMMONWEALTH INSTITUTE OF ENTOMOLOGY
41, QUEEN'S GATE - - - - LONDON S.W.7
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MICROFILM AND PHOTOCOPY SERVICE

The Tndian Councl of Medical Research have set up a Microfilm and
Photocopy Service Untt at the Central Research Institute, Kasauli, and a
Microfitm Service Unit at the Laboratonies of Tata Memorial Hospital,
PFr:l, Bombay These Umts_ can su?ply En‘xcm(xlm and,p‘{x‘umsta‘(kmpxc:
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Indian Journal of Malarwlogy, 9, 4, December 1955

EDITORIAL

Tur Indian Journal of Malanology has successfully completed 25 years of its
service to the malana wotld  Starting as Records of the Malaria Surrey of India,
s nomenclature was changed to Journal of the Malara Institule of India 1n 1938
and finally switched over to Indian Journal of Aalanology sn 1947,

So far 22 volumes, each consistng of four issues, have appeared Itas a
quarterly publicaton but 1n 1932-1933 and dunng the war years (1941-1946),
when there was pauaty of matenal for publication, one velume was completed
m o years lor the same reason, two issues were combined into one, four times
dunpg ‘the enure period  The total number of prnted pages run to 11,506,
average 523 pages per volume  Duning thus penod, 8o articles have appeared,
average 37 per solume {lable 1)

Tame 1.
Number of articles and pages published

Number of  Number of
A olume Year i Pl

Records of the Malaris Survey of Tndia

1 5 1929-30 13

s 1911 21

3 1832 83 39

‘4 9y Eol

5 B 193% 32

[ 1930 13

7 17 21

Journal of the Malarla Institute of India

) i 1934 39 4~

H 929 , 16 se1

3 1810 “ o

] oz N ¢i2

5 191344 7 14t

I3 19840 | O B H

Indlan Journal of Malariology

1 91~ 0" H7

H 1934 1a 3

3 1919 13 s

4 190 n Sl

3 19,1 2% o

o 1932 4 w0

7 193 » 302

a 10,1 0 395

9 1935 a w2
Total w3 n s
Average por volume 37 a3

(223)
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Articles pub nly accod unts of work done by the staff of the
Malana Tnstit htc of X d (former\y Malarra Surve of India) an other India®
¢ _\o

workerss bu uma\ has en oyed the confidence of emnent research workers
m fore:g untres well and ncludes 38 many 38 58 contrbutions from them
r 10! “ w ng d:&m\s —
India [
Afnca 9 "
Belgm 1
Purma 1
Ceylon 12
Formosa 6
France 3
Holland 1
{ndonesit 4
Treland 1
Ttaly 2
Malaya 1
Nepal 1
Pa\ds&:m 2
Palesunt 1
Swmer\and 1
Uk 8
UsA 4 58
5 8o
o ——
go far 28 abstracts of arucles of local ympottance (the © ngnal M
having been ¢ 1n the yary © utute of 1a for reference
by workers who wish © consult them) and mn¢ obituanes of emunent workers Who
feft 2 wide gaP among the malanolo sts of the world, have appcared i the
30 al eview of 1mnpo’ at books 1\ recent! Peen st 4 and $O far
onty four reviews have PP ed
The 1otal DY authors W e Cf ated to U jour ume
o ume 3% 365 The lar§ mbert of ntribut a by angle & hor so faf
35 1,057 4 artcles DY Major Gene! r d ovel Pirectoh laria
Tnstitut® dua fro 6 10 1047) 4 the 1args pumber © ont! nons bY
angle & or 18 83 prising 759 Pa8 s by Lt Col 3 Jaswan Simngh (D\rector,
M 1 smute of Ind from 1947 1o date)
The su\)j We) nc\udc m 1 1ts asP! umarns smian
and rcccm\y ode! m physxo ogy © malan® pnmsne, P 'hologys motherapys
1 and €O ontrol} cies quitoess b Culex and
a

ymmuno fogys P demm\ogy , st
tonal €AP

An ophe\e (dustrd nbutions ve actys o T
the us€ of ¥ nscc(\cxd resistance 0 msccl\c!des\, Plackwater fever, ¥ la azaly
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Lditorsal Y oaey
was asusted at tmes by Tt -Coloncl H W Mulligan duning 1935 Major General
Sir Gordon Covell took up the cditorshup 1n 1936 and contmued tll 1946 He
was asssted by 1t -Colonel M K Afnds up to 1939 and by I t.-Colonel Jaswant
Singh from 1943 onwards It -Colonel Jaswant Singh became the editor 1n 1947
and 1 still continuing

The journal 1s financed by the Indian Council of Medical Rescarch and
besides money realized from sales, adverusements, etc, recenes an annul grant
of Rs 12,500 per year for ats publication only.

1t has a world wide arrculation and has a speaial place among the malaina
publicavons  There are at present 7o foragn and 98 Induan subscnbers  Be-
sdes 114 coptes 1ssued in exchange, 112 copies are distnbuted fice to_enunent
workers and mstitutions both 1 India and 1broad A large number of journals
ofinternational repute are recened 1n exchange of this journal, which considerably
augment the resources of the hibrary at the Malana Insttute of Indr

Wuth the formatien of Maliar Surey of Tndia 1a 1627, t was felt necessany

10 dig out the old reports and articles relating to malana all over the country

Some of these were ncluded 1n provinaal publications and many were sull 1n

the MS form In the course of a three month ‘mur throughout India, Sinton
P PR vaw e o -

. L Indan 1929  In the second number, mny

) hich hiad 1ppearcd dunng previous years but
were no longer avatlable for generl use, were repnnt

There have been outstanding contnbutions by workers in India, nz,
milanain Sind by Sinton, Covell, and Baily, treatment with cinchona alkalowds
and what mat == e fmto - oM 0w ! T

contributions ¢ " " !

Bumaud, Cove  # v LR

Tyengar, Muirhead-Thomson, Pal and others, monkey malina and extenswe

e et v PR ar "vats, Jaswant Singh,
. . ' - Wats, Paul Russell,

, . . and others, malana
and 1s engineenng aspects by Jaswant Smgh, Henderson and others, studics on
Plasmodiim berghet by Ramakrshuan, Satyv Pribask, Krshnaswam and colleagues,
progress of antimilant operations in Dellu bn_ Covell Afndi and Juwant Singh,
in Bomby by Viswanathan, Ramichandra Rao wd colleagues, i Mysore by
Sucet, R and athers, on B N Railway by Semor White and co-warkers
The sudy of malina and as vectors 1 Barneo by McArthur and Colless,
studies on the bionomies of { aguasehs and 1ts refstion to milim in Briush West
Indies by Semor White, malant in Formosa by Watson and colleagues, are some
of the ather notable contnbutions  Besides, special ssues have been pubilished
from ume to ume on Paludnne, Insectiades, Pynmethamne, \Malantin Ceylon,
and a wntten symposium on Plasmod um bergha in which workers from all over the
wotld pariapated
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The louma\ has been one of the most ymportant organs of the Bast (perhaps
the only ©°¢ of 118 Jand) for making K own the trend of malana ¥es€ i\

e arch @
contro has wned to b€ 1n the fulflmen f two O mam fu ons of the
Malal Tnstit of India BN To pub\\sh ntifi results,  bultetms,
etc”, @ « o heep 2 snterest 11 \¢ study 4 preventt 4 to see
at such 1% rest, whereve! present, Xl nd assste f India B
aunch th t prog! jana controh t ause the
Mal {nsutute © ndia B atamed 2 © nupuous v ydeas O
malan? prcva\cnce and 15 effects o the econo™’ of the cov nd m s the

ntry, &
Indrant Fourna of ‘Malariolog) has P! ayed 2 very rorainent part Tt has kept up s
d rough Maw hazards ¥

standard throu! had to face dunng the war Y'
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shoutd also wident ts scope 2% welcome 1% 1ts foid Vi tnable know\:dg ou!
other arthro! d-borne d thus chang® 1ts D& y oblem
wch will hav 1o be <o dered 11 the near fut
s penod of 25 f great t y ontributor
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230 Some Lacune n our Knowledge of the Malana Parasite

DO ALL THE HUMAN MALARJIA PARASITES BELONG TO
ONE GENUS?

As discussed by Chustophers and Sinton (1g38), Grasst and Feletti in 1890
divided the malarta parasites mto two genera—first, Hemameba to include the

v ’ ' >

mere differences 1n the form of the gametocytes was sufficient to Justify the erection
of two separate genera  He grouped all these parasites in the genus Plasmodium
Marchafava  This ruling has been followed by most workers from that time

Since the discovery of the exo erythrocytic cycle of schizogony 1n malana
parasites, this problem needs reconsideration  The latest classification of ths
type of schizogony, as given by the World Health Orgamzation’s Drafting
Commttee on “ Malania Termunology ** (Covell, Russell and Swellengrebel,
1953), shows that of the human species of Plasmodum ss as quite different from
that of Laceranta

Now that the exoerythrocytic cycles of schizogony has been found to differ
greatly mn these two groups, does not this suggest that the classification given by
Grassi and Feletti 15 jusufied® Should the genus Laverama be offically recogmzed
as the cotrect name for such parasites as Plasmodum falaparam [vel L malane
(Laveran)]

IS THE MALARIA PARASITE INSIDE OR OUTSIDE THE
ERYTHROCYTE?

Laveran n s onginal description of the malana parasites believed these
to be extraglobular Most of the other older wrters lhke Marchiafava and
Bignarm (1894) asserted that they were within the red blood cells Mannaberg
(1894), however, thought that the joung rings of the astivo alitumnal parasites
were outside the erythrocyte

Maurer (1902), 1 lis paper on the stippling of red cells mfected with
plasmodta, came to the conclusion that the large and small nng forms of the
permcious parasite remaned extracellular while they were in the penipheral blood
At the stage of development, however, when they disappeared into the internal
organs, they entered the red cells

The description given by Schaudinn (1go2)} of the entry of the sporozeite
and the merozoite 1nto the erythrocyte seemed to settle therr intracellular posttion
defintely Rowley-Lawson (1g14,1918) again raised the question and produced
evidence which cast doubt on the above finding

The question was re opened by Sinton (1922) He powted out that, on
account of the very thin flattened shape of the erythrocyte, 1t was impossible by
microscopical examination to ascertain whether the parasite lay 1n or on the cell
(Plate VI, Fig 1 and 8) He subjected the mfested cells to hypertornic and
hypotonic conditions to change their shape from a flat to a globular form 1In
Sfalyparum nfections this caused a great increase i the number of accolé forms



Indian Joumol of Malarlogy, 9, &, December 1933 Pratz V1

(o £ (> v
. - A
=& A D OGO

1 2 4 s L
7
AN o ~o ~
\L‘f, {: f : L\—\ ("\ ‘[f (:} \
& ? 0 1 12 13 "

Padandh ' mw b mafume £ Glasnm
ry 2 - . . .
RS P B

broe 2617 . N o
s 14w . - -
o 2 . . .
t 2 L . "

21

8o rhrrr tn cofratmd b bme Vo ole s s d P e



230 Some Lacun® . our FKnowledge of the Malene Parasite

DO ALL THE HUMAN ’IALAR&A PARASITES BELONG T0

As duscussed BY Christophers and Snton (193! 8), G 18
dwnded the malana P parasites s nto WO gcm:m—ﬁm Htmam¢b mc\ude the
uartan a0 erugn tertan arasiies; and secon® Laterama {0V snclude ¥ hosc parasies

9 comp! on
mere aifferences ¥ he form of the gametocytes was suffiacnt 10 yustafy the erectiot
s

€ al asites 10 the Lt
March\a(ava “Fins Tubing has beert followed by most workcxs from that time

he discoV cry ¢ ex0 crythrocyhc of s maland
parasu:s, m\s roblem ™ ceds rez:ons\dcraho Th \at st c\ ssxf\c:m n o( s
1ype of h\zogon af g ven P! Wo orid Health O ganzatt on’ Drafung
Commuttee on Malart Tcrmmo\ogy (Cove ell, Russell :md Sw \lengrcbc\,
1053) ows that of the hu n spec’ of Plasmodum g5 as qut & different rom

Now tha! exoerythr? ocytic €Y cles of sch zog ny has s bee (ou nd to duffer
grc:n\y sn thes¢ two groups: oes not this suggcst thc \as ﬁ n gwver
Grasst a d Felettr 18 385 sufied? Shou\d \hs gen' s Lat nn ﬂ‘ cial \y ccog zed
as the rrect 1AM ¢ for such parastt Pl modiumm fa m et L ™ malani®
(Lav:ran)]

15 THE MALAR!A PAI\AS 1TE INSIDE OR OUTSXDE THE
RYTHR OGYT B’

Laveran 1t n s o™ gma\ descniption of the malana A as s beh eved these

c u ost of thc other older wmcrs ik M arc] hmf and

Pagnamt (1894) asserted that they were wthun the I b\ood cells ‘Man! aberg

(\Bg;), howeven thought that the young T ngs of U h 2stvo autum nal purasncs
er

‘Maurer (1902), m s paper on the supphing of red © cells \nfected with
p\nsmodm, ame 10 the conclusio® that the Yarge a0 sma\\ nng form™s of (hc
AT heral blood

asite TEM2 e e ¢ 9 enp!
At the st of dcvc\opmcm howevers when they d\sappca thc mtema\
ed cell

s
The description gven by S¢! haudmn {19 02) © ntry of the $por rozOMe
and the merozoit® Jnto the © hrocyte d t scn\: thcn' mtmcc\\u\at posiion
defimtely owle on (1914212 )) wsed th d d
vid mch €28 doubt ot e above f\nd\ng
questio’ was 1€ OP! Sinton (1922) 1nted ,
accow thn £ 4 shap! f A eryth yte, it Y mposs\b\e by
m\croscop\ca\ examnation 10 ascert hether the parast 1 the ccll
plate Vi an H he nfest crtomic @ i

1 4 cells
hypo\om conditsions 1o chang® therr shaP® from 2 flat t0 2 g\obu\at form
falapa™ nfections this caused 2 great sncrease 3% ¢he number of accolé forms
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230 Some Lacune w our Knowledge of the Malana Porante

DO ALL THE HUMAN MALARYA PARASITES BELONG TO
ONE GENUS?

As discussed by Christophers and Sinton (1938), Grasst and Feletu in 1890
draded the malana parasites into two genera—first, Hemamebe to include the

Marchiatava  §his Tuling nas been 10llowed Dy most workers rom that ume
Simce the discovery of the exo erythrocytie eycle of schizogony m malana

p this problem needs 1on  The latest clasnification of thu
type of schizogony, as given by the World Health Orgamzaton’s Drafung
Commuttee on *“ Malaria Termunology ” (Covell, Russell’ and Swellengrebe],
1953}, shows that of the human species of Plasmodium 55 as guite different from
that of Lateranta

Now that the exoerythrocytic cycles of schizogony has been found to differ
greatly an these two groups, does not this suggest that the classification given by
Grassy and Feletti 15 justified? Should the genus Lezeranta be officially recognized
as the correct name for such p as Plasmodim fal. [vel L malane
(Laveran}}

1S THE MALARIA PARASITE INSIDE OR OUTSIDE THE
ERYTHROCYTE?

Laveran 1 his ongmnal description of the malana parasites beleved these
10 be extragiobular Most of the other older wnters like Marchiafwa and
Pignam (18q4) asserted that they were wathin the red blood cells  Mannaberg
(1Ba4), however, thought that the young mngs of the astivo abtumnal parasites
were outside the erythrocyte

Maurer {(1902), 1 his paper on the supphng of red cells mfected with
plasmodta, came to the conclusion that the large and small nng forms of the
permcious parante remarmed extracellufar while they were m the penpheral blood
At the stage of develog I when they disappeared inte the internal
organs, they entered the red cells

The descriy given by Schaudinn {1902} of the entry of the sporozoite
and the merozotte into the erythrocyte seemed to settle thew wntracellulr position
definitely  Rowley Lawson (1gc4,19:8} agam rased the questton and produced
evidence which cast doubt on the above finding

The question was re opened by Sinton (1922) He pointed out that, on
account of the very thin flattened shape of the erythrocyte, 3t was impossble by
microscopical examinanon o ascertmn whether the parasite lay m or on the cell
(Plate VI, Fig 1 and 8) He subjected the infested cells to hypertome and
Thypotonic conditions to change ther shape {rom a flat to a globular form  In
Sfaloparum mfections this caused 2 great ncrease m the number of accolé forms
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{Plate VI, Fig 2.7, g-15) While an zazax infections hypotonic condiions caused
many of the parasites to appeat as if attached to the outside of the cell (Plate VI,
Fog 16 and 17) He concluded that * results have been obtamed which 1 am
unable to explan satsfactonily except on the hypothesis that the sub-tertian and
the benugn tertian malanal patasites are, for the most of therr asexual cycle n
the human host, attached to the outer surfaces of the red blood cells”  * These
results are published 1n the hope that renewed interest will be stimulated 1n this
problem and that further wmvesuganons witl be made which will sertle defimtely
the disputed pomt of the relatve postions of the malanal parasite and the red
blood corpusele ™

Tn tus experiments, Sinton (1922) noted the extracellular posiion assumed by
many of the parasstes tn thin films from mrex malara wh‘cn keptin a most chamber
. — Falao Boa % den 3w

Not on' ¢ *eextracellular
{Plate” he apparenlty
unbrok . phenomenon
wust flageltation of

P ruax m 1 motst chamber *

Thomson and Woodcoch (1922) thought that the majonty of rsar parasttes
were 1ntraccllalar, but that some completed their cvele extracellularly The
parasites depicted by them in therr Plate LXIV, Figs 38-32, are very similar to
those praduced by hyp d It 1s posstble that slow drywmg m a
manst atmosphere before fixaton may have been the cause of these appearances

Schuffner and de Graaf (1937) also noted that quartan parasites freed
themselves from their host cells i1n mowt preparations

Sections of infected blood were made by Sinton (1922) and these appeared
0 support the extracellular theery  Ratchffe (1927 1928), however, did a much
larger senes of 1 exp and luded that the parasites were
fracellular A cntical study of the latier work showy that hus sections were ap
thick  As the thickness of the erythrocyte 13 about 2 56 at the penipheryt and only
156 at the centre red cells Iying on the flat in sections would give the same
appearance as thess cells i thin films 1e, satracellular 1t must also be
remembered that blood cefis placed 10 a flud fivatne usnally become distorted—
globular, cupthaped or wregular  So m sections any parasites lving 1 such
cupped cells would appear to be intracellular §

Inthe gs = ~f = <+ ™ T T v B
the outline of t
of the ol was .
posion of Yhe -

#Stute and Maryon (195)) while th s paper was bring prepared have talled atient on 10 theae _tree
Paras tes i tmowt flms and consider that this  fuggests thas the paraute 13 on and not in the red vefl*
£T0 the abetract of § nton 1 paper i the Tropical D seasrs Bulletin the tesiewer makes great play of (b
fact that the raeasuremens /o was printod a3 nwa | The author was not ctspons ble for T4 printer s errar,
wh ch 'was not 1 the or g nal manusermpt ’
15 nve the pbove wey wetsen, Fotton and Tlewans (%) Tt xoed e electron m crrs
0024 03 & thuck of ved cells parssstized with £ dergher and P Knowle & Thry eoneiuds that - all the comence
%0 far obta ned by the methods employed md cats that the two parastes studhed e with the tod (o1} ¢
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Erythrocytes carrying muluple infections, even as many as six, are not rare
mn severe malignant tertian tnfections (Plate VI,, Fig 24) On the other hand,
1t 15 very rare to find even double infections with mature parasites of ths spcuc;
apart from any question of triple or quadruple ones  What happens to the other
parastes?  Are they swept off the outude of the host cell and pensh, or do
they then acquire fresh host cells as suggested by Rowley Lawson (1914,1918)?
It may be, of course, that so heavily burdened erythrocytes never emerge agam
mto the peripheral blood from the internal organs, so escaping detection

While the extracellular position of the parasites may help to explan some
problems, yet 1t 1s difficult to understand the position of mature parasies m
double infections such as were mistaken by Schaudinn (1go2) for partt
except on the assumption that the parasites are held 1 position by a globular
\’vall (vn{e I:late LXIV|, F'1|gs 44-47 of Thomson and Woodcock, 1922) Tobb

P ovale (Sinton, 1955)

Even as late as 1953, the Drafung Commuttee on ** Malartal Termunology
appointed by the World Health Orgamzation (Covell, Russell and Swellengrebel,
1953) are not agreed in an authontative pronouncement on the matter They
state that *in this report the word ‘1n’ has been used, but the possibihity that
the above (extracellular) theory 1s correct has not been overlooked

From the evidence available 1t 1s seen that the relation of the plasmodium
to 1ts host cell at various stages of its development, still remains doubtful A more
exact knowledge of the physical structure of normal and parasitized erythrocytes
would help to explan the various observations mentioned above A renewed
study of the mugration of P uzat should be made under fresh conditions 1n a moist
chamber on a warm stage or in a hot room

HAVE WE A PROPER PICTURE OF THE CYTOLOGICAL
STRUGCTURE OF THE MALARIA PARASITE?

The earltest work on the structure of the malana parasite was carned out m
fresh preparations Since the advent of the Romanowsky stamns half a century
ago, few other methods of examination of malarial blood have been used

These stans produce a beautiful picture of the plasmodia  They form the
most reliable method of diagnosis  Unfortunately, this method of dry fixation
A, vaumng gues very vaned. tevilts It 1s not, therefore, recognized by most
protozoologists as producing a reliable prcture of the minuter and more complicated
features of the cytological structure of most protozoa* So much use has been
made of this method of stamning that the more reliable cytological method of wet
fixation and 1ron hemotoxylin coloration (Sinton and Mulligan, 1930) has been
neglected We have none of the very careful descriptions of the plasmodia as have
been given by Wenyon and by Dobell in the study of the testinal ameebz

*As Dobell once said— The day 1s now past when one can gonto the field witha bottle of Gicmsa and
hope to raval Schaudinn*  This was also emphasized by an Editorial m the Lancet (1926)
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Until this s done there wall sull remain many of the doubtful questions such
as those detailed below It 15 suggested that, on account of its slow growth and
the presence of all stages of s sch cycle in the peripheral blood, P mu
would form a most switable subject for a study of thus nature

WHAT 1S THE NATURE OF THE VACUOLE SEEN IN THE RING FORMS OF THE
MALARIA PARASITES”

Grassi and Felett1 (18g0) describe the vacuole as a large clear bladder-hke
nucleus with a delicate, often invisible, nuclear membrane and a nucleclus {the
chromattn) ™ b ’ " ’
by such older .
until the stud
that the vacuole was formed nside the nng gf protoplasm to gwekthe young parasites

o ot Qnmn > o RS GarY- & S

PSRN

C “w ey e v suL Cuse B statte—
““The nature (1 e, whether nuclear or nutntive) of the * vacuole * seen 1n the ring
forms 1s sull uncertain, so that provisionally the best term appears to be vacuole ™
(Covell, Russell and Swellengrebel, 1953) *

Not all modern malaralogists appear to be m doubt as to the nature of the
vacuole  For example, Le Dantec (1924) and many other workers describe the
nucleus as vesicular with a karyosome, Boyd (1935) speaks of the nucleus of
P prax as round or oval with a hmting membrane, within which 1s a karyosome
formed of one or an aggl 1on of many ck granules, and Thomson
(1932) stated that the nuclear structure of a falaperum gametocyte 1s a definite
vesicular one

While there 15 htte doubt that the ‘ vacuole® with 1ts chromatin mass 1s a
definite vesicular nucleus, further work with more precise cytological methods 15
needed to confirm this A few tnals made on P 1vax  with the 1ron hemotoxyln
method of Sinton and Mulhgan (1930), gave results which made the vacuole
rcsembl:c very closely the imax type of vesicular nucleus seen with some 1ntestinal
amee!

The absence of a vacuole 1s usually given as one of the diagnostic characters
of the early stages of gametocyte growth A careful study of these forms shows
that the vacuole 15 still there but that the chromatin is evenly scattered through it,
so obscuning 1ts usual empty bladder like appearance

N Thel chromatin has a very close connection with the vacuole In P i
with 1ts slow rate of growth this 15 very well seen at all stages (pde Sinton, 1
Plates I and 1) © 85 (e Smcon, 1034,

*Ewing in 1898 and later Rowley Lawson cons dered the vacuole as a small port; f
surrounded by two preudapodia coalescung at thexr ends portion of the eryhrocyte
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WHAT ARE THE CYTOLOGICAL CHANGES WHICH OCCUR WHEN THE MALARIA
PARASITE SEGMENTS?

Few workers appear to have studied the details of the schizogony of plasmodia
using well d cytological hods  Schaud (1go2) described a sort
of prinmtive mitosis n the asexual forms of P uigr In the same parasite,
Ivamic (1937) described a form of promitosis going on to true mtosss 1n the later
stages of schizogonous divison  More recently Wolcott (1g54) has studied the
nuclear structure and divisson of P mwex  He says that he never found the vesicular
nucleus and karyosome reported by Ivanic (1937) However, he describes a
mitotic stage 1 the cycle of schizogony with two chromosomes and a well marked
achromatic spindle  He used wet films stained with Giemsa, so his observatons
require confirmation by more precise cytological methods

Here agawn the slow rate of growth of Pt and the abundance of all stages
m the penpheral blood, should make this species an admurable one for the study
of nuclear division  The early stages of chromatin division and their relation to
the vacuole are shown 1n Plate VI, Fig 25-28 At this stage of schizogony the
findings suggest simple hinsary fisston of a vesicular nucleus

IS MULTIPLE INFESTATION OF ERYTHROCYTES IN MALIGNANT TERTIAN
INFECTIONS DUE TO PREMATURE DIVISION OF YOUNG SGHIZONTS?

In very severe wnfection of faloiparum malana, 1t 1s not uncommon to find
some red cells infested with many parasites, even as many as six per cell (Plate VI,
Fig 24)

Some workers suggest that this 1s due to bimary fission of the young schizonts
and not to the attack of the cell by several merozoites (Alessandnnt, 1933)

Schuffner and de Graaf (1937) have discussed this hypothesis and come to
the conclusion that this multiplicity of infestation was due to the greater attraction
afforded by certain erythrocytes to the young parasites  Hingst (1934 1938),
however, attnibutes such multiple infections as due to amutotic division of young
schizonts already infesting the cell srather than to multiple 1nvasion of single
merozoites

DOES THE METHOD OF PREPARATION CHANGE THE MORPHOLOGICAL
CHARACTERS OF THE PARASITE?

Sinton (1955) has discussed the causation of * banded ® forms 1n infections
wath P malane and P mw  He has produced reasons to support the view that
these are not found # zwe, but are distortions produced by the method of
preparation of the thin film  They give ndications of the physical condition of
the parasite at the ttme that the film was made They are valuable aids in
diagnosis  Sumlarly with P lenue the charactenstic forms seen appear to be

roduced 1n a similar manner (Callanan, 1926) They indicate a spectal physical
state of the plasmodium at the tme  This shows a tertian penodicity



J A Sinton 235

WHAT 1S THE NATURE OF THE CHANGES IN THE ERYTHROCYTES
INFESTED BY MALARIA PARASITES?

WHAT CAUSES THE CHANGES IN THE SIZE AND SHAPE OF INFESTED ERYTHROCYTES?

The enlargement of the nfested red cell 1n twax mfections 15 well known

On the other hand, the @stivo autumnal parasite in 1ts later stages 1s found more

commonly with a smaller cell, which may show marked colour changes when

examined m the fresh  We have still to discover the different causations of these

changes
The oval and fimbnated erythrocytes, which are seen 1n thin films of the
T h P otale and P knouless, are often of
.) has d d the probabl

120 but are produced mechanically

dunng the preparation of thin filtms which dry very quackly, they indicate a special
physical character of the cells

WHAT IS THE CAUSE OF THE DIFFERENT TYPES OF “ STIPPLING ” SEEN IN
ERYTHROCYTES INFESTED BY T SPECIES OF PL »

Schuffner (18g9) was the first to describe these changes He considered that
the Schuffner’s dots of zwax infections were due to degenerate particles 1n the
stroma of the infested red cells

These changes were examuined m some detal by Maurer (1go1,1902), who
gave the same reason as Schuffner for the suppling seen m zuzex infections  In
the case of the * red-coloured dots, httle nings and hines > with the Laverania spectes
{Maurer’s dots), he concludes that these were due to  changes or losses of substance
on the upper surface of the erythrocytes, which are the result of the attacks made
by the parasite in order to adhere to 1ts host cell and to obtain nourishment
The numbers are said to mcrease with the size of the parasite and are not stationary
a3 with moaer stipphng

Billat fraral casmn ta bhn  hod ¢ha amma dana b 2 AL o /o 3
agree
mechan
the tr .
pseudopodia to some of these spots, which he believes are either a secretion of the
parasite or a little of 1ts own substance  The number of the dots 1s thought to be
a function of the ameboid actvity of the parasite species

The exact nature of these markings 15 still 1n doubt In addition to the
"o e - ’ - es described
wia  These
bodies and
a dark red deposit around segmenting forms 1s reported and discussed by Sinton
and Mulligan (19336), Smnton (1934), and Mulligan (1935) 1n all three species
of oniental simian plasmodia  Malamos (1934) found 2 capsule with P rirax,
P orals and P knowles  Garnham (1931) and Thomson (1933) invesugated
tes of P falap

curious bodtes seen 1n red cells with




236 Some Lacune 1 our Knowledge of the Malana Parasite

Stppling and sumilar changes have been seen i mfections with most kinds
of malana nfection * The demonstration of these markings depends very largely
upon the type and m‘!?nsnty of t‘he stam used  The use of alkaline distilled water,

' ' b

In the same category of changes comes the “ capsule * which 15 sometimes
so conspicuous around deeply stained crescents Ths 1s discussed by Garoham
(1931,1933) and Thomson and Robertson (1932) Warast (1932) thinks that the
parasite 15 covered by two membranes, first the periplast of the red cell and second
the penplast of the parasite  Between these two 15 the hzmoglobm, and as the
parasite grows, this disappears and  the two membranes fuse together to form a
capsule  Apart from this, Mannaberg (1894) states that m fresh preparations a
perfectly recogmsable double capsule 15 seen

Many of the appearances seen support the 1dea of Schuffner (18qg) that the
ongm of Schuffner’s dots 1 different from Maurer's ones  The latter look as of
they were produced directly by the parastte and were not merely due to degenerative
changes 1n the erythrocyte

ARE MORE THAN ONE SPECIES OF PARASITE INCLUDED
UNDER THE NAME OF “ PLASMODIUM FALCIPARUM?

Even from the earliest days of the separation of the crescent-forming parasites
from the quartan and tertian ones, there has been doubt as to how many species
of parasite were included 1n the former category These were first dvaded by
the supposed periodicity of therr febrile paroxysms * Later morphological differences
were described as well as vanations n their febnle reactions, i the effects of
treatment, and wn thewr susceptibthties to nfecting the same nsect host

WHAT 1§ THE DURATION OF THE ERYTHROCYTIC CYGLE OF SCHIZOGONY OF THE
ZSTIVO AUTUMNAL MALARIA PARASTTES?

The earlier workers on the malana parasites, such as Marchiafava, Bignamu
and Grass1 considered that there were two linds of astivo autumnal parasttes—
a tertian one and a quotidian Mannaberg (18g4) divided them mto a tertran
and two quotihans Even as late as 1914, Manson following the last worker
grouped them as (a) Subtertian due to Laverama malante (syn P jalosparum),
(5) Pigmented quotidian due to P precox, and (¢) unpigmented quondian due
to L immaculata

The fever curve m these ifections 15 very often remattent, ot intermittent,
so that they may appear to have a quotidian pertodicaty In recent years all
these forms have been grouped as “ malignant ferfian ”, and the absence of tertian
febrile penodicity explained as due to the schizogony of all the parasites not being
simultaneous but distnibuted over several hours  Why such an abnormal schizogony

+The dots seen in quartan malana are often called Ziemann s but Seyfarth (1924) mentions them as
Brugs
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should occur 1n this species of malaria parasite and not i the other three infecting
man, seems curious, unless this 1s another difference possessed by the genus Laveranta
as compared with the genus Plasmodum
Even although the term ‘ malignant tertian’ 1§ now used hy most Enghsh
writers, there stll seems to be great doubt as to the duration of the cycle of
erythrocytic schizogony ~ Vartous authors give this as 24 28 hours, 36-40 houhxs
e e B P . h s

be

The prolongation of the febrle paroxysm in these supposedly tertian
mfections could be accounted for by a double infection, such as gives nse to
quotidian peniodicity in some izt infections It 1s possible, however, that the
older workers were correct, and that a true quotidian species occurs as in the case
of P knowless 1n sinuan malaria Indeed, Craig (rgog,rg2i) has reported such
a parasite, which he named P falaparum quotidianum  Row (1917) also describes
and pictures the parasites seen in 2 culture of ‘quondian malana’ (Lateranta
pracox)

One needs more careful study along the lines used by Sinton (1934) and
Mulligan (1935) to determine the duration of the cycles in _the species of monkey
malana  Sinton (1g22) using this method showed that P fenve had a defimte
tertian periodicity  Cultural methods might also be useful The stramns used
would be more “easily studied under conditions of malama therapy Tt 1s
suggested that possibly strains from the North-West of Indra should be compared
with those from the Eastern parts, and Afrtcan ones with Italan

From this 1t 1s seen that the question still remains unsolved as to whether
all “malignant tertian * parasites have a true tertian periodicity, 1€, are only
one species.,

CAN SEVERAL SPECIES OF ZSTIVO-AUTUMNAL MALARIA PARASITES BE SEPARATED
BY THEIR MORPHOLOGICAL CHARAGTERS?

While the older writers separated their different species of the Laterama

saeu.

The sinking of all these crescent forming plasmodia 1n one species—P. falcr
parum (P. precox, P tmmaculatum)—seemed to settle the question, but 1 more recent
years many workers have doubted the umty of this species For example, Ross
(1911) was sull mnchined to believe that there are two or three spectes in this
group, O Gorman-Lalor (1913) reported the unusual morphology of such parasttes
m a blackwater-fever area m_India, Marchoux (rg22) points out differences
between African, Itahan and Macedoman forms, Schuffner and Hylkema (1g22)
reported what they thought was a special form dunng an epidemic at Belwan 1n

umatra, many other workers are also doubtful
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The Amernican worher, Craig (1909,1921) describes what he constders to be
a new vanety of P falsparum which he has named P falesparum quohidionum

Grave doubt has been cast by many workers on the unicity of the Itahan
and the Afncan forms of P falesparum  Ziemann (1915) thought that the form
found 1n the Cameroons, West Africa, was so different from the Itahan form that
he named st P permcrosum, and has since described 1t 1n companson with other
forms of P faloiparum (Ziemann, 1938)

James and Kauntze (1930) considered that the malignant tertian parasite
seen by them mn East Africa differed from the classical description of P falaparum
Many Itahan workers noted differences between the Italian parasite and some found
i Abyssma  The latter parasite has been named by Giovannola (1938) as
P falaparum ethioproum

A cunous type of P falaparum was found by Marzinowsky (rg16) 1n South
Russia, which showed segmenting forms in the peripheral blood  Thus he named
P caucasicum *

The species most mn dispute has been P tenue, described by Stephens (1914)
from spectmens recetved from the old Central Provinces in India, and later from
West Africa (Stephens, 1915)

Sinton (1922) carefully examned five cases from Nagpur Jail, and was
convinced that this was a separate spectes of malignant tertian parasite  Since
then other data have been collected to support thts conclusion

In the Indian sub continent there seem to be at least two morphological
species of Laerama—(t) the ordinary classical form, only seen with small nngs
the peripheral blood (except in pernicious cases), occurring commonly in the
north western parts of the country, and {2} the large-ninged form (small rings may
sometimes be detected 1n the very early stages) common in the eastern and
southern parts of the country It'1s the latter parante which shows a * tenue
stage + Every year blood filins taken from cases in the latter parts of Indta, were
given to the post graduate students in our Annual Malana Class  Students from
the northwestern areas almost invanably diagnosed these mubially as P‘ nrax,

extreme ranfy there, while they are relatively common in those from some ot the
eastern parts of this sub contment (Sinton, 1927}

Apart from the * tenue * stage with 1ts terttan penodicity, the parasite 1s seen
for 2.langer tme 0 the peripheral blood, even as late as 36th hour of ats cycle, and
the rings are much larger than the cl 1 P falesp e pig:

< In the w nter of 1934-3% some shdes were sent me from Gilgit m Kashmir showing parasites reseobling

those described by Marzinawsky (1916)  Unfortunately the specimens were mssla d before a full myestigation
could be made

. o« whalay rad charactenstic of thit parasite

. . the method of prepar

« parasite at 6ne stage

cen found mn the cycie

an carlier pomt 313

cycle
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seen 1n the largest rings 1s finer, more scattered and lighter 1n colour than the
coarser dark brown or jet-black masses seen 1n P falsparum at a similar stage
‘The golden yellow colour of this pigment was well seen 1n the only mature
schizont (Plate VI, Fig 23) observed in Sinton’s cases, and which contained eight
merozottes {(¢f Marchoux, 1926) The Maurer’s dots scen 1n the classical P
falaparum are usually described as irregular in shape and few i number, and as
often bemng difficult to demonstrate  In P fenus they stan more easily, and are
more numerous, rounded, linear and coccord 1n shape (Plate VI, Fig 22)

These forms have been reported by workers 1n many other tropical countres,
for example Hucks and Bowden (1924) and Darling (1925) in the United States,
Perekropoff (1917) 1t Russia, Sergent ¢ al (1913) and Vialatte (1922) 1 North
Africa, and Jerace (1932) in Italy, among a host of others I have received
beautrful shdes of this form sent by Dr G Fraser from Assam and Dr K L
Rustomjee from Ceylon Russell (1928) gmves a carcful review of the literature
up to that date

Te the emall rine fasm that af avane af con am T and pe Jame oo T~ [

and Mulligan (19334,19335) were unable i the cases of P knoulesz and P gynomolg:
to find that such conditions caused any morphological changes i the character
of these parasites

In spite of the evid produced, the latest auth e says—
“p ;mue Stephens, 1914, 15 no longer accepted as a distinct spectes ”” (Govell ef al ,
1953

If P tenue be accepted as a true species what 13 1ts proper specific name?
The parasite 13 probably the same as one of those ongmally described as either
P precox or P tmmaculatum  As pomnted out by Chnstophers and Sinton (1938)
both these names are invalid as having first been used to designate avian parasites
Sumilarly, the speafic name fenue 15 also mvahd, because a few months before
Stephens (1914) used 1t, a parasite of the Peling mightingale had been named
Hemameba lfemus by Laveran and Marullax (1914) Ziemann (1915), m his
discussion of the human parasites, names 1t i his description of the figures given
on s plate—* Plasmodwm kharlunense (From Khartoum) Synonym Plasmodum
ienue Stephens

ARE THERE CLINICALLY DIFFERENT STRAINS ® OF THE ESTIVO AUTUMNAL PARASITE *

Apart from the question of the penodicity of the febnle paroxysms, other
distinet chimical dsfferences have been reported between °malignant tertian
infections 1n various parts of the world

When James (1932) compared the Rome strain of P faliparum with an
Indian one, he found that 1t needed almost ten times the dosage of quinine to
control the former nfection, which was, however, easily affected by atebnn  In
the Panama, very heavy doses of qutmne, as compared with European practice,
are required to reduce pyrexia  Fairley (x946) has reported that almost double
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the normal dosage of atebrin was necessary to suppress some falesparum ifections
m the Attepe-Wewak area of New Guinea ~ Other workers tn describing their new
spectes have noted climical differences

O’Gorman Lalor (1913) and Hassal-Wnght (1g920) drew attention to
unusual forms of the parasite found mn blackwater-fever areas of India  Sinton
(1927) remarked upon the sumilanty of the recorded distribution of P fenuz and the
same syndrome Cort (1929) noted a special form of subtertian paraste 1n
association with hemoglot ks -

a relationship between P \

in drawing attention to th

text book descriptions, conclude that “ the subject certainly ments careful enquiry
n Kenya and Uganda, particularly in districts where blackwater fever occurs

FAILURE TO INFECT SOME ANOPHELINES WITH FOREIGN STRAINS OF P FALCIPARUM

James, Nicol and Shute (1932) found great difficulty in getting any infections
m A maculipennis var atroparius with Indian stramns of P faleparum as compared
with the Rome one, although clinically the latter was more pathogenic to man
This was confirmed by Shute (1940) with other stratns of tropical ongin

Raffacle and Lega (1937) remark upon the difficulty of infecting 4 maculspennis
with therr new varety, ]2 falewparum aethiwoproum  Simlar  results with  both
P falaparum and P 11vax bave been recorded 1 Amenca

As we do not know what are the factors which govern the susceptitbility of
mosquitoes to any malanal infection, 1t 15 not possible to decide whether these
failures are due to something 1 the insect or something 1 the parasite, either of a
stram or a speafic character

WHAT IS THE FATE OF THE SPO!‘{OZOITES IN THE INSECT
HOST

Ross (1go5) 1n describing his original discovery said—* I saw the thread like
bodies, although apparently without motion themselves, were soon scattered by the
insect’s circulation all through 1ts body *.  This passive distribution was also noted
by Grasst and Schaudinn  Muhlens (1921, 1931) showed that the sporozoites could
be found 1 the muscles and even m the legs and 1n the appendages of the head

The concentration of these forms n the salivary glands 1s great, but 1t 1s
uncertain whether this 1s due to chemuotaxis or purcly a matter of chance
(Schaudinn ,1g02) It 1s easy to und d how the sp in the sahvary
glands are got nd of n the acts of biting, but the fate of the others 1s still uncertain

In the early stages of the infection, at least, 1f a prece of a segment of a leg
ts severed from an mfective living mnsect and the flud expressed from 1t, this 1s
found to contain large numbers of sporozoites  What 1s the ulumate fate of these?
Are they infective? Do they form a reservoir from which the supply 1n the glands
15 replenushed as these become depleted by biting®  How long can they be detected
and are the msects still infective after they disappear from the appendages?
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Schuffner, Korteweg and Swellengrebel (1g2g) found that in the autumn
the bites of one or two mosquitoes failed to cause malana n the usual ncubation
period, but infection appeared after eight to mine months  The impression formed
by me while working 1n the Malana Laboratory at Horton was that, with the
Roumaman strain of P vnay, these prolonged incubations occurred more often
when the sporozoites had been present for several weeks 1n the insect host  Were
these latent infections caused by sporozoites which had been a long tume 1n other
parts of the msect’s body? Did this give nse to senility of these parasites or was
1t merely a smaller dose of nfection that was injected?

WHY ARE SOME SPECIES OF ANOPHELINES SUSCEPTIBLE TO
HUMAN MALARIAL INFECTIONS WHILE OTHERS ARE NOT?

It 15 well known that the gametocytes of all the human species of Plasmodmm
will become gametes and conjugate to form zygotes, when taken into the stomach
of even culicine mosquitoes ~ These zygotes never develop further 1n culicines and
only . certain species of anophelires  As mentioned above the zygotes of some
strains of parasite may behave 1n a refractory manner in anophelines which are
normally susceptible to such nfection of other stramns

Why this occurs has never been determmed Is 1t due to some factor
the 1nsect or some 1n the parasite? The best researches on the subject have been
those of Huff (1934), but even these have failed to give a satisfactory explanation

MISCELLANEOUS QUESTIONS

(1) WHAT IS THE MALARIA ‘ TOXIN’ AND WHAT IS THE GCAUSE OF THE MALARIA
PAROXYSM?

Is there no true malana toxin® s the paroxysm due to a condition of
anaphylactord shock caused by the discharge mto the blood stream of particles of
pigment, remains of parasttized blood cells, and pieces of parasite at the moment
of schizogony (Sinton ef al, 1928)?

(1) CAN DIFFERENT IMMUNOLOGICAL STRAINS OF PARASITE BE DIFFERENTIATED BY
DERMAL OR BY SEROLOGICAL TESTS?

Sinton and Mulhgan ( 1932 ) showed that an antigen prepared from an
almost pure suspension of P nowless produced a marked dermal reaction with
ammals infected with a similar parasite ~ Could this method be used to differentiate
the different strains of this paraste?

Before 1t became possible to 1solate large quantities of parasite substance
(Sinton and Mulhgan, 1932), many expentments were made to perfect a comple-
ment fixation test Could a better anugen now be produced which would gne a
differential dhagnosss, between the speties or even the strams of monkey malana ®

Several precipitin tests have been tried for malanal infection  The results
m these appear to depend merely upon therr effects upon the increased globulin
content of the blood, and as such are poor diagnostically
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(1) WHAT IS THE NATURE OF THE ANTIBODIES IN MALARIA?

From a study of malarial immunty 1t 15 evident that two factors are involved—
an antt parasttic one and an anti toxic one (Sinton 193g) The former acts by
a destruction of the parasites and the latter by neutralizing their effects

Is the anti parasitic one a lysin which renders the parasites more readily
destroyed by the macrophages or 1s 1t an opsomn whick causes the macrophages
to attack the parasites with greater avidity?

While we have no mformation as to the nature of the antr toxic one, we can
only consider 1ts results

Does 1t pass through the placenta and so cause a passive rmmumty n the
feetus or does the latter produce 1ts own antibodies under the stimulation of
malarial ‘ toxin® entering 1ts crreulation from the blood of its mother (Stton
19394)® Can acquired maternal immumty be transmitted through her milk?

(tv) WHAT 15 THE ORIGIN OF THE GAMETOCYTES?

Are these denved from special exoerythrocytic merozostes or from the blood
ones? Probably at least from the latter, as they occur after blood 1noculations

At what stage of ther development do these forms take on their sexual
character, or are they so ab wmtio? Do they have an intracellular position as
compared with asexual forms, and 1if so would this determine therr fate? Does
the environment 1 which they develop have any effect upon therr fate, 1¢, do
the special conditions of the spleen and bone marrow have any action in determmng
their development into sexual forms?

(v) WHAT SPECIES OF PLASMODIUM OCCUR IN THE LOWER MONKEYS OF AFRICA?

Sinton and Mulligan (19322 1933), Mulligan (1935) and Sinton (r934)
made a careful study of the malana parasites of the lower monkeys of the Old
World

Those from Astan countries were found to be infected with at least three
distinct species—(a) P knowless Smton and Mulhgan, 1932, having a 24 hour
cycle of schizogony 1n the erythrocytes (5) P cynomolgs Mayer, 1907, with a 48 hour
cycle, and (¢) P 1wt Halberstadter and Prowazek, 1907, with a 72 hour cycle
Among the lower Afncan monkeys, P gondert Smton and Mulligan, 1932 (vel
P kich: Gonder and Berenberg Gossler, 1908) and P kock: Laveran, 1899, with
vaneties were descibed  The latter parasite has since been found not to be a
Plasmodum but to belong to the genus Hepatocyshs

Except for the careful studies made by Gonder and Berenberg Gossler (1908),
Berenberg Gossler (1gog) and Gonder and Rodenwaldt (1910), the plasmodial
parasites of the lower African monkeys seem to have had little attention Is P
gonders 1dentical with P eynomolgr®  How many Aftican species are there?
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SUMMARY
It 1s pointed out that there are many lved probl mn our k ledg
of malaria parasites and these are discussed
1 Should genus Laveramia be again separated from the genus Plasmodum?
2 Is the malana parasite inside or outside the host erythrocyte?

Have we a proper picture of the cytological structure of the malana
parasite®

{a) What 15 the nature of the * vacuole *?

(5) What cytological changes occur when the parasite segments?®

(¢) Are multiple mfections of the red cells due to stmple bimary fission
and not to 1vasion by multiple parasttes?®

(d) Is the morphological appearance of the parasite 1n thm films influenced
by the method of preparation?

4 What 1s the nature of the changes 1n parasitized erythrocytes”
5 Does the present species * P falesparum® contan more than one species?®
{¢) What 13 the duration of the cycle of schizogony?
{8) Can several spectes be separated by their morphology?
(¢) Do the infections caused by these species vary chimcally?
(4) Do they vary mn therr ability to infect anophelines?
6 What 1s the fate of the sporozoites in the nsect host?

7 Why are some species of anophelines susceptible to malanal infection
while others are not ?
8  Miscellaneous questions
(a) Is there a malana *toun’?
{8} Can different ! 1 strams be sep d by lab Y tests?
{¢) What ss the nature of the ‘ antibodies’ 1n malana ?
{(d) What 15 the ongin of the gametocytes?
¢) What species of Plasmodium occur 1n the lower monkeys of Afnica?
P
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SOME EVOLUTIONARY POSSIBILITIES IN THE HISTORY
OF THE MALARIA PARASITES

BY
REGINALD D MANWELL
(Depastment of Zeology, Syracuse Uncersity, Syracuse, New York)
[July 28 1955 ]

THEe problem of the evolunon of the malaria parasites 1s, In the nature of
things, one which can never be wholly solved but 11s very difficulty makes 1t the
more challenging to the medical men and to the biologist It 1s a question which
has puzzled malanologists almost ever since the causative orgamsms of malana
were discovered, some 75 years ago, and perhaps we are even now not much nearer
a solution  Yet so much mew hght has been shed on what may be called the
natural history of malaria in the past decade or two, that it 1s worthwhile taking
a new look at the problem

Involved, of course, are not only the parasites themselves, but their hosts,

both vertebrate and invertebrate stay
when biological relationships are ree
of kinship of existng species of 7 to

tell us Uittle of what we mught call the third dimension of the problem, or time
And the ancestral relationships are those 1n which are we most mterested From
what did the malana parasites evolve? What may have been their earlier hosts?
What light, 1f any, can be thrown on the evolutionary development of the complex
hfe cycle of this genus of parasttes?

The best evidence for the evolutionary history of any lwing thing s un-
doubtedly that afforded by fossils, but fossif malana parasites are, of course,
non-existent, as indeed are fossil remarns of most other parasitic orgamsms  Yet
fosstl Foraminifera are known from Cambrian times (some 500 mullion years ago),
and Radiolana may be even older, having been reported from rocks of
pre-Cambrian age  (Chapman, 1902, Pirsson and Schuchert, 1924, Glaessner,
1945) Both groups of Protozoa are free hving, and both are almost exclusively
marmne, and their antiquity 1s therefore, only of 1nterest here because 1t shows the
great age of the phylum, but 1t suggests that the parasitic protozoa may also have
had a very long evolutionary lustory

(247)
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Indeed, 1t may safely be assumed that there were protozoa of at least the
two orders just mentioned long before the oldest of these fossils were laid down,
for the morphology of many of the latter 1s much like that of contemporary forms,
and 1t 1s, therefore, probable that their hfe-lustories were also smilar  Since the
Lfe-cycles of the relatively few of these orgamsms which have been thoroughly
studied are plex, including the prod of gametes and fertthzation evolutton
must have already gone a very long way even 1n pre-Cambrnan umes It seems
Likely that Dife-cycles as complex as those exhibited by such parasites as the malana
plasmodia were even then commenplace

Additional evidence that this was probably the case 15 furmshed by the
~o Afface T alom o rncke afth e ana Alom ara slovely related to the plant
mular Ife cycles, also
tes are also known
perhaps 140,000,000
yedrs ago  LAuopuutd QUi wputuiua atc uastdwh tu we fossil state, although
since some of the former have skeletons or tests 1t 15 not impossible that such
remains may eventually be found
Of course, one must suppose that free living orgamsms antedated those of
parasiic habit, anc LI fes
Living ancestors
Sandon (1932‘) rer
i

some or previously d to nounshing themselves alter
the manner of plants, began to eat the bodies (either hving or dead) of ther
neighbours ”  Some parasitic protozoa are perhaps, even now, not far removed

from that stage, since they closely resemble free-living species  But the Sporozoa,

all of which are parasites, resemble no free living protozoa known to day, and as

the great protozoologist, Gary N Calkins, used to say in his lectures many years

ago, they represent a group the members of which are so different that 1t 15 often

1mpossible even to suppose any mutual relationship  Thus,however ancient some

of the free-living protozoa may be, we have no dxrectL e\cldence beanng on the
- - o —

o Favet ae o 1o

The malana p are classified as H: pondia, subclass of the
Telosporihia _'This subelass contains two families which are certainly very closely
retated the T and the P dz, to the second of Winch biiong

the malana parasxtés Both families are large as far as the number of s€eme! 15
concerned, but small 1 the number of genera contamned There are at least 5o
T d spectes of Plasmodmm, the only genus of the Plasmodude, and probably
many more species of Leusocytozoon and Haemoprateus (the two genera compnsing
the Hemoproteida)

The second order in the class Hzmospondia contains only the single fanuly
Babesude, together with two genera of doubtful status Dactylosoma and Tovoplasma*

* According to the classification of Hall {1903)
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The Babesias are parasites of red cells, and superficially resemble the malana
pl dia, but although they are pletely known, the two orders do not
appear to be closcly related ~Both vectors and hfe-cycles differ considerably

1t has long been thought that the malarta parasites may have ongmated from
the cocaadia gr(f,sm\ (1899) seems to have been the first fo pownt ths out, and
the view was supported by Schaudinn (1899), and later by Retchenow (1912)
Wenyon (1926) spoke of the affimties existing between cocaidia and the
hemosponidia, from the first of which the second group “ may be supposed to
have evolved *

The evidence for the belief that the malana plasmodia (and presumably also
therr close relatves, the genera Hemoproteus and Leucocylozoon) arose from the
coccidia, lies tn the close similanty of thetr Iife cycles  All of these orgamsms
are typucally cell parasites, and all exhibit sexual stages  The cocadia are generally
parasttes of the mtestinal epithehum, 1 the cells of which they undergo a number
of asexual generations, culminating 1n the production of gametes  After fertiliza-
tion, the zygote develops mto a resistant oocyst, contaning sporocysts which 1n
turn contain sp ‘These the 1nfe stages, and imtiate a
new infection after ingestton by a fresh bost  There 1s no vector (but sometimes an
alternation of hosts), and hence resistant stages are generally necessary for survival
without the host

The Lfe cycles of the malana parasites are obviously very similar to this
pattern, the chief differences being the addition of a second host which, 1n all species
where the life-histories have been ph studied, 1s a i} and the lack
of a resistant oocyst stage  The fact that the p reside n the erythrocy
of the vertebrate host, rather than in the mtestinal epithelium, seems of much
less sigmficance than 1t did before the exoerythrocytic stages of the cycle were
discovered two decades ago

The chief controversy revolves around the question of whether the ancestral
orgamisms from which the Plasmodnde evolved were parasites of invertebrates,
and therefore presumably of biting flies (such as q hippot Stmul
and others), or of the vertebrates  And 1f 1t 15 conceded that this farmly may first
have been parasites of vertebrates, were their hosts in the beginning perhaps repules,
since 1t was from the latter class that both birds and mammals evolved ?

Thaea mrahlamg ava nllal o sstabaeal o L . —o n 1

do not occur 1 1nsect hosts

The fact that most coccrdia are parasites of the gut suggests that they were
ongmally acquired as the result of ingesting food or water contaminated with
them  Of course, the forms from which they evolved must once have been free-
hving, although 1t1s at least conceivable that they may have parasitized invertebrates
before becoming adapted to life 1 veretbrate hosts, and that the latter were first
infected byingesting the former  Inany case, 1t seems probable that these ancestors
of the cocaidia of vertebrates had already developed a hughly complex Lfe-cycle,
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Just as those protozoa we know as fossils must have done  Doubtless cysts, the
production of which often climaxes a penod of asexual reproducton and may
also volve a sexual cyele, were the nfective stage  Certamly a good deal of
adaptation must have been required for Iife within a living host, but protozoan
cysts have often been observed to survive passage through the intestine and some
free-ving species may even persist there for a limted time

Huff (1938, 1945) has urged the pomt of view that the malana plasmodia
and their close relatives were at first parasites of insects, and became secondanly
adapted to Ife 1n vertebrates after their msect hosts developed the blood sucking
habit  The fact that these parasites do not seem to be pathogenuc ta their vectors
favours this theory, and yet, as Ball (1943) has rather convincingly mantaned
there are too many exceptions to the rule that the degree of pathogematy s
nversely related to the duration of association between host and parasite to make
this type of evidence more than doubtfully suggestive

Huff also emphasizes the fact that the ife cycles of the Hzmoprotede and
Plasmodude are more similar as far as the mnsect host 15 concerned than for the
vertebrate host  Thus 1s true (although we still know little or nothing of the hfc
histories of many species), but 1t 15 worth pomting out that the newer knowledge
of the vertebrate poruons of these life cycles makes them seem ever more altke

The known insect hosts of the Hemop: d= and Pl dudze 1nclude
hippoboscid  flies  (Hemop ), Stmul (Leucocytozoon), and  mosquitoes
(Plasmodium)  The first of these vector groups is only distantly related to the last
two, and 1t may (as Huff concedes) suggest—despite the undoubted simlanty of the
insect portions of the hfe cycles of all three genera of blood parasites—that this
portion of the cycle developed later than that in the vertebrate host

But, 1 any case, the inscct vertebrate type of hife cycle charactertsuic of

- Frw= b ! olved before the ancestors of the present
That this dictary requirement may
the fact that 1t 15, even today, restricted
to females  As for the 2] of mosqs fficiently Iike those of today to
be recogmzable as such they are known from Eocene times, some 6o mlhon years
ago A fossil form, believed to be a male quito (note the pl ) )
found by the wniter i the famous Oligocene shales of Flonssant, Colorado 1s shown
in Plate VII, Fig 1 Mosquitoes are, of course older than this, and doubtless this
1s also truc of other blood sucking Diptera  Diptera as a group appeared as early
as the middle Jurassic, but they were at first restrcted to midges and cranefly like
forms (Carpenter, 1953) The oldest hnown fossil nsects (notably the extinct
Palzod pf nd cocl hes) were extant in the later Carbomferous perod,
which 13 believed to have been about 250 milhon years ago It 15 worth noting
that 1nsect evolution had gone a long way even then, and 1t 1s very likely that
1nsects were already well supplied with protozoan and other parasites

The classes of vertebrates to which the known natural hosts of the malana
plasmodia_belong include, as perhaps we should expect, all those of terrestnal
habitat * But suscepuble host species are not evenly distnbuted among these classes,

#Malaria paras tes have also been reported from the bull frog by Fantham Porter and Ruchardson
(1942) but nothing elsc 15 known about them
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nor are such species relatively numerous  Most of the known reptilian host species
of plasmodia are hzards, and the majonty of avian hosts are passerines  There 15
much more variety among the malan ptible spectes of 1

The stnking parallelism between the reptilian and avian species of Plasmodium
has often been noted  Together these speaies constitute almost two-thirds of the
recogmzed species of the genus  Unfortunately very httle 15 yet known about the
life cycles of the malana parasites of reptiles, but the resemblances in morphology
of the avtan and repulian types paint to a close relationship It may be that such
similanties are to be explamned as due to parallel evolution, but 1t seems more
likely to be the result of relanvely slow evolutionary change on the part of the
paranites since the ongnal separation of avian and reptilian stocks, even though
bird and lizard lines of descent must have diverged at a very early penod

The relatively small number of malana susceptible species among the
mammals, and their spotty \; lopes, water buffalo, rodents,
primates, bats, to mentionthe more important) seems to suggest that malana among
them was a kind of after-thought on the part of nature Perhaps the greater
pathogenicity of some of the l1an species of Plasmodium pomnts to the same
conclusion

Another fact which may support the belief that malana was onginally a
disease of reptiles, and then also of bivds, 1s the very common occurrence of the two

closely related genera® of blood pi Hemop and Leucocytoz among
birds and, 1n the case of the former, among reptiles also  As with the avian malanas,
fe of H. and L tozoon seem usually to affect the host very lutle,

a fact which seems to indicate a very long period of host parasite association
Sull another fact which 15 1n accord with the possible earher occurrence of
i DY TR - e

notremes,

. reas birds

- . - . {Romer,
- N Diptera,

and, especially, the blood sucking types now serving as vectors of malinal and
malara related parasites  (But 1t must be remembered that the vectors of the great
majonty of species of Plasmodium are sull unknown, and there 13 no certainty
that all arc mosquitoes It 1s also true that the vectors of most species of
Hzmoproteus and Leucocytozoon still remain to be discovered)

The occurrence among the cocadia of genera such as Shellackia and
Lark lla (fammly Lank hdz), 1 which a hfe-cycle not unbike that of the
Hemosponda occurs, has often been regarded as supporting the theory that
parasites of this group onginated in Vertebrate rather than invertebrate hosts
Perhaps this 1s best regarded as sumply the result of parallel evolution, but 1t
certainly indicates that the onginal hosts of parautes such as these need not have
been insects, for here the cycle involves 1n the one case (Shellacksz) hizards and mates,

*Thete are gho eertain hematozos of mamem 1 wh b o o .
that they were for a fong time put into the gent .
monkeys and certa n s m Jar paranites of bats .
[rehses be regarded as the mammalian analogs . .
lont 1917, Garnham 1949 By Manwell, Wiy,
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and m the other frogs and leeches The nature of the cells parasiized n the
vertebrate hosts also certainly suggests that the cacadian ancestors of the Hamo-
sponidia may have developed along simlar lines, for Skellackia multiplies 1n the
intestinal epithelum of lizards, the sporozottes later entering erythrocytes, and
Lankesterella reproduces in the endothehum of the capillanes of the frog, with
subsequent sporazotte invasion of the red cells The tissue stages may be regarded
as corresponding to the reproductive stages of Hemaproteus and Leucocytozoon 1n
the vertebrate, and to the exoerythrocytic forms 1n malana

In the light of the occurrence of life cycles such as these among certamn of
the cocc‘xdxa, 1t 15 rather tempung to think of Hemoproteus as perhaps the oldest

(lippoboscids), presumably mdicating a long period of evolution on their part,
pomts to ahke conclusion

Leucocytozoon may have onginated later, and still seems to be confined to

- - d cells
would

Lattle can be said as to the possible or probable mutual relationships of the
different species of Plasmodium The life cycles of all, as far as 1s known, are
simlar, and follow a pattern sumlar to that in the genus Hemoproteus and
Leucocytazoon It mught be thought that these avian and reptthan’ spectes of
Plasmodwum which most closely resemble one another arose the one from the other
This may, of course, have been the case, but parallel evolution may also have
occurred It 1s possible to divide species of the genus according to whether the
gametocytes are elongate, or round or rregular, and according to the nature of

ot "hne, the types are Plasmodium gallinaceum

. i of reptiles exhibits both kinds of

. . and Huff, 1g44) On the whole,

although such ch 1stics afford bases for classifi so little 1s

yet known about the cycles of most species of Plasmodium (and this 1s equally true

of spectes of Hemoproteus and Leucocytozoon) that 1t does not now seem worthwhile
10 try to work out the detailed relationships of any of these parasites

Falls ¢ al (1901) and Gook (1951) have shown that Leucagytazoon stmondt may mvade erytbrocytes
the wrater has also observed this 1n other species occasionally
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SUMMARY.

The problem of the cvolution of the malana parasites and ther close
relatives 2mong the Hemosponidia 15 considered, and 1t 1s suggested that they may
well have ansen from cocaidia of vertebrates rather than from those of nsects, as
has been more ly supposed. This possibility 1s with, or 1s
supported by, various facts of palzontology and of host-parasite relationships  But
too httle 15 known about the hfe-cycles and physiology of many species of the
Haxmospordza to give anything like a final answer to the problem of their evolution.
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ABSENCE OF CROSS-IMMUNITY BETWEEN PLASMODIUM
CYNOMOLGI AND PLASMODIUM GONDERI.

BY
P C C GARNHAM
AND
R S BRAY
(London School of Hygiene and Tropical Medicine )
(July 1 185)

THREE species of tnax hke malana parasites are known to occur 1n lower
monkeys Plasmodium cynomolgr (Mayer, 1907) 1n onental macaques (chiefly from
Malaya), P gondenn (Rodhain and van den Berghe, 1936) 1n African mangabeys
(chiefly from Belgian Congo) and P stmwm (Fonseca, 1951) 1n Brazihan spder
monkeys  All three species are much alike they exhibit a tertian penodicity 1n
the blood, cause enlargement of the crythrocyte accompamed by Schuffner’s

stppling, and morphologically resemble P tizax in the asexual and sexual stages
Wgen Sinton and Mulhgan (1933) tred to d le the muddled

- var gonden

and they

Rodhain

. o ts cycle

the b]ooé occupied 48 hours and that 1t could, therefore, hardly be called & sub-

never been 1solated, {rom the descniptions given by Fonseca (1951), this South
Amencan representative of simian bemgn tertan malana parasite has no features
disinguishing 1t from other members of the group

Strams of malana p behave d fy in therr reactions
Avian species as a whole have a wide spectrum of 1mmuntty, the larger species

(255)



256 Absence of Crw‘[mmmzz,ty Betwee, p, Cynomolgi gpy P, gonder;,

elaf, 19551, S0-calleq Stramng of p, Slaparyy, and 2, vy are 5o dfferen; (immyne.
logically " any 0 other Ways) that they Sometimps Tecejve subuspecific namey,
Rodham 1954) has recently yseq the absence of Cross.pp, unity between & borgl
and 2. uphyy as confirmation that they Fepresent distinet Species,

We fele that 5 would pe useful ¢o discover 5¢ cross-immumty tests vy}
8ive a clye ¢ the g eOfic stayg of p, S70molei and B 0ondery, We Possessed ;

gxghly MiMune 1 ¢, lbrmcr, and thyg had 5 googd Opportunity

of CAITYIng out the Tequisite Expenmengs

IMMUNIZATION Qor MONKEYS.

Four Macacq mulatty (Numbers 81, gg, ¥01, 109) were imrnuniz:.-d agatnst
P, 9momolgr* by blood ang Sporozotte Infections gy showy sy, Table 1.

Dace of gy Superinection wp p omommogy
infecton \\\
with st Date op [ o | Subsequent
P oymomotg, Mifection super / Super. course of
mfection infection infection

/3053

24853 | pr

28/7/54 Sporozotes
2255 Blhed

i
14/5753 Bloog.
ey pyod f
28(7fag Sporozorey
2255 Blood f
2512/2> 1 Sporozoge ,
1551 pooy

353 ) Bloag ;
BABL 5500 e
/ Blaog

May 29, 1951 sParozmnu

e
TS e Sy, “““./

99 Apri} 25 1952 Sporoumlcs

101 July 23, 1952 Blood

20255

/5457 !l;)lood
23, 1952 24/8/57 ood
92 Juiy 2y 23;7/54 ! SPorozoste
272755 ! Blood
* Shortened wlection t Tranuitory nfection INho nfecuon visshle

noted that wher, bloog Contamning p, Onomolgs 45 1aculatey e
€ to this specyes, usually no vmb)g . folloyg 3 paragiges

It wall be .
s
scanty and persysg for a [ 7+ SPorozoiee fectiong

monkeys immun,
appear, they are very
are no more effectn e,

7t R
*Stram orgmally came from ghe ofIng the Rodm‘eller Pmu.danon,
New York

Y
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RESULTS OF INOCULATING PLASMODIUM GONDERI* INTO MONKEYS
IMMUNIZED AGAINST PLASAMODIUM CYNOMOLGI

Fifteen mis of blood were withdrawn from a rhesus monkey which had a
chromec infection of P gonders  The blood was aitrated and was divided 1nto five
equal portions, each contaimng about 250 0oo p These were lated
mto four immune monkeys (Table I} and into one control (M 152) The
course of the ensuing infections was studied 1n daily blood films, and the density
of parasitzmea 13 shown 1n Table II Unfortunately, the control monkey died
after 11 days, but the normal course of this infection 1n M mulatta 1s sufficiently
well known for us to be able to predict what would have happened 1n the control
monkey had 1t hved, that 8 to say—a chromc infection would have developed
and persisted for years

Taste II

Course of parasitemia of P gonden: tn cynomolg: tmmune monkeys
Number of parasstes per 10,000 erythrocytes

Monkey number
Days afier
infection T
Control 152 81 93 101 102
1 —ve ‘ ve —ve 1 Ve —ve
2 ve +ve —ve —ve —~ve
3 Hve | v ve +ve —ve
4 dve [ Fve +ve +ve —ve
5 [ 1 1 —ve —ve
' I T T -
ve ve
8 45 43 15 * .tw
5 116 87 37 2 t
10 °74 327 100 8 4
i1 Ded 441 7 24 10
12 | 3 68 2
i H al 56 124
2 34
it 2 s i ]
18 16 13 9 105
17 36 11 18 35
18 43 7 o1 5
1 kil 2 25 1
21 60 4 -
29 47 3 g g
3 23 2 © 13
21 1 1 [ a5
i 18 3 15 28
2 17 1 23 52
28 1 ve 31 24
29 1 +ve ‘ 23 34
30 17 v 18 23
3 51 +ve | 1 38

*Strain obtaned from the School of Tropical Med cine, Antwerp
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cross immunity between two orgamsms must mean the possesston of a common
antigen, its absence the lack of one g a fund: ! diffe which
may be speafic 1n character The absence of cross immumty alone would have
Iittle diagnostic value, but when assocrated wath other evrdence mught provide
useful confirmation of the status of a parasite  Our expenments suggest that there
18 no cross tmmunity between P cynomolgr and P gondenn 1 rhesus monkeys
confirming that they are two distinct species  Table IIT presents the characters
which may be used to differentiate these two species

Taste IIT
Dyffe L ch of PI d g1 and P dium gonden
Character ‘ P oymomolgy ‘ P gonder
Orgn East Ind es { West Afr ca
Host
{Vertebrate  nature} AMacaca wrus Cercocebus spp
Host
(Insect laboratory} A macul penmisexcellent | A mo ul perms poor
Course of infect on High chron ¢
i thesus Self lm tng paras tem a
T me of rupture of sch zonts Ea ly morn ng Late afternoon
Cross mmun ty N N
Lffect on erythroeyte D st net enfargement Sl ght enlargement
Double chroma n 10 per cent in young
dots T ngy Ra ¢ or absent
Numer of merozo tes 154 12

Both species have a 48 hour blood cycle produce Schuffners dots show
double 1nvasion of red blood cells exhibit ndistinguishable gametocytes and have
sporozoites of equal length (115 ¢ dned)

SUMMARY

t Monkeys immunized agamnst P ¢ynomolgs are susceptible to P gondens

2 A monkey cured of a long standing infection of P gonders proved to be
susceptible to P ¢ynomolg

Thas absence of cross plus other evid that the two

speaies are distinct from each other, though both belong to the ¢
Ratmal i > thoug] clong to the * bemgn tertian
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A NEW APPROACH TO THE EPIDEMIOLOGY OF MALARIA
BY
G MACDONALD, cMG,MD, FRCP,DPH, DTM

(Durector, Ross Institute of Tropuwal Hygiene, London)

( September 5 19 5 )

Oux knowledge of the eprdemiology of malarta owes mote to workers 1n
India than 1n any other country of the world It was first advanced by Dempster
{1848) who blished the general 1in which malana occurred,
the means by which 1t could be accurately measured and some of the means by
which 1t could be prevented The transnusston of the disease by mosquitoes, the
differing vectonial capacity of anopheline species the causauon and nature of
epidemics and the nature of hyperendemic malania were all described 1n India
as the highlights of a mass of work which has no comparison elsewhere  Before
1929 thts was distnbuted 1n a number of journals but since then has been for the
most part collected tn one seres which 1s worthy of the work which 1t records

The author owes much to the example of workers on malana in India, to
the expenence he has had there ar'
n India with that elsewhere The
understanding  Types of malana

Ta -

o Tadl A a1

Ve
19504 §, 19522 & 1953 1955) which though essenuially sumple {n themselves are
partly watten m a ); f: ost malariolog f math

The obyect of the present paper s to translate much of this working_ attempting to
cxpose the methods of work used and show how the products of mathematical

amilysis can be used to elaborite understanding of the normal eprdemiology of
malana 1n the field

(261)



The State of Parasiter, 1S an ntermytren, one Varying 1, lengty with
chamctensnm of the Paragige and ¢, enmmumly of the ndividyg) Concerneq Proper
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1 n e um
falczpamm Infection may rypxcally be Patent o about 200 to 250 days whalst
83Metocypes Mmay he Present on about g, dayg !bllowmg 2 Single infection On
cach of these days ¢he Patient may he bitten’p, Vector M0squItges let us say in
1Hustrauon by aboyt 0 and ifp, Infectigy \o stablished ¢ Proceeds ¢,
Clion of SPOrozosteg T
f

Xt comes yp, 0 of how

te other People shoylg 1t ha Chough for
of SPorozortes A 1t depengs on the Mmortality’ Which the .
©Xposed anq 13 xHustrzncd n Figy €3 the €Xample chosen witha 14 p: ccn[
mortality 1, SXpectation of such Ife would be about ter, days The nym er ol

long the Mosquite may he EXpected ¢
ve lived J the dcvc]opmcnt
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Fic 2 The effect of mosquite mortality on survival through 1l e exmnsic cycle

people whom the mosquito will brte dunng that period depends on 1ts biting habit,
under tropical conditions the majonty of anophehnes take a blood meal once 1n
every two days but their habut of selection of man or other ammal vanes very
greatly In some, for nstance A gambie, the meal 1s almost invanably on man,
in others, the meal 1s rarely on man 1if other foods are available In the example
used for illustration 1t may be taken thatit feeds normally on man and once n

every two days, = ds after
the development - 1 which
1t thus transfers of the
mndwidual, but eriod

which can be taken as ten days, and 1n the case of falitparum nfections by a further
ten days before gametocytes appear and the case becomes infective to mosquitoes

CONCEPTS

In the example chosen the indwidual was bitten on each of 8o mghts by
ten mosquitoes of which g0 per cent survived for the development of sparozoutes,
and each of which took five subsequent feeds There 15 a potental infection of
as many as 1,200 people from the ongmal  This introduces the idea of a
‘r_cprcducuon rate, the number of secondary cases which potentially could be mfected

cventualyy restrain it In the case of wnsect borne diseases there are two brakes,
one 15 the existence of previous mfections 1n the mdwiduals who recene infects e
ites, so that the subscquent bites are non effectne and do not actuatly produce
new cases of the disease  The other brakets the occurrence of supeninfection 1n
the mosquito, which may have a previous nfection so that a second mfection does
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not matenially increase 15 infecuvity  These factors together reduce the gross
reproduction rate to a net one which may be much lower Should ths fall below
one, successive generations of cases will he smaller than their predecessors and the
disease will disappear, should 1t be greater than one, successive generattons will
Increase and the disease will mount n the population  Obviously the objectve
of all control 15 to keep the reproduction rate below one so that successive geners
tions decrease 1n size and the disease disappears Since in the last resort when
1t 15 1n process of disappearing, the gross and net reproduction rates are the same
1t can be said from the start that the objective 1s to reduce the gross reproduction
rate below one

The 1dea of a critical level 15 also ntroduced here It 1s not necessary to
elimunate transmussion complctcly 1 order to get disappearance of the disease but
only to reduce 1t below some sigmificant leve), after which the disease wil) decrease
indefinitely  This 15 a most Important concept in general epidemiology and
particularly 1n that of malana, and explams the occurrence in some pasts of the
world of anophelism withont malana, the Irinsmssion being at such 2 low rate
that the disease automatically extinguishes ttsell

INTERACTION OF FACTORS

Fundamental eprdemiology considers this cycle of transmission 1n vanous
stages 'The sporozoite Tate depends on the number of gametocyte carners i the
population, on the peniod of the extnnsic cycle and on the mortality rate of the
mosquitoes In amanner illustratedn Figure4 Themortalitysshereput asasurvival
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rate, 0 g5 meaming that g5 per cent survive through one day  The graphs have
Laad 2200 0 LA A :

-, e e S Pt v Gl U e IOSGUILY DI 3N actually
wfectne persan on any pnmcurar day, for i these conditions m Afnca the
prevalence of infectis ¢ people 1sreduced By the occurrence of wnmunty  In parts
of India where malana 1s transmutted by A aulmifacies very much lower sporpzoie
rates of the otder of 0 1 per cent are often recorded In an extensive sertes of
sun¢ys made by Russell and his co-workers in Madras st was 0 ofiy per cent; this
was attnbutable to a 22 5 per cent daily mortahity of the mosquite which took
only, on the average, t out of 40 of 1ts feeds on man, an extange cycle for P, eeras
of about mine days, and a gametocyte rate in the population of about 13 per cent.
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Har -~ ' 1t 1 [
the next .
moculatic
m nfants
of fects

each case the curve mounts to a plateau  'Where the moculation rate 15 lower than
the recovery rate this plateau 15 below the level of 100 per cent infectians I
other cases the parasite rate mses raprdly to 200 per cent and subsequently
remamns at that level, the majonty of mdiiduals actually suffening from two or
more concurrent infections  This theoretiwal graph can be and has been checked
agamst sumlar curves observed among infants in nature  The cunes fit with
extraordinary accuracy m a large number of cases, which establishes the general
veracity of thewr shape and derivation There are however, a number of cass
3n hyperendemc parts of Afitca where the moculation rate denved from tus form
of working 13 very much less than that derved by entomologists examuung the
numbers of mosquitoes and ther sporozotte rates, and 1t s thought that the
explanation lies Jargely m the very low grade wfe of the 3 t
on low gametocyte counts m the population which 1s nghly mamumazed
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In nature the parasite and sporozoite rates are dependent on each other
An ncrease 1 the paranite rate i the sp rate, which
wn turn mereases the parante rate, and so on ad whmtem uoul the brakes on
mutuphcation the eccurrence of supermfectton mn man and the mosquuto, bring
increase to an end  The next process i analysis 18 to examine the form of
happenings when both the parante rate and the sporozoite rate are allowed tw0
vary 1n 2 manner dependent upon each other  Assumung for the sake of ilustration
that there has been some mild malara m a community and thus a reservor from
which the disease can arse, and that tr 1s abruptly d, analysis
prod the form of epid curve which would result It has a cunious form
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starting with an onginal abrupt step, followed by a pause, and after a lag by a
second more rounded curve.

Epidemics 1n nature are almost always mixed ones of P. ywax and P. faluparum,

am A ehm fane alat mmatnn te meansan 1o -l = 5P, progy alters the uming

together form a combined

. compared with actual

,lon eprdemucs of 1934/35,
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Time i woeks
Ho & Two synthctic epidemic curves buslt on identical data except for differences in
imcubation mterval and extunue development, corresponding to those of
P swav and P folcrparem

and i most subsequent ones, ont can trace the same general form.  All natural
eprdemics do in fact consist of two separate curves as has been shown, and the
occurrence of a very abrupt start, the preluninary appearance of P, rrrax and the
B e o = ted features.
. - - *s of Ceylon
. multiplica-

tion of mosquitoes necessary to produce such a catastrophe.

Epidernic cunves reflect the admission of new cases but there are two factors
new cases and the parasie rate  The lattes mounts from the start of the epidenic
1o achieve a platean, whnch may be 100 per cent of the populanion or less  In
analysis 1t 1s represented by a theoretical formula which cannot be directly cheched
in nature, because when this steady stage 1s reached immunity sets in, alters the
value of one of the factors involved—the duration of the disease—and 1nvahdates
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direct companson  The expression nught, therefore, remamn one of theoretical
academic 1nterest except that 1t can be used in subsequent examunation of the
stability of equilibrium, a very important concept which may be illustrated by a
mechanical analogy no engine however well governed runs perpetually at the same
speed, some ncrease of the load on 1t produces some siight decrease i speed
though this may later be adjusted by the governing mechamsm  Now unagine
two engmes one of which 15 fitted with a reasonably efficient governor which
maintains 1t running at roughly the same speed whatever the load that may be put
upon 1t, and another which has an extremely inefficient governor so that with
vanation of ~T * !
gences from
unstable
to the effic
T - oo - ' ysthesame The
ons would fall en
the charactensties

overlap of infections 1n the mosquito and the more efficient the governing
mechanism, resulting 1n a much more stable eprdermological condition wath less
tendency to vary from the mean It 15 1n exactly this charactenstic of degree of
’ v - ' ' %om each other
rulanty, and 1
ar o o » R variation over
several years However, 1 other places and notably 1n northern India, parts of
Pakistan and 1n Ceylon, the vanations from year to year are eXtreme In some
there 1s a periodic varation with a cycle of about eight years, but apart from this
good and bad years follow each other in an irregular manner Exammnation of
the vectors of malana shows that these two types do in fact depend on the longevity
and the biting habit of the mosquito as theory had indicated they would

EPIDEMIOLOGICAL TYPES

By this route the concept of two quite different types of malana, stable and
unstable, 15 introduced  The first 1s caused by transmussion by 2 mosquito which
feeds often on man and has good prospects of bfe  The critical level 1s extremely
Jow and 1 consequence anophelism without malana 1s extremely rare The
drsease shows httle tendency to fluctuate from ts normal, and epiderucs amongst
the mdigenous 1nhabitants are rare  In consequence of the regular transmission
of the disease immumty 15 fairly readily estabhshed amongst the local population,
adults often show a firm resistance to 1t, and the disease 15 very difficult to control
by antt larval measures and relatively difficult by imagicidal measures  On the

T = tabla wnlacia caaced by transmisainn by a short lived vector

ithout

very

greatly from year to year, sometimes with dramatic epidemics of extreme seventy
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as those 1n Ceylon and the Pumjab The irregulanty of transmusston and the
occurrence of consecutive years when 1t happens only on a small scale, results 1n
a poor sumulus to the develp: of a firm 1n a popul

These processes can show what 15 happening m epidemnology and why 1t
15 happening, why malara 1s so vastly difterent 1m, for rstance, central Aftica
where 1t 15 of the extreme stable type, and m Ceylon and the plans of India
where 1t 15 of the extremely unstable type, one can 1n fact map out in the world
zones where the epidemiclogical types differ  In northern Europe, for mnstance,
malaria was relatively unstable, and 1s i fact in process of natural control by
deviation of anophelines from man, whereas n southern Europe 1t 15 of the
extremely stable type and d unch d until the develop of 1mag:-
adal control 1 recent years

CONTROL

‘The object of all control 1s to reduce the reproduction rdte below one
Without suggesting that the rate should be accurately calculated 1n every region,
one should at least form a concept of the nature of the reproduction rates and the
degree of reduction necessary to establish control of the disease Theorencal
examsnation can show the changes m the dulxsuly of ?E‘:Phd‘“cs' n ther dasly
- TN S A — "

and longewity of the local vector, from them to determune the actual amount of
transmussion and the potential amount should the entire population be non-immune,
1n the form of the basic reproduction rate, from these, estimates must be made of
the changes 1n conditions necessary for control It 13 then for the executive to
determine how these changes can best be produced, though in most cases 3t will
be by the use of residual d The deter of the actual hity
achieved by the use of particular insecticides in the field, using experimental trap
huts, when related to estimates of the mortality necessary can, undoubtedly, avord
wastage

Though the immediate attack should usually be through mnsecucides, their
P B Ve -

- . .
. . . , .

“ spontancous * regressions have occurred in places where the local mosguito 13
readily deviated from man to cattle, and 1t seems probable that the regression follows
some sight change i agncultural pattern which has led to the more ready
availability of ammal food  There are large areas 1n India where even before the
apphcation of the modern methods of control, malana was absent despite the
presence of some vector mosquitoes, and there are other considerable areas where
the disease has shown itself to be evanescent, coming and going 1n an srregular
way following minor changesin the environment  This indicates that overery large
tracts indeed the basic reproduction rate was naturally near ats entical level



270 A New Approach to the Epidemiology of Malana.

of one, and the amount of change needed to bring 1t permanently below that level
would be small  Any deviation of the mosqutto from man to antmal must actin
this direction and the influence of such deviation 15 very marked The most
teresting eprdemiological study 1n India therefore lies in those areas of anophelsm
without malana, and should concern itself with the precise reasons why malama is
absent, and the levels of mosquito prevalence, longevity and anthropophilism which
permit the co existence of man and mosquito without the transmussion of the
disease  With the knowledge gamned 1n such studies the present great malana
control programme could rationally go on to one ‘of, elimunation 'throughout

* would
uction
se and

northern America 1s an insurance n those areas
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SOME PROBLEMS ON CHEMOTHERAPY OF MALARIA.
BY

Lieut -Coroner. JASWANT SINGH, M8, che {(Edm }, pru (Eng),
vty & u(London)

{Director, Malana Inststute of India, Delf}

(September 10 1950 )

Wirn the advent of modern synthetic antimalarials, treatment of acute
attacks of malana nowadays presents few difficulties The most powerful of the
sertes (by oral route), as judged by the speed of action n rehieving clinical symptoms
as well as by the clearance of asexual parasites from the penpheral arculauon,
are the drugs ol g-aminoquinoline senes Even in cxtremely severe cases,
P 1 of o preg has been found to be as
effective as quimine though some consider that the former 18 somewhat better,
However, that would need detailed comparauve studies against all the available
stramns of plasmodia before a final conclusion can be drawn

As a blood sch de, nexther | 1 nor pyr h 1s as rapdly
active as the g-aminoquinolines Besides therr comparatively slower action,
v e -

—— 1

Although satisfactory reports on mepacnne have been presented by many workers,
.- N - . 1 that compared to the
and that 1t 13 Iikely to
- 1 though in a very small
percentage of cases  In repeated doses quimne acts almost as fast as mepacrnine

Thus the choice of animalinals for treatment of acute attacks of malana
naturally falls on the 4-amunoquinolines admimstered orally as a single dose
of 06 gm (adult) in parually immune population, 1f the condition 1s not too
senious  Under emergency conditions and 1n cases where the patient 1s unconscious
or 1f there 13 mcessant nausea and vormung, parenteral admuinistration of chioro-

quine or quumne hydrochlontde or dihydrochlonde would obviously be called for,

(271)
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Thus m the discovery of compounds ke the g4-aminoquinolines a stage
has now reached that perhaps further development of 2 more potent and rapidly
effective remedy for clinical ‘cure may not be necessary 1n view of rap:d reduction
of the mcidence of malana on account of large scale control measures

Prima facie st would appear that the main problem 1n the treatment of
malana has practically been solved But on deeper constderation, 1t becomes
evident that there are still many lacune mn our knowledge of the subject For
example, 1t 15 not clear why certamn drugs ltke qumne, mepacnne and the
4 amunoquinolines which are such powerful blood schizonticides, yet have no
effect on the sporozottes or the tissue forms (primary or secondary) of the plasmodia
Again drugs of the 8 aminoquinolines which are tissue schizonticides, particularly
effecttve against the secondary exoerythrocytic forms, have poor action aganst
the asexual erythrocytic forms, specially 1n respect of P Seloparum  Sumilasly,
ex '
orl
bu
plasmodia  Further, 1t 1s also common expertence that some strain of a plasmodium
1s highly susceptible to a particular drug while others are comparatively refractory
and need much larger doses Tt 1s also not clearly known as to why should plasmodia
develop resistance to certatn particular groups of compounds like proguaml of
pynmethamine, and not agamnst drugs lke quinme, mepacrine or the
4 amnoquinolines

Factors like the phases of plasmodium life cycle, somewhat different pattern
1n the hife cycle of P zizax and P malanz as agamnst P falcsparum 1n the human host,
the metabohic processes of plasmodia 1n the tissues like the liver and also i the
blood, the chemical constitution of antimalanals and their effect on plasmodum
metabolism, metabolites of antimalanals, pharmacologieal considerations hke
break down products, absorption and distribution of the drug in the tissues of the
host thereby aiding 1ts penetration, and many other problems of similar nature
have to be carefully considered

As to the Iife cycle of malana parasites, most of the lacunz in oul knowledge
have been filled since the discovery of the tissue phase  Although, 1t 15 the general
opinon that secondary exo erythrocytic forms develop in P wuax and P malane,
there 15 reason to believe that such forms arc absent in P falaparum  As 1o why
such stages are not developed in the £t N
1ssue  Obwviously the behaviounstic
Further, 1t 15 well known that certc
methamine 2nd the 8 aminoquimoles are effective agamst the prumary tissue
phase of this plasmodium but not against the others Stnce the rate of absorption,
distribution, and tssue concentration of the same drug could not be fundamentally
different 1n the same host, 1t 15 difficult to understand as to why there should be
such a marked difference n the of pl dia to these pound
Naturally, therefore, this leads one to speculate that perhaps the metabolic processes
of the pre erythrocytic forms of P falcaparum are different from those 1n respect of
P wwax and P malane  Agam 1t would appear that perhaps ssmilar differences
exist m the metabolic processes 1n the same plasmodium, like P zrzax at the primary
and sccondary exoerythrocytic forms, because 8 aminoguimolines, though actve
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to be an of the sp phase of the pl d yet drugs which
are effective agamnst the tissue phase are totally meffectve aganst the sp

1n spite of the somewhat similar cytological character Smnce 1t 15 believed that
anttmalanals act by interfenng with the enzyme system there 15 reason to believe
that the metabolism of the two stages sporozottes and pre erythrocytic forms are
different  This vanation perhaps depends on the particular environment where
they are usually lodged like the salivary glands or the liver

There 15 also the posstbility of differences in the metabolic processes of tissue
forms and erythrocytic forms firstly because powerful blood schizonticidal drugs
like quintne 4 aminoquinolines etc are neffecuve aganst the tissue forms of
the same plasmodiim and secondly powerful tissue schizontiadal drugs like
8 aminoquinolines are poor blood schizontiades Agun 1t may be noted that
most of the exssting anumalanals which are powerful blood schizontreides are
poor gametocytoadal drugs  On the other hand 8 aminoquinolines which have
powerful gametocytondal action (also tssue schizonticades) are poor blood
schizonticides Could there be m the bolic ¢ even m the
sexual and asexual forms of the same plasmodium? Also could the metabolic
pattern of gametocides and tissue forms of the same plasmodium have some degree
of smilanity ?

As to the metabolic processes of malana parasites and drug action the present
day knowledge 15 lmllctf Although quinine has been known for centuries to
have specific action against malana parasite 1t 1s surprising to note that s yet so
Iittle 18 known as to how it acts  This 1s true for other antimalanials as well ~ The
cathiest workers like Christophers and Fulton (1938) demonstrated that quinime,
mepacnine and pamaquin mnhibit the ovygen consumpuon by the parasites
Mepacrine has been shown to interfere with the respiration of malana parasites
butLq:umnc much less so S"xlverman ¢t al (1944) belteve that quinine aflects the

LG\ RELUIOL L Lot U1 ¢ gatimaceum n tissue culture (lonkin, 19b)
According to Hellerman ¢f a/ (1946) atabnn and quinoline bases are enzyme
miibitors  These are likely to combine with certan acidic groups of the enzymes
1l such groups combine with co-enzymes a competition 1s set up between co-enzyme
and the intubitor  Work and Work (1948) behicve that thus inhubition may not
be specific to one enzyme or class of enzymes  According to them  the danger of
msinterpreung the action of an mhibitor as a result of testing on an nsuflicient
number of enzymes 1s well allustrited tn the case of the antimalanal drugs*

Findlay (1951) observes that quimine mepacnne and pamaquin rmught interfere
with a number of reictions cssentral for the tism of malana
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1n small number of cases.

In ordcr to achieve thls objectve, 1t would be essential to understand clearly
of | 4

the at all the phascs, parucularly the ussuc and
bkxxl forms Oncc the basic of the p are well v o
L
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possess curative action but there are always the toxic hazards encountered, though
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ANOPHELES RESISTANCE IN RELATION TO MALARIA
CONTROL PROGRAMME PLANNING

JOHN M HENDERSON, ce*
(Techmeal Decel Lab ble Dusease Centre, Public

, Ce
Health Service, US Department of Health, Education, and Welfare,
Savannah, Georgta, US 4)

{July 27 185}
INTRODUCTION

THE great expansion 1n malana control activities which has taken place
within the past ten years wath the development of DD T and related residual
nsecticrdes has created many new problems and increased the mmportance of many
old ones In addition to perplexing problems related to the development of
effective and adequate malana control organizations, 13 the problem of resistance
to residual insecticides by anopheline vectors

‘The extent to which these 1ssues can be resolved naturally vanes with the
existing situation 1n each country, including fi 1 e Tabil
of suitably trained professional personnel, ways of thinking, and competing
caugencies  In this connection, the author 1s reminded of his experience of 25
years ago in a State-wide programme of malarra control 1n one of the States of the
United States of Amenca, in which the situation can be summed up by the
following bare facts Area served—58,000 square mles Population served—
three millon  Number of malana cases—50,000 to 100,000  Number of profes-
sional personnel assigned to malana control—one Paradoxically, 1t was not
until malaria had largely ceased to be an important socio-economuc burden that
funds became lable for the devel of d q malana control
orgntzations 1n this and other malarious States of the United States

Under such crcumstances 1t was futle to propose new plans for the
existing malana control “ organtzation ” to carry out, which wnvanably required

1d I tramed p 1 Today, through the world, malana control
progrutTes fvivemeidy wre Sufith sumewirt more adequately, ‘but major shortages
of key personnel are still alt too common  Such shortages understandably impede

the adoption of *ideal” plans based on theoretical concepts, some of which may
be imvolved 1n thus arucle

*rormerly Profess x of San tary Science, Columbia Uninersity Schood of Public Health

(217
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ANOPHELES RESISTANCE

In considening any matter of insect resistance, two governing natural faws
should be recalled to mind ~ One 15 that the development of resistance 15 a produet
of selection pressure, 1ts duration, and the genetic capacity of the species to develop
resstance  The other 15 that, barnng eradication, any species mevitably wil
develop resistance of one type or another, provided the degree and duration of
selection pressure m combmation are suffictent to threaten spectes survivat

‘When one surveys the results of ten years of global application of the chlonmated
residual 1nsecticides for agncultural, public health, and pest control purposes the
comparative lack of confirmed resistance development 1n the field among the
anophelimes 1s httle short of amazing  This 15 especially true of many of the more
anthropophilic anopheline species which, 1n some areas, have been bombarded for
eight years or longer in specific localities with D DT residual house spray
Malana has been eradicated in extensive subnattonal areas where the brotic potential
of the disease was hgh, with and without vector eradication, and has been
controlled 1n other far more extensive areas of high brotic potential ~Malana
eradication also has been realized in other extenstve areas where the disease wat
not so firmly intrenched  In a few special cases where the vector had not achieved
a status of long, indigenous adaptation, species eradication was even achreved a8
a partly unexpected dividend from malana control operations ~ Yet, so far, only
four of about 5o significant anopheline vector spectes are considered to have
acquired physiologic resistance in local or more extensive areas These are
Anophel de 1 Ind A i A sackaror: and A superprctus 1w
Greece, and 4 sacharopt again 1n Lebanon (Pampana, 1954, Garrett-Jones, 1954
and Crandall, 1954 1955) With the exception of Lebanon, physiologic resistanct
development has occurred in the presence of adulticidal treatments cum larviciding
although these selection pressures were not necessanly apphed continuously anc
concurrently Even in Lebanon, the possibility of larval exposure incidental
agricultural insecticiding cannot be ruled out Earher reports of resistance 1o
Anopheles quadnimaculatus 1 the TV A area of the Umted States of Amenca have
not been substantiated (Hawkins and Hall, 1g54) The species 1s under larviadal
treatment 1n this area, but such treatment 1s restricted to federally-owned properties
bordered by private lands

Behaviouristic resistance as a developmental factor cannot be as readily
evaluated nor, as pomted out by others, 15 1t necessanly adverse to man’s mnterest
e A~ nenl hath tn annnhelines which do not normally enter or

+ those possessing hyper-irritability

t1s at times difficult to determine
whether observed behaviounstic resistance was a pre-existing charactenstic of
the donunant population group, of an important biotype fraction which has not
increased 1n prevalence, or whether the resistant biotype has become more prevalent
as a result of the selection process  An le of bel 1stic which
has impeded malana control 15 provided by A sergentt and A superprcius 1 the
Jordan Valley (Fand, 1954) One which has not prevented malara control 15
that of A albumanus 1n Panama (Trapido, 1952 1954).
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Compared with the house fly, this relatinely favourable state of affairs
reflects the lower genctic capaaty of the genus Amopheles to develop resistance,
supplemented 11 some cases by femer generations per year The exposure of a
smaller fraction of the species popul to des 15 an added possibil
The latter factor lughlights the well blished § ple that residual house spray
n malaria control 1s a highly selective tool which 1s intended to intercept only
that fraction of the species population which 1s infective to man

Yet, the importance of anophehne resistance should not be mmmzed It
15 alteady a problem of major importance 1n some of the countnies or local areas 1n

St N ~ i

spread of anophchne resistance, rather than contending with ausdng resistance
problems

Ffforts which are being made, or mught be made, to solve the resistance
problem may be divided 1nto two categones (1) Laboratory studtes, and {2} Field
operations

LABORATORY STUDIES

These consist of (1) Basic physiologic, biochemical, and geneuc studies on

b of r 1n arthropods, particularly anophelines, and the genetic
P by which physiol and beh are developed, and
{2) the devel of new des, formul, and tech of apphca-

the

P q!
tion  The apparent purpose of the basic studies 13 to permit making more intell-
gent searches for new nsecticides and g but the th 1 L
of such research extend further

In combination the present mun hopes of such studies are in the following
directions with the proviso that any insectiaide which satisfies one or more of these
objectives must also be relatively safe to man 1n application and 1n use, and must
be economucal in cost

A Development of an even more effective residual insecticide which will

) ' v - .

[ PSR

. » - s Suaps v
test results of 70 to go per cent tends to be exophulic in resung place m51 rcs';xc;
o human dwelling places, while the multidentate zoophilic race tends to be
endophiie  This hypathests, accordingly, may not apply 1n exceptional cases

B The development of new secicades with diffening penods of resrdual
effectiveness, but which in other respects would have substantially equal ments
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Dafferences undoubtedly exst in the genetic capacities of different Anopheles
spectes to develop resistance, and mn the actual resistance of different species,
biotypes and even individuals However, the main vanables within this genus in
the sclection pressure—d genetic capacity—eq are dered to
be sclection pressure and 1ts duration Certainly this 1s the case when the house
fly 15 used as a plane of reference  Were 1t not so early, extremely high resistance
would have appeared many years ago 1n those of the more anthropophilic species
which also had genetic potentialities matenally higher than the mean level for the
genus

While the degree of selection pressure exerted 15 very smportantly affected
by behaviour of the adult anopheline, 1t 15 otherwise a controllable tanable
Duration of pressure 1s totally controllable aside from the inherent characienstics
of the 1nsecticide employed Even these characteristics can be modified by varying
application rates and practices

The present mamn trend of thought 1n certain malriologieal circles 15 to
achieve the eradication of malarta as rapidly as possible, and in as large areas as
possible, 1n order to permut the interruption or termination of residual house
spraying  Avordance of resistance 1s only one element 1n the total motivation and
Justification for this concept, but 1t 15 a carefully considered factor

It may be postulated that the optimal cond! g Anopheles T
development which would be encountered 1n the field 1s that of moderately high
selection pressure applied perpetually The degree of pressure would be as high
as possible without eradicating the biotype, species, or parasite In theory,
departure 1 either direction from this optimal selection pressure should reduce
the rate of resistance development or totally avoid 1t

It 1s generally considered that even very low selection pressures continued
long enough will result 1n som - T = -t Nadoubt this

1s true of 1solated populations, he case of
many of the more zoophilic unexposed
populations  Anopheles albiman houses at

dusk ot after dark, dispersing within the might or at dawn to concealed outdoor
dayume resung places Preapiun tests for human blood in this species are
commonly below five per cent  Assuming the figure of five per cent to roughly
7 the § of the popul which becomes exposed to DDT,
residual spray wathin houses 1n obtamning a single blood meal, that the percentage
of survivors from this exposure 18 not over 20 per cent (or one per cent of the total
population), and that this one per cent 1s then diluted g5 fold by zoophilic feeders
in the perpetuation of the local species population, it 1s apparent that the degree
of selection grcssurc would be neghgible  While this example 15 deliberately
oversimplified, 1t slfustrates the pnnciple of popul dilution 1 \:
with low selection pressure on the local species population

However, avoidance of Anopheles resistance 1s nat an end unto stself, nor 1s
1t an overruling consideration 1n most areas at the present ime  For this reason,
overall objectives are best served by wncreasing the mtensity of selection pressurc
s a calculated nsk 1n order to achieve more rapid malana eradication and to
terminate ressdual spraying
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Malara control and malana eradication have much 1n common, but differ
in mmportant particulars from a programme design standpomnt  Both concepts
demand 1 principle a high order of operational competency m the malana control
vmanme A mdba - - ° Nation wide

~rprises which
N nal 1nterests—
medical, nd the utmost m teamwork
T -

of labou

operatic

observa

observa

profession 15 basically the epidermological observation of the disease 1n man and,
traditionally 1n many areas, over all command of programme

mg, and

g

Globally, programmes for malana control per se may be considered as having
conformed to two main patterns The more common programme has followed the
concept of prompt, effective suppression in project areas where operations were
carried on  The other pattern, dictated by Limitations of supplies and equipment
m relation to magmtude of problem, has been aimed at controlling the greatest
number of cases of malaria with available resources By use of relatwely lugh
DDT dosage rates, coupled with an optimal frequency of application, malana
transmission 1n the first pattern might, for example, be reduced 8o per cent i the
first year In the second pattern, the same quanttty of D DT mught be spread
over twice as many houses with the expectation of reducing malana transmussion
by only 6o per cent, but among twice as many people Although the objective of
the second pattern s praiseworthy, and was no doubt fully justified a number of
years before the threat of resistance became apparent, careful re exarmnation 18
warranted 1if such programmes still exist

As with species eradication, malania eradication 1s directly dependent upon
ehminating the last surviving reproduction source, n this case the gametocyte
carrier, from each wuseful umt’ area This 15 the major pomt of difference
between malara control and malana eradicatton In consequence, malara
eradication, m prinaple demands a huigher order of programme effectiveness, as
previously mentioned It also demands the regrouping and extension of project
areas along different lines than with malana control programmes Generally,
malana control and malana eradication operattons should be mmtiated 1n areas

o - a - ¥4 - malaria control, this would be 1n conformance
greastest number of cases at the lowest cost,
be to lower malana rates to parity with

adjorning less malanous areas  Having achieved this panty, however, the
project atea 1n 2 malana eradication programme should be expanded as rapudly
as possible toward inclusion of the total malanous terntory compnstng the trading
area Since such termitories generally conform to transportation routes, they are
likely to be 1rregular 1n shape Expansion imto areas of low endemicity within
such a territory would have prionty over imtiating work 1n a new, more malarnous,
but remote area
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The absolute prevenuon of remntroduction of malaria nto a clean area 1s,
of course not to be expected untul national, regional, or even hemusphenc and
global cradication has been achieved in all areas from which travellers may
onginate The goal 1s rather to reduce the frequency of remntroduction to such a
low level that the prospects of restoring large scale malana transmussion and the
burden of malana surverllance are mmmized

In the interest of reducing the hazard of resistance development, as well as
economy of effort, many shert cuts 1n finally termmating residual spraying n an
area may be postulated Certanly, of full scale spraying mn a
distnct of say, 2 mithon people, untl scveral years after the termunation of

adequacy of malanologic services  There 15 almost certain to be an acute shortage
i the quantity of such service which might ideally be desired 1n every country
where malara 13 a pnmary public health problem Thus, rather than creating a
problem of technol 1 ploy among malariol DDT 11

has created a far greater need than ever before exsted

P

should antedate res:dual house spraying

‘The first measure 1s the deter of p Iing resistance b for
each vector species at Judiciously selected observation posts and recurrent testing
of the resistance level At least two published objective tests have been developed
for this purpose (Expert Commuttee on Malana World Health Orgamzauon
1954 and Fay ef o, 1953) Such testing is underway but should be far more
extensive  When resistince 1s detected on operating projects by less sensitive
methods, 1t 15 often too late  Dragnosts 15 never a substitute for cure, but 1s an
essental prerequisite

‘The second measure 1s the careful restriction of use of chiorinated hy drocarbon
insecticides for anopheline larviading  The arcumstances under which the World
Health Orgamization Expert Commuttee on Malana has indicated such laniaiding
should be practised, do not preclude the develop of but do tend to
limut 1ts occurrence to restnicted geographical areas

Instances 1in which larvaiding for malana control should be the method of
chotce over residual house spraying on economic grounds consist mainly of urban
areas or small breeding surfaces 1n ssolated communittes such as oases  Larviaiding
on biological grounds also has been tdvocted for the control of important
exophilic vectors, as 15 repored to be the case with A superpuctus and A sergents
n the Jordin Valley (Find 1954)  Justification for Jarviciding cum residual house
spraning would be more often encountered 1n suburban areas where the joint
control of 1nophelines and certamn other mosquito spectes are involved, but also
< be hzed 10 excep 1 where malana 1s pnmanly transmitted
by an endoplulic species nd danly, by an exophilic speacs  In the latter
case, differences n breeding habitat and adult behaviour mught result in the
selective exposure of each speaies
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The mmportance of avording use of the same chlormated hydrocarbon
nsecticide against the immature and adult stages of the same anopheline species
at the same time and place has been stressed by others  Under such circumstances
use of two chlonnated hydrocarbon msecticides which are not closely related has
been suggested However, the extremely high resistances (up to 1500 fold)
(Geib, 1955) to a variety of chlonnated hydrocarbon insectiaides which have

developed 1n the United States o” * « quinquefasciatus,
C tarsalis, Aedes taemorhynchus, A e larvicides are
ntenstvely and extensively emplc the extremely
high degree of selection pressure ol With thy

m mund, one nught say that as long as the patient took cyamde (1 ¢, larvierding)
1t matters httle whether he also took some other relatively mnocuous poison
(1 ¢ adulticiding) at the same time It also poses the question whether the mtensie
use of chlorinated hydrocarbon larvicides on an extensive scale 1s ever warranted
for malana control, even with exophilic vectors Except where a high degree of
sexual 1solation exists, 1t may be postulated that resistance developing 1n a localized
area will be rapidly dissipated by dilution upon interruption of selection pressure,
but such development over a large area gives cause for much concern

The third measure 1s to pay attention to control of cause as well as control
of effect Malara eradication 1s one method of control of cause  Another is the
elimination of anophehine breeding places and prevention of the estabhishment of
new breeding places by man  The need for keeping 1n mund the more traditional
methods of malana control and of avoiding excessive preoccupation with the
newer forms of insecticidal work has been ponted out by others (World Health

T Expert Cc on Malana, 1954) Yet, 1t 1s generally
acknowledged that many of these measures are not susceptible of either near term
adoption or of widespread adoption over the vast rural areas of the world which
form the stronghold of malana

However, in many countries, the predominance of man made over natural
vector breeding places throughout large areas, 1s apparent This 1s particularly the
case 1 India and many other troprcal countries with their vast numbers of roadside
borrowpits and of brick pits and their extensive irngated acreages  The elimina
tion of existing breeding places 1n these categories would be a gigantic undertaking,
and even the prevention of new ones 1s no easy matter, especially where changes
m cultural practices are required

On the other hand, corrective practices in new undertakings which 1n them-
selves yield direct economue benefit (e g, water conservation 1n certamn ungation
projects), or can be performed at nomunal cost incidental to construction (¢ g,
connecting shallow hillsde borrowpits), are the most economucal of all malana
control practices The important consideration which has been given to these
problems by some malanologists 1 India 1s noteworthy

The fourth measure 1s further expenmentation with each vector species 1n
the field with respect to dosage rate and frequency of apphcation of residual house
sprays  Early field trials of this nature were made in a number of arcas m the
19405 However, they were focused on the interruption of malana transmussion
as the main cnitenon rather than m b with eval 1 pressure
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In countnies where they are not already underway, the carrying out of
further imited experimental studies in conjunctton with ocal operating projects
mght well be undertaken in order to jontly evaluate malana reduction and
resistance development  Would 1t not be desirable to deliberately attempt to
nduce resistance 1n each important vector 1n the smallest feasible area, in order to
establish a safety factor for general programme operations or to disprove the
possibility of develop 1n a particular spectes under the conditions of
such a programme? The length of time needed to carry this through rmght,
of course, be an important weakness

‘Would 1t not be desirable sinularly to carry on other limited expenimental
studtes m conjunction wath local operating projects which would employ different
dosage rates and frequencies of treatment than those conventionally used?
Intensification of selection pressure on the general p in lreu of 1ts red
might well be 1 order if the margin of safety 1s ample and malana eradication
could be expedited by so doing  On the other hand present pressures in some

In q such exp must be dardized as much as possible and
carefully evaluated  No doubt, experiments along these general lines are bemng
undertaken in some areas but arc they being undertaken even to the mimmum
extent necessary 1n all indscated countries®

SUMMARY

The problem and possble solution of Anopheles resistance threats are
dered from the dp of lab research and field operations
The development of resistance 1s a product of sclection pressure, 1ts duration, and
the genetic capaaity of the species to develop resistance  Any species mevitably
wll develop resistance of one type or another provided the degree and duration
of selection pressure 1n combination are sufficient to threaten speaes survival
The slowness of anophel todevelop r to 1nsecticades 1s commented on

Three end purposes of laboratory studies concerned with Inopheles resistance
are descnibed  Ad] of op I 1n the field 15 advocated 1n the
mnterest of avoiding resistance problems  Principles underlying the vanaton of
selection pressure and duration of pressure i field practices and programme design
are discussed  Brief mention 15 made of the role of certam traditional methods of
malara control and of the mafana controf orgamization
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D D T -rewstant stramns of C' fatigans and 4 flumatilys —While 2 fuller account
of the development of the resistant stramns of ¢ fafigans and 4 Suviatrhs will be
1l;u]bhshc:d in due course, a few relevant details concerming each species are gven

elow

C  fatigans —Both the resistant and non resistant stramms of € Sfahgans
ongnated from the same single raft of eggs laid by a wild caught female  Signs
of resistance* to DD T first became apparent 1n the fourteenth generation as 2
result of the exposure of the adults males and females, to sublethal doses of DD T
at cach successive generation In the subsequent generations, there was some
progressive icrease 1n resstance which had reached a high level at the tme of
conducting the expenments with mosquitoes of the forty-third and forty fourth
generations A brief resume of some of the salient pomnts about DD T resistant
C fatigans may be relevant at this juncture

While the non resistant stran of C fatigans evidenced 100 per cent mortality
on being exposed to 200 mg of DD T persq ft for one hour, the resistant strain
showed little or no mortalty on bemng subjected to sumlar treatment under
identical conditions  Adults of the latter stramn were resistant not only to
mortahty but also to the paralysing effect of DD T  The resistant strain showed
strking vanations 1 1ts resistance to DD'T  With the dosage rematmng the
same, some individuals 1n a given batch of females of the same generation, died after
s1x hours of exposure, others after 12 hours, while stll a few others required ever
more than 18 hours of exposure to die

A flunaths —Sumlar efforts were made to raise a D D T -resistant strain
of A flunatiis  Feeble resistancet was first evidenced 1n the twenty-ninth genera
tion ~ There was shight increase 1n the subsequent generations but the level of
resistance still remained low 1 mosquitoes of the forty seventh generatton which
were used 1n the experiments  In this susceptible species, resistance was very late
1 appearance and equally very slow 1n building up

DEVELOPMENT OF SPOROGONY CYCLE OF P RELICTUM IN
RESISTANT AND NON-RESISTANT STRAINS OF C FATIGANS
AFTER EXPOSURETO DDT

In all, four expeniments were carned out Resistant € fatigans used 1n the
first experiment were of the forty third generation and in the subsequent three
experiments of the forty-fourth generation

Experiment 1 —Females of the resistant stram of € fafigans and of the
nON Temstant Skraim were kept in separate cages and gven an Qppartunity to feed
on the same gametocyte carrying sparrow, the latter dunng the first half of the
mght and the former during the second half  Mosquitoes of each strain which
had become fully engorged were, 1n p. - ® = mec 4nann mo
of DDT persq ft for 40 mmutes ~
and the second on the third day of 1

-
* [nd an Counail of Medical Research Technical Report of the Scicntific Advisory Board for the year

1902, New Delhit p 12
+ Indian Couneil of Medical Research Techmcal Report of the Scientific Advisory Board for the year

1954, New Deltu p 7
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the effect of these exposures was timed to comncaide with the carly stages of develop-
ment of the parastte 1n the mosquito host  Some blood fed females of each strain
which were not exposed to DD T were kept for companson  There were thus
- - - t and two of the non resistant strain,
- panson} msects They were kept in

- fed on ten per cent glucose solution
o separate exposures to DD T was
>s whereas 1t was heavy 1n the non
resutant stratn In spite of a much higher proportion of the latter exposed to
DDT, only a few were left ahve for dissectton  All the groups of mosquitoes
were dissected on the same day parucularly for the determmation of sporozoite
fection of the salivary glands after the normal incubation peniod

Experrment 2 —Each group of the resistant and non resistant strain was given
four exposures, the first immedtately after infecting blood meal during the mght
and the subsequent three on alternate days  The dosage of DD T was 200 mg
persq ft n all the cases and the penod of contact was 40 minutes for each strain
m the first exposure but 1n the subsequent exposures 1t was mncreased to one hour
1 the case of the remstant strain and decreased to 20 minutes in the non resistant
strain 50 a3 to get a fair number of the mosquitoes for dissection after the
mcubation period of the parasite in the mosquito

Experiment 3 —Resistant females which had fed ona naturally infected sparrow
were exposed to DD T as above for one hour once daily for the first four days
Some mosquitoes of the same stock which had fed on the same sparrow were not
exposed to DDT but kept for companson

Exp 4 —In this exp 300 resistant C fatigans females were first
exposed to 200 mg ol DD T per sq ft for as long as six hours and then on
release, immediately given an opportunity to feed on an nfected sparrow, dunng
the mght The following morming 24 were up including 14 fully engorged
females Al these engorged specimens remained alive untl disscction
Tabl D‘am concerning the foregomng expenuments are st out separately n

able

The results of comparanve infecuons indicate that mere acquisttion of
Tesistance 1n € fatigans was not p y any change m 1ts
suscepubility to nfection with P rehictum  Both the resstant and non resistant
strains were about equally infected up to the sporozoite stage

The effect of exposure to DD T, 1f any, on the development of sporogony
€ycle was not reflected sn resistant or 1n non resistant strams of C fatigans 1
measured by the results of comparati ¢ infe Sp cycle was pleted
0 2 normal manter m Tenstant C fatigans n which the mechamsm sesponsble
for nbomng or counteracting the lethal action of the towcant was actinvated by one
sublethal and three lethal exposures to D DT on alternate days which covered the
€nure incubition penod or by four lethal exposures once daily dunng the early
stages of the paraste development Likewise the results were simiar i non
Tesstint € fahigans after exposure to sublethal doses of DDT

There was no modification of the host parasite relationship when resistant
€ fatigans were subjected to a lethal contact wath DD T for as ﬂmg as six houry
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preceding mfective blood feed  The presence of absorbed DD T 1n the surviving
specimens did not seem to operate agamst the conjugating gametes or oglinetes
that were being then formed m the stomach of the mosquitoes  In other words
acqusition of nfectron was not mhibited

TABLE 1

Infection wuh P relictum i DD T resistant and non resistant strams of C faugans
exposed o DD T

i C fatigans

Expen RESSTANT STRAIN I NON RESISTANT STRA™
ment | Exposed or not I
number v " - M
R
§10z | S% | 881,33 ES | S5 85 2% | 2%
ZE[CR|DE|FAIETE 2| PElcE it
Exposed xs—f_l 7| 7!54f s | - 1] 1 | »
U {"Unexposed n | - P 6 | 55 | 7 1| 3] 418
{companison)
.| Exposed 21 , s [ s as |u |~ | 5| 5|
Unexposed 20 2] o] o)a]m] ) 6] 64
(comparson) -
Exposed [ 51| & | 25 | a0 [0 ' - = =-1~T-
3 MUnexposed 33 1] 18 ] wls [ -1 - -]~
(companison) !
1 | Exposed ’14 3’5/5143‘— —}—J-——
Detads —

Ecperiment 1 Two exposures of 10 munutes each, the first within12 hours and the second on
third day of the mfective blood meal 1n both
Expervment 2 First exposure of £0 munutes immedsately after mfecttve blood meal followed
by three scparate exposures once every other day, of one hour each for resstant
€ fatigans and of 20 mtnutes each for non resistant C fatigans
Evperment 3 Four exposures of one hour cacht once dally, commencing from the first day of
anfective blood meal
Experment 4 A single prolonged exposure of six hours preceding 1fective blood meal
Note 1 Reustant € fatigans were of Gen, 431 1and of G
41 1n Experiments 2 10 4
Dosageof DD T was 200 mg 1n acetonc per sq ft in all cxposures
Usually only salivary glands were dissected for sporozoite mnfection  In a few
cases guts were also examuned, partcularly if glands were found negative

w 1o

- Lt 4~ T daihacenarnmony
. ant
T,

respectively
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DEVELOPMENT OF SPOROGONY CYCLE OF HUMAN MALARIA
IN RESISTANT AND NON-RESISTANT STRAINS OF
1 FLUVIATILIS

Experiment 1 —Resstant and non resistant A flutiatils were caged separately
m screened bamboo rings and applied to a gametocyte carner of P rrax Al
the mosquitoes could not be fed on the donor who on account of tender age (three
years) would not tolerate mosquito bites  The bleod fed mosquitoes being small
1n number, were not exposed to DD T

Experiment 2 —One lot of resistant and another of non resistant strain were
fed simuliancously on a crescent carner * Here agam, the mosquitoes were not
exposed to D D T. 1n the hope of utthizing them for a neuro-syphtlis case under the
treatment of the Medical Officer, Government Hospital, Mettupalatyam, South
India This, however, did not matenahize The results of dissection of both
the expeniments are shown m Table IT .

Taere II

Infections with human malaria 1n D D T -resistant strans of A fluviatihs

o pavatiis
Expers | Species Resstant stra n Non reustant stramn
mene | fof :
e |Plasmodiom | Bum | |Glands Totsl [Per cent 3™ Gut | Glands | Toul , Percent
a2 | post | post | pos | to e P pos fpon | ol
e | e T TR e S e T | | poie
! T
© 2| : 3| s
UL P e
[ o] e o a *u 0 e [ a] o
+ P _/nln[num] EREEEEE . 39 l ) l 52

—_—
Note 1 In both the experiments mosquitoes were not exposed 1o DD T
*2 Partally fed

It would appear that both the resstint and noneresistant struns of
A fluriatilis were almost equally susceptible to wnfection with human malana

DEVELOPMI'NT OF SPOROGONY CYCLE OF P GALLINACEUM
IN NON-RESISTANT STRAIN OF .EDES .EGIPTI AFTER
EXPOSURE TODD T

" Experiment 1 ~In this experiment, mosquitoes were divided mto three groups
emales tn group (a) were first fed on an infected fow! and then exposed to 25 mg
OfDDT for five mnutes Out of 300 engorged females, 227 (or 56 per cent)

s h‘Thlnh are due to Dr A\ Ranagarsy Med cal Officer Government Hospual Mettapatasyare,
uth Ind 2 foe accord ng perm asion 1o feed mosquitors on this pAUEDt.
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€r cent (166 out of 59
females) 3e (

The Testilis of dissection of MOSquitoes of the iffereny 8roups of Experimens
Tand are detaleq separately 0 Taple nr

Taneg Iy T

Infection with p gallmaceum 2 npn essstant sgp,, of Edes YD exposyy 12 sublethet
dosey oDp 7T (25 g per TS for fice mnytey

/ Numbpe, Guy
Cong ; ons of XPrimen, dissecteq Posttiye

Furse gir € blood et

tnfecy y, 38
and they Xposed (g py br

Per cen;
tatal

postve

Fra Sxposed 1y 1y py T ang then 1 -
& ven infeerryp blood meqy
< / Compamon (unexpo:cd) / 2 -_
2q Exposed toDpy 23 gray gy 2 19
5 K Compar son (uaexpogeq) o6 B [
*Per og of €XPosure only three ™ nutey

twll be Seen that , Stbletha; XPosure to 1
or succecdmg Infective bload meal or 1y a stage
10 effect op the dcwclopment of p Sallinaceyp
ndex o nfection Wwas pracucally the same n alf ¢,
€xposed to 1y DT o not

T of Edes o, bl Preceding
of Eravidity oo ‘%ound 0 have
nside ¢ mo?mto host The
€ groups of 1, es &gy pt Wwhethe,

Expertmons 3 ~This CXpenmen was started with g 2EPlt most of which
haq Fecently become nfected SPorozortes op P Ellnaciym n the salivary
glands out g5 of these femnles Were exposed 0 g5 mg ofp Persq g,
for five Munutes

S 3001 a5 the €XPosure Was over, the mosqmtocs Were 8iven an opportumty
10 feed op 2 normat fowl (g '9) encloseq Suitably e € the cage € Mosquitoes,
with developmg Ymptoms of ) D Olsotng "y, Trate
for 5 blood fo, unt] after 4 T when e 7
Was dissecteq xmmtdmtcly and iyt showeq , Moderate Sporozo;ge !nfection of the
salivary glands Agam, one hoyp later, the same fou] wag bitten
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mosquitoes 1n the course of 25 minutes, of which two werc found mfectne At
this point feeding was discontinued  The normal fowl (G 79) was thus inoculated
with sporozoites by bites of three known infective specimens which succeeded to
obtain a blood meal after exposure to DD T

Another group of infected mosquitoes from the same stock was exposed to

nnTmooe et A new normal fowl

quitoes by holding 1t

. bitten by two proved

imfective mosquitoes one after 50 munutes and another after one hour of the
exposure

Both the normal fowls (G 79 and G 8o), which were moculated with
sporozastes by bite of the q after sublethal exposure to DD T,
eveloped patent infection which ended fatally i one and in aspontaneous
recovery of another  The results demonstrate that a sublethal contact with DD T
of mfective mosquitoes did not render the sporozoites non infective to normal
mosquitoes

The marked change 1n the biting potential of Edes ag)ph after exposure to
DDT is noteworthy The same specimens of Edes egyphi which would have
immedrately crowded and fed on the fowl 1n a few minutes were practrcally unable
to do 5o after exposure to DD T

Expeniment 4 —Mulhigan ¢t al (1940) have reported that sporozoite
agglutnation 1n high dilutions of malanal serum 1s a specfic reaction  This
test was made use of to find out if sporozortes in salivary glands of Edes 2gyptt had
undergone any change after exposure to 25 mg of DDT for ten mnutes
Sporozottes from heawily infected specimens wath sclf amputated legs and almost
at death pont, were d d 1n daffe du of h ! chronte serum
The results suggest that sporozortes in highly paralyzed £des egsph were not
impaired antigemcally

Inoculation of sporozoites from a highly parilyzed specimen mto a normal
fowl (G 81) caused patent infecuon after an incubauon period of eight days,
showmg thereby that the sporozoites were mnfective  The parasites reached their
peak on the fourth diy and disappeared from penpheral arculation on the
seventh day

VIABIIITY OF P GALLINACEU M IN INFECTED FOWLS POISONED
WITH ORAL ADMINISTRATION OF DDT

Having d. d that the develoy of malana p 1 resistant

and - - N . ~ 1 Z Y osure
fouls,

- . - - « non

[N
atimited biologically the effects of BHC and DD T in the bovine blood by
feeding arthropods on treated ammals  The two experiments camed out are
desenibed below
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Experiment 1 —One normal fowl was mnoculated with the blood of a foul
harbouring chronic nfection  When nfection first became patent, the fow] was
gven DDT 1n olive od by mouth at the rate of 100 mg per kilogramme of the
body weight for three days 1n succession  On the fourth day, the fowl began to
develop early symptoms of DD T poisoning and tts blood picture revealed a
number of male and female gemetocytes On the same night when the fowl was
in convulsions and prostration, 1t was placed bodily inside a cage contamng
large numbers of Zdes agypn which became engorged 1n a short space of tme
Soon after blood feed, most of the mosquitoes began to show toxic symptoms In
some specimens, the symptoms deepencd and they fell down in the cage  After
about 24 hours, more than half the females were dead A few females whch
survived to complete the extnnsic incubation pertod, were dissected for finding
out oocysts and sporozoute mfection  All the 12 specimens were found infected
with both oocysts and sporozoites  These sporozoites were normal 1 appearance
mn fresh and staned preparations One normal fowl which was bitten by two
mfective speamens developed infection on the ninth d+y and died of malaria seven
days later

It would appear from the foregoing that 1 a normal fow! poisoned with
DDT, the parasites multiplied and produced viable gametocytes which on being
ngested by mosquitoes resulted 1n the production of sporozoites which 1 tum
were proved to be infective to a normal fow!

Experment 2 —A normal fowl was mnoculated with blood from the fowl with
chromc nfection  Before infection became patent, the fowl was given DDT
moliveotl as m the above experiment on three comsecutive days For some
unknown re. - - - 2
but died on
n the peripl !
the density of gametocytes was adequate the fowl was exposed to the bites of
Aedes agypt The engorged females were slow 1n developing sysmptoms of DD T
poisoming  After about four hours most of the mosquitoes were unquestronably
wntated 1n varying degrees The surviving females showed 85 per cent mnfection
of salivary glands with sporozoites (17 out of 20 dissected)

DISCUSSION

a

It 15 well known that certain species of q have d p
to DD T, particularly in areas where DD T has been used extensively and
mtenstvely 1n massive doses  This insectiaide resistance may be shight so that
mosquitoes are still killed by the msecuictde or may have reached a stage where
DDT 1s of lutle or no practical value 1n mosquito control  The importance of
the development of resistance, particularly 1o a vector species, would seem to
depend largely on whether the ability of a resistant stramn to withstand the doses of
DDT which would kil a non resistant strain of the same species, would alse
operate adversely on malana parasttes n an infected mosquito  In discussng
the possible effects of residual nsectictdes on the nterruption of malana trans
mussion Gabaldon (1953) observes ‘If physiological resistance appears, 11
importance may depend on the fact that the sorbed insecticide may myure or 10!
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he malana parasite 11 any of its stages 1n the mosquito a fact unknown at the
resent ume  The same author again records  \obody knows what happens to
acysts or to sporozoites nside slightly intoxicated mosquitoes

On the basis of data on hand 1t 13 evident that mere acqusiton of DD T
esistance which was high 1n € fatigans and low tn 4 flurtatths d d not result in any
oncomitant change of the vectorial capacity of these two spectes  Resistant and
on resistant € fatigans which originated from the same parent were almost
qually infected with P rebictum  Sumilarly resistant and non resistant strains of
A" fluctatits showed no difference 1n their susceptibility to infection with human
nalana

It 15 also evident that activation of the mechanism of resistance 1n resistant
™ fatigans by lethal contact and m non resistant C fafrgans by sublethal contact
with DD T produced httle or no effect on the development of sporogony cycle.
Both the groups were infected with P relictum to about the same extent as were
he comparison groups

Tt vill be further observed that sporogony cvele was completed 10 a normal
manner in resistant C fatigans which were exposed to lethal doses preceding
nfective blood meal or thereafter dunng the early or entire extrnstc mncubation
period

Experiments with P gallinaceum 1ndicate that a sublethal exposureto DD T
had no effect on the parasite in any stage i Edes egypts and that when DD T
was fed orally to fowls the ltiplied and g tes d viable

Finally 1t would also appear that if contact with DD T resulted 1n any
change physical or chemical in the body of an infected mosquito the malania
pirtes were not Apparently influenced by 1t in their natural environments
It 33 not known whether DD T absorbed by mosquitoes found 1ts way to the
P v vorlor —

SUMMARY AND CONCLUSIONS

1 The acqu sitton of DD T resistance by C fatigans per se had no apparent
effect on aty vectonil efficency  Both the resistant and non resistant stramns
ongiating from the same female were about equally infected with P relictum up
‘o Whe sporozone stage  There was o chnge 1 the host parasite relavonshup
when the mechanism of res stance + as sumulated by cxposing the resistant strain
1o lethat doses of DD T preceding nfectne blood meal or thereafter dunng
the early or entire extninsic mcubation penod  Sporogony cycle was completed
i a normal manner In resstant and non res stant strans  arrespectne of the
exposure to DD T

2 Resstant and non resistant struns of A fu watths were almost equally
susceptible to infection with human milana  Resistance in 4 furiatils was of
course low but 1t was clear cut
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3. A sublethal exposure to D DT, of Edes egyph, precedimg or succeedny
wfective blood meal or in a stage of grawidity, was found to have had no efitc
on the acquisttion of infection with P, gallinaceum or its subsequent maturation &
sporozoites  Exposure of the infective females did not render the sporozone
non-infective to normal fowls

Oral administration of D.D.T, to fowls infected with P, gallmnace
did not inhibit the multipltcation of the parasite, nor did 1t haveany apparent effec
on the viability of gametocytes.
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TOLICY IN RFTATION TO MALARIA CONTROL
BY
S R CHRISTOPHERS
(August 1 19 )

How important 1s policy 1 measures directed to the control of malana m
a country® By policy 1s meant all that goes to the thinking out of what should be
done It includes what 1t 15 desited to do what 1t 15 possible to do and how this
last can best be done It 15 sometimes not very clearly thought out often bsed on
imperfect information and with the best intentions 1t may not be the best that
could be adopted  One thing 1t very commonly lacks 1z adequate provision to
show what results have been achieved It 15 therefore worthwhile to gine
carcful thought to what 1t 1s hoped to do how 1t can best be done and how if st 1s
done 1t can really be known to be done

What 1t 1s hoped to do may be the chmnation of malina as a human discase
To have any relation to reality such hope must be more specific i tume and place
There are two words in usc 1n the fight aganst malana 1. control and eradicauon
those whose expectations are aimed lugh prefer erad those less op
use the word control  As 1n many human affars a great deal depends on the
patticular circumstances and what 15 reasonable to hope 1n some circumstances
would be unreasonable in others  VWhatever the objectne however whether
control or eradicition much the same techmques must be used  Malana 1s almost
unique as a discase 1 the grent varncties of ways in which 1t may be attacked wnd
the number of techmques thit can be used 1n doing so  The mmportant point
that Fohcy has to deade upon 1s which of thesc techmques o use [t mav be
useful to indicate briefly what thesc techmques are

Farly control measures, following upon Rosss discovery of the mosquito
tramsmussion of malara were altmost envrely based on acvon 1aken agamnst the
breeding places of Anopheles  The only important nvals to such measures were
communal quinine prophylaxis and screening  Discovery of pans green as a
more efficient and easly handled lnnviade and the work of Malcolm Watson 1
Malaya explotting the usc of drunage 1nd other methods of lan al control totcther
with the conception of specics sanitation  appered to show that control through
antihirval action was possible ind that where 1t conld be carned out 1 was the
method of choice as being the most fundamental  Other measures such as the

{27
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trapping and spraymg or fumigation of adults, use of communal qumne and
protccuLo‘n took their Placc as measures to be used where antiarval work wa
Unsuitabl hol“ aJS PP ntary measures of securing success  So successful m
of merely reducing Anopheles
eradicating once and for all
s method were that the arey
must not be too great, though 1t was not necessarily restricted to an island, and
considerable areas were treated on this basis
Some operations of this hind have been highly successtul ¢ g , Anopheles gombie
which appeared to have invaded Brazil from Africa ‘and there had occasioned sertous
epidemics of malana, as a result of a determuned and systematic attack launched by
the Rockefeller Foundation m association with the Brazil Government under
Doctors Soper and Bruce Wilson was completely eradicated from North East Braal
and up to the present (Russell, 1955) Brazil has remaimed free from this species
Another successful ant1 gambie eradication operation has been carned out 1n
Upper Egypt (invaded area 4,270 sq mules and population some three mullion}
In Sarduma, at 1 total cost of 12 million dollars and with the assistance of some
thousands of scouts, an attempt was made to eradcate the vector speaies  But
though malana was eradicated the op were not pletely successful m
1 1ng the ind species of Anopheles  In Cyprus, an island with endemic
malaria (spleen rate about 25 per cent), there was an example of the use of the new
msectictde DD T as alarviade  Here also an attempt to eliminate the indsgenous
Anopheles was unsuccessful, though as a result malana was much reduced
In the first world war antilarval control, with in addition quimne prophylaxs
where larval control was impractical or required supplementing, was still the
recognized m ' m h o
and other are
Nevertheless
m the second world war
In the perod between the two wars, two things revolutionized ideas regarding
control  These were the discovery of new more and more effective synthetc
antimalanal drugs and the results from the new msectiide D D T used 1n residual
spraying Drug prophylaxis through mepacrine, now as a result of the previous
war pushed as a prophylactic measure with the full and effecuve support of the
mulitary commands was practically the answer to malana control 1n troops  The
new and powerful msecticide D D T, used first as a larvicide and eventually along
with 2 number of related compounds 1n residual spraying has been so dramatically
successful that many have considered 1t the final answer as to how malana can
be fought
With this bnef resume of the present position with respect to various forms of
techmques used agamnst malana we may usefully examune some considerations
that affect policy ~ It will be most convement to do so cluefly mn relauon to
experience in India

AREA AND POPULATION

In Table 1, are given the area population and persons per square mile i
a number of tropical malanous countries



ind m Journal of Mafs fogy § § De omber 19

foare VT

B oLebn ks RICKARD CHRINIGHHIRS & 5 sr rk w R}
I chargr Central Mala 2 Bureau haaul U1 1318 ard 10010 4






8. R. Chnistophers. 299
Taser 1*

Jdrea, population and persons per square mile 1n @ number of tropreal malarious cuoniries

!

| Persans per

Country Sq“\ar:':,nlﬂ Poputaten | P50
An English county (Cambridgr) 4971 100 360
Triudad Teon ! 38 000 1 LN
Cyprus Jom 200,008 1o
Sardinia 9,300 120,000 | 131
Britsh Guiana 83000 450 000 5
Venczuela 332000 3323000 1
" (teeated area) 63060 2431000 : 30
Bohivia 45000 3,7s8 000 | v
Gold Coast Moo 223000 | 02
Nigetia 373000 31,200,000 | 83
Belgian Conga 10000 | 12,125 000 ] 13
Tropical Affica as a whole {From 1)* \ to the
lesel of Bewra)t 000,600 | 61,000,000 1
Pakistan 304,700{ 75,340,000 £l
India 1,143 600 | 338 139,000 32

* Data, except for tropical Aftica as 2 whole, from Whittaker « Almanac, 1955
1 Area for tropical Africa has been measured from map and gnen approumately
“The figure for population 1 probably an under estimate

Such a st serves to show the relne seale of opertons that would be
fequired for these countnies and emphastzes the speaal cases of Indin and some
troprcal Aftican countries

ECONOMIC STATLS

There will almost certainly be a great cifferencd in what a prosperous and
Pperhaps largely curopeanised country can do as compared with a relatnely poor
country much of the population of Which may be lwing m rural or even Jungh
conditions  Between two such, the whole question of malana control differs
frormously and, except as expenment for some particular purpose, what one
might almost term smsh and grab operations are not usually the most switable in
the ltter ercumstances
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VITAL STATISTICS

One pomt that 1t 15 very necessary to know I a country where the queston
of action agamnst malaria anses 1s how much malana there actually 1y Normally
1t 15 assumed that this will be shown by the vutal statistics, as also whether any steps
that have been taken have produced the destred result  Unforeunately, where the

thing and cannot be expec‘ted to be accurate  In general, vital statistics are of hitle
use except Iin very special cases in determinatron of malaral incadence  Hospital
records 1n such countries often represent only a fraction of the real number of cases
of a disease  Medical men may be, and usually are, so small 1 proportion to the
population in rural and jungly areas that any attempt to arnve at an estimate of
the effect of operations on a large scale thiough medical diagnosis would be hable to
grave doubt ~ To do so from films sent 1n to headquarters mght be
musleading  Unless a good system of returns of death 1s in exstence or there 1
a sufficiency of effective dispensaries any real esumate of the amount of malana
would require expert nvestigation

DISTRIBUTION OF MALARIA

It 15 not usually that a country 1s umiformly malarous or even that there
are not extensive areas where malana is not a serious problem In Incia there ase
some considerable areas that come under the designation of  healthy In such
areas malaria 1s often restricted to small foct of infectron where condrtions happen
to be favourable to the disease  Other tracts may be hyperendemuc, t ¢, malama
15 no longer an occasional disease, but ane m which infection m chidhood 1
umversal, or almost so and adults are largely immune Even the chidren
though nfected, often show hittle evidence of being N Losn wdem
as seen 10 some prumitive tribes 1t may be difficult
child mortality  On these accounts the urgency
action under such conditions has been considered by some authorities 10 be doubtful
1t 15 a matter of opimon with hittle factual evidence to go on  Such areas may be

uite extensive and have been mapped and much studied in India In other
E)rms of high d may bena ble state of perpetual 1llness
from malana and in need of urgent rehef These may be the conditions 1n
communities colontzing new areas and perhaps labour connected with tmportat
industries or projects  Without some system of ascertaining v;/hat areas a‘nd

wi w s
EPIDEMIC MALARIA

One form of malarta, that termed seasonal epidemuc, or when very severe
fulminant malana 1s especially tmportant  Its characters are sudden onset with
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almost umversal infection and lugh death rate  Such epidenucs sn India occur
only at intervals of a decade or so between which ttmes 1t 1s charactenstic that
malana 15 of relatively low inctdence It has been shown by Gill who has made
a very thorough research 1nto the naturc and ongins of such epidemees i Indin
and Ceylon to be 1 phenomenon related to a normal low malan incidence
with decreased wumumnity followed 1n certain years by unusual and stil not ven
well understood conditions favourable to malana In the year 1908, 1 great

to this danger of flooding and appropnate mcasures on a large scale to mitigate
such effects have been taken Whether on this account or rot, these eprdenucs
which usnally occurred about every exght years as far back as records o have
never ince oceurred on a bke scale  Study of relatively small affected nreas has
shown that the measures which can be adopted are mainly organized arrangements
for treatment and free drug distnibution  Areas lable to such epidemic effects
hwve been mapped and 1t has even to some extent through studies of the spleen
rate and other factors, been possible to forctell Itkely affected arcas

STAFF

For operations on any scale trained staff 1s a scnous problem  This must
necessanly include besides labour and operators for whatever method 15 adopted
a suffi of tramed malarol to direct and supenvise operons  Dunng

. the last war the sudden call for personnel to equip antmalinal units operating 1n
the ~ r T was largely met from the Malna Insutute
of rge organmzation where traming was and
hac 1 the years of the war the Insutute supphed
for this purpose 555 truned malana officers 426 traned personnel and 87
eng neers that had received malana traiming

ORGANIZATION

It wall be clear from thus brief account that orgamzation and research arc

a very essential part of anti malanal work  \\ithout them measures must be
taken blindly and proof that nything has been achieved mav leave much to be
donred  Whilst all out attacks can be made on malana where large funds are
aailable and arcumstances favourable 1t would scem these are not most suuted
to undereloped arens or countries such as many are 1n the tropics where malim
asumes a yanety of forms and degrees of mtensity  What scems to be more
needed 1n thes case, especially where the country atssue 18 large, 1s some permnent
orgamzation where investgation and control can work hand in hand ts stafT able
to cover all the necessary fields of expert knowledge famehiar with field condimons,
:‘P‘ﬁ n mihint techniques with aceess to government 1nd supported on a scale
ro, te to the task 4 to them In Indin tn the course of the last
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18 no lack of mtiative 13 shown by the recent formation of an associated Society
with its own Bulletin, v1z, the Nauonal Society of India for VMalana and other
Mosquito Borne Diseases of which Licut Col Jawsant Singh 1s the President and
the objects of which include work on filanasis in Indin which causes much sichness
and 15 a mosquito borne disease

Quite reccn(ly I have seen (hc announcement that a Malana Insttute has
been established under the dir of Dr D Bagster Wilson 1n tropecal ¥ ast
Afnca the East Afnican Malana Umt of the East Afnen High Commssion having
become the Last African Institute of Malarn and \ cctor Borne Disewses Such 1
step has very much to recommend 1t
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DIVLLOPMENTS IN MALARIA CONTROL MFTHODS
DURING THE PAST I'ORTY I \RS

B
Sm GORDON COVELL sMp by
Jul 410

A PERIOD of 40 years has been selected for this review because 1t corresponds
approumately with the wnter s own experience of malana and its control ~ The
developments which have evolved durng thus tune 1n the methods used to combat
the discase may be considered under the headings of (a anumosquito measures
and (8) chemotherapy

ANTIMOSQUITO MEASURES

Duning the first half of the period the measures adopted were directed almost
exclusnely towards the destruction of the aguauc stages of the mosquito the egg
lana and pupa usually referred to 1s antlanal measures  Some of the earlier
campaymns such as those undertaken in Malaya Ismuha Cuba and the Panimn
Canal Zone, werc very successful  They were costly but in exch case imporiant
financial considerations were at stake and the cxpenditure w s amply repard by
the improvement in health which resulted parucularly among the labour forces
employed

In India the prasccution of antilrval measurcs recenved a senous setback
{rvm the comparative failure of the campugn undertahen ml\hl‘n M, h(sr

nown 7 -~ ~ - r - e

dranag . .
and in .
largely
from outside the protected arca  Fhe campugn was further discredited when
W egreat regonal malara epidemic of 1908 onc of the mast sex ere ey er expenenced
Meplover the Pumab  Maun Mir I withn the epidemue arer and many cases
occurted among the troops stationed 1 the cantonment and thewr famuhes
Dunng the next 26 years anulanal mowsures were practised with some
SUCCTSs in varous urban arcas in ten coffee And rubber plantatons and tn
connection wath Inrge scale engineening projects Tollowing Bentley s suney of
M09t 4 Spectal Malina Department was created v Bombay Gity and

(305)



306 Developments 1n Malana Control Methods

number of antilarval measures were put m force, directed chiefly towards the pre
vention of mosquito breeding i wells and cisterns, the favounte breeding places
Bombay of the vector, 4 stephenst As a result, the malana rate was greatly
diumimshed, so much so that the local authonties decided that the measures could
be relaxed  Accordingly in 1918 the Malana Department was disbanded, but
the meagre staff remaining proved entirely nadequate to cope with the situation
Covers and trap doors of wells and cisterns were removed or allowed to get mto
disrepair and numbers of wells which had been sealed were re-opened The
meidence of malania began to increase and n 1922 the heads of 40 commercial
houses sent mn a petition to the Corporation drawing attention to the prevalence of
the disease m the city and to its harmful effects on commerce In 1923, the
Malana Department was reconstituted, but much of the work previously accom
plished had to be re-done n 1924, the disease was agam very prevalent 1n Bombay
and there were a number of cases among the crews of ships berthed in the docks
A Central Malaria Commuttee was appointed and the stafg mcreased, but malana
continued to be a serious problem and 1t was decided to hold another survey of the
whole ssland  Thus survey, which lasted six months and involved the exarmnation
of more than 30,000 children, was catried out by the writer mn 1928 The
recommendations then put forward, which were directed solely towtrds the
prevention of mosqurto breeding, were implemented with excellent results

In Assam, antilarval work was carnied out i a number of tea estates under
the auspices of the Ross Institute, notably by Ramsay wn and around Labac A
interesting development here was the growing of dense vegetation over ditches,
streams and swamps to prevent mosquito breeding This metsure was very
successful for some years, but in the course of time the bushes used for shading
began to mvade the tea, necessitating the employment of extra staff to keep 1t cut
back Eventually 1n many 1nstances estates reverted to open drams and othng
for the control of mosquito breeding A similar course of events occurred i
Malaya, where extensive subsoil draming was nstalled 1n rubber estates Here
agaimn the measure was at first successful, but eventually the roots of trees grew down
1n between the tiles 1n search of water and chohed the channels, so that an open
space 14 umes the height of the trees had to be left on each side of the pipes
Since a rubber tree may grow to a height of 60 feet or more, 2 large proportton of
the plantation was thus put out of action  In many estates the subsotl pipes were
pulled up and substituted by open drains and otling

Mention may be made of two engineenng prgjects mn India whose construc-
tion was made possible solely by - ' '
the Sarda Canal Headworks |
Provinces, and the building ¢
Nagpur Ralway The construcuon of the latter project was held up for 40
years owing to the prevalence of intense malarta, the tncidence of the disease among
the survey parties being so high that the first three were unable to complete
their task, while the fourth succeeded only when every engmeenng post mn the
party was duphcated The construction of the ralway was finally made possible
by the work of the late Major Semsor White, Malariologist to the rathway, who
nstituted nigid antifarval measures m and around the camps which the
labourers were concentrated
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Dunng this penod, the chuef methods employed for the control of mosquito
breeding were drainage and the application of vanious kinds of o1l to water collee
uons A notable advance was the introduction as a larvicide of pans green,
following the demonstratton of 1ts value in the field by Barbar and Hayne in 1921
From this peniod until the advent of DD T pans green was used very extensiicly
in large scale lana hrougt the world Tt was the principal
method employed n the I of 1939 40 which resulted n the
eradication of 4 gambiz from that country

The expenence gained dunng the eirher antimalara campagn in India
and clsewhere showed that the disease could probably be controlled anywhere
by antlarval measures, provided that suffcrent funds were aralable for the purpose

nder wrban and industnal conditions wherc the population at msk was
concentrated 1n a hmited area and where 1ts potential output was economically
productive, tt could usually be demonstrated that the cost of malana to the com
mumity wasconsiderably greater than that of effectrve control evenby the measures
then available It was the control of rural mlana that for so many vears proved an
msoluble problem to the health authonities of tropical 1nd subtropical countnes
Here the population 1nstead of being concentrated 1n compact areas 1s scattered

- - N lated groups of houses

harbours nnumerable
was mdeed controlled
in rural areas in certain nstances as a demonstratton project but only at a cost
far greater than 1ny sum which the local authonties could afford  Under such
arcumstances the only way of ameliorating the condition w1s to provide treatment
for the sck a palliative rather than 1 control measure

el

This was the position as late as 1936 when the publication of the remarkable
results achieved m South Afncanvillages by the spray hilling of adult mosquitoes
with pyrethrum insecticides 2t a moderate cost encouraged the hope that here at
last was a weapon which mught prove practicable for the control of malanan rural
India  Just at that time 2 comprchensive scheme of malana control was beng
Put into operation 1 Delhy urban area which covers about 75 square miles of
country  The quarters occupied by certamn selected communties of Government
employees loctted 1n particularly malanous secttans of this rea were regularhy
sprayed throughout the malana scason  The results were remarhably good and
' one set of quarters the malana rate was reduced to @ 4 per cent a figure of 45
BT cent bewng recorded 1 adjacent quarters which were left unsprayed  The
method was diately re ded for use throughout Indin for personnet such
s pohice, railwy forest or other government emplmyees and labour forces 10
outes mills and other mdustnal enterprises It was at first thought tht st

usefulness would be lumited to such conditions but 1n 1937 1t was tned s an
xpenmentad measure in t a ° a
extended to 1 number of .

tl;!pcnmrnl;\l work on the . :

"t of the Rockefeller Foundation Internatonal Health Duvision in certain yillges

n wuthern Incha dunng the peniod 1938 j1 The fint large scale routine

gi’p(! €on of this mesute 1n Indian villages was however earned out in Musore
ate
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When the Bombay State Malana Orgamzation was created m 1942, the
spray-killmg of adult mosquitoes with pyrethrum msecticide became an mportant
feature of the control programme 1n Kanara District  Early results in this area
were somewhat disappomnting, 1 © ¢ I | A ]
based on a senes of patient ress vt oy
malana rate  In September 1545, vy, it 0 ha DI
imported mto India for military purposes was made available to the Bombay
Malaria Orgamzation for field tnals  From then onwards the spray kiling of
mosquitoes with residual nsecticides became the mam feature of the campaign,
\Svhxch was progressively extended to cover the whole of the malarious parts of the

tate

In the same year a large-scale project was launched in Venezuela with the
object of eradicating malaria from the entire country by DD T residual spraying
and similar campaign was naugurated m British Guana  Since then, DDT
spraying projects have been carned out m Brazil Argentina, Bolwia, Pery,
Ecuador, Columbia and French and Dutch Gutana 1In the United States a
jomnt progrimme for eradicating malaria was also launched 1n 1g45, with the

result that the disease has now practicall ! Large
scale campargns are 1n progress in Italy Cyprus,
Greece, Maunitius  Ceylon, Thailand, t nd Iran,

as well as in India and Pakistan In all these projects spriyng with resdual
msecticides has been the chief and in many cases the sole, antimalana measure
employed

It 15 interesting to recall that the systematic destruction of adult mosqurtoes
was practised 1n the Panama Canal Zone as early as 1908, the first to use 1t being
W R Procter, a sanitary mspector It was done by negro labourers armed with
chloroform tubes and acetylene lamps  Mosquitoes were also caught in wire
gauze traps, placed over the windows These measures met with considerable
success 1n reducing the malana rate The destruction of hibernating adult
mosqurtoes by hand catching was also practised 1n Holland fiom 1920 onwards,
and 1n 1926 pyrethrum sprays were mtroduced for this purpose It was this work
in Holland, largely inspired by the msistence of § P James on the importance of
destroying the mfected mosquito and thus terrupting transmssion, which formed
the basis for the suceessful campargn in South Aftica alluded to above

CHEMOTHERAFY.

Dunng the first decnde of the penod under review the only drugs available
for the prophylaxis and treatment of malana were the cinghona alkalords, of which
the most commonly used was quinine It was customary to give the drug over an
extended pertod, beginning wath 20 to 30 grains daily for seven to ten days, this was
usually followed by a sumlar dose twice or thrice weekly for several weeks or even
months  Durning the first world war, quimine was given to the troops in Macedonja
n enorm ° = e
after the
relapse
of 1,350 gruns  Another, knOWn 4s 4 SICHBZING LUUL j wnvs va vy b
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of quuune orally plus 30 gramns mntramuscularly duly for 12 days, 6o grains orally
for two d1ys, and 2o gramns orally for the following two weeks, a totl of 1,180

ung
L 1

e ed between the two world wars, notably
those sponsored by the League of Nations Malana Commussion together with
expenience ganed duning the treatment of neurosyphilis with malana therapy,
resulted 1n the general adoption of comparatively short courses of treatment for
malana It was established that any dosage of quinme exceeding 30 gruns daly
not only farls to affect the course of the disease, but 13 also detimental to the health
of the patient, and that to extend the course beyond seven days has no effect on
the relapse rate

The evolution of the synthetic remedies now so largely used 1n the treatment
and prophylaxis of malana makes an interesting story Quinine 15 an effectine
drug for termnattng the chmeal attack 1n most malanal infections and 1t 1s doubtful
il any of the synthetic drugs now 1n use would have been developed had not the
Germans been deprived of all sources of quimine dunng the first world war It
was the necessity for finding an effective substrtute for quentne which msptred the
researches which fed to the synthesis first of plasmochin (pimaquin) and later of
atebnn (mepacnine)

Up 1o the tme when this work was planned, all attempts to synthesize quinme
had fuled, but Guttmann and Ehrlich, many years carlier had discovered that
methylene blue stamns, and, thercfore, pr bly p the malana parisite
and had observed some ab of chnical T n patients sufle from
nirae mfection to whom the dye had been adminustered  With these expenments in
mind, a team of German scientists embarked on a line of research which was destin-
od to have far reaching consequences  They introduced a basic side chun into the
formula of methylene blue, and found that onc of the resulung compounds had
considerable actiity agamst bird malana It scemed Ithely that the actnaty of
the quinohne  * . v * - »'% thentroduction
of a simir b 11n_the synthesis
of pmaquin, effcctne actien
aganst human malania parasites

Pamaquin w1s found to have a powerful destructive action on the gymetocytes
of Plasmodium falciparum, a property not possessed by any of the ainchona alhaloids,
znother quute unexpected develoy was the dei in Indin by Sinton
and Bird that when used in comjunction with quinine 1t ¢ffected a marked reduction
tn the relapse rate of reax malana  In certam respects however, pamaquin proved
unswtable s g therapeutic agent, chiefly by reason of its relanvely high tovaty
3nd the fact that 1t hs hittle action on the asexual erythrocy tc forms of P faleiparum

e Germans therefore, embarked on further studies, they attached the basic side
han which had been evolved for pmaquin to other heterocvclie nucler, and
faally, 1n 1930, produced the acndine compound mepacrine

Mepacnne proved to have a powerful destructne action on the asexual
::\‘d‘mqﬂc forms of all species of human malana parwite It possesses all the
m:,":;‘“"" properites of quinine, and agamst some strains of P Jalaparum 1t
el erably more actine It has, however, the disadvantige of turmng the shin
yellow and’of produaing 1 certain indiiduals undesirable side-effects
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When the Bombay State Malaria Orgamization was created 1 1942, the
spray-killing of adult mosquitoes with pyrethrum 1nsecticide became an smportant
feature of the control programme 1n Kanara Distnict  Farly results m this area

mmported nto India for military purposes was made avalable to the Bombay

Malana Orgamzation for field tnals  From then onwards the spray-kilng of
mosquitoes with restdual nsecticides became the main feature of the campaign,

ghlch was progressively extended to cover the whole of the malarious parts of the
tate

In the same year a large-scale project was launched in Venezuela with the
object of eradicating malana from the entire country by D D T residual spraying,
and simlar campaign was 1naugurated in Bntish Guana  Since then, DDT
spraying projects have been carmed out in Brazl, Argentina, Bolvia, Peru,
Ecuador, Columbra and French and Dutch Guiana In the Umted States 2
jomnt programme for eradicating malaria was also launched i 1945, with the
result that the disease has now practically ceased to exist 1n that country Large
scale campaigns are 1n progress n Italy (mcluding Siatly and Sardinia), Cyprus
Greece, Maunts, Ceylon, Thailand, the Phihippmes, Borneo, Iraq and Iran,
as well as i India and Pakistan In all these projects spraying with residual
nsecticades has been the chief and 1n many cases the sole, antimalana measure
employed

It 15 mteresting to recall that the systematic destruction of adult mosquitoes
was practised 1n the Panama Canal Zone as early as 1908, the first to use 1t bemg
W R Procter, a sanitary mspector It was done by negro labourers armed with
chloroform tubes and acetylene lamps  Mosquitoes were also caught in wire
gauze traps, placed over the windows These met with derabl
success i reducing the malana rate  The destruction of hibernating adult
mosquitoes by hind-catching was also practised in Holland from 1920 onwards,
and i 1926 pyrethrum sprays were introduced for this purpose It was this work
n Holland, largely ispired by the insistence of S P James on the importance of
destroying the nfected mosquito and thus interrupting transmusston, which formed
the basis for the successful campaign 1n South Africa alluded to above

CHEMOTHERAPY.

Duning the first decade of the period under review the only drugs available
for the prophylaxis and treatment of malana were the cinghona alkaloids, of which
the most commonly used was qumine It was customary to give the drug over an
extended period, begmming with 20 to 30 gramns daily for seven to ten days, this was

usually followed by a similar dose twice or thrice weekly for several weeks or even
- rr 1

months

m enormr ds
after the of
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of qunine orally plus 30 grains intramuscularly daily for 12 days, 60 grams orally
for two days, and 20 gramns orally for the following two weeks, a total of 1,180
gramns

e d d between the two world wars, notably
those sponsored by the League of Natons Malania Commussion, together with
experience gained during the treatment of neurosyphilis with malana therapy,
resulted 1n the general adoption of comparatively short courses of treatment for
malana It was established that any dosage of quimine exceeding 30 grans daily
not only fails to affect the course of the disease, but 1s also detrimental to the health
of the patient, and that to extend the course beyond seven days has no effect on
the relapse rate

The evolution of the synthetic remedtes now so largely used 1n the treatment
and prophylaxis of malana makes an mteresting story Qumnine 15 an effective
drug for termunating the chnrcal attack 1n most malanal ifections, and 1t 15 doubtful
if any of the synthetic drugs now m use would have been developed had not the
Germans beert deprived of all sources of quuune during the first world war It
was the necessity for finding an effecuve substitute for quimne which inspired the
researches which led to the synthesis first of plasmochin (pamaquin) and Jater of
atebrin (mepacrine)

Up to the time when this work was planned, all attempts to synthesize quinine
had faled, but Guttmann and Ehrlich, many years eatler, had discovered that
math Tana 1 o oo etrates, the malatia parasite

15 1n patents suffering from
‘With these expeniments 1n
"gnd 2team of German scientists embarked on a hne of research which was destin
ot e - -

4gamst human malana parasttes '

Pamaquin was found to have a powerful destructive action on the gametocytes
of Plasmodium felesparum, a property not p d by any of the h [kalo:d:
2nother quate unexpected development was the demonstration in India by Sinton
#nd Bird that when used 1 comunction with quinine 1t effected a marked reduction
i the relapse rate of zizax malaria  In certan respects, however, pamaguin proved
unsuitable as a therapeutic agent, chuefly by reason of its relatwely high towicity
20d the fact that 1t has httle action on the asexual erythrocytic forms of P falciparum

he Germans, therefore, embarked on further studies, they attached the basic side
chamn which had been evolved for pamaquin to other heterocychic nucles, and
nally, 1 1930, produced the acndime compound mepacrine

ervg epacnne proved to have a powerful destructive action on the asexual
a‘r'l};ll‘nmcym: forms of all species of buman malara parasite It possesses all the
i nlsn:lalanal properties of quinine, and agamst some strains of P falctparum 1t 15
elll erably more active It has, however, the disadvantage of turmng the shin
Yellow and’of producing sn certain 1ndividuals undearable side-effects
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After preliminary tests on patientss ndarmn ~e—al — r -
and later i England, pamaqun and
sertes of field tmals under the auspice '
afforded clear and decistve proof of the ngh suppressive action of mepacnne i all
forms of human malara, though some uncertainty remamed as to the possible
harmful effects of long continued ad ratton ~ When Ind fell to the
Japanese m 1942, thus cutting off the supply of quimne to the Alltes, steps were
immediately taken to manufacture mepacrine mn large quantities m both Great
Britam and i the Umted States Mepacnine prophylaxis was rigidly enforced
among the Allied troops operating 1n the South west Pactfic and South east Asa
Commands This measure resulted m effective control of malaria in both areas and
played an important part m achteving final victory

The German programme of research on synthetic antimalanials had not
ceased with the production of mepacrine They continued themr 1m estigations
with the object of producing a drug with the same antimalanal properties but
without 1its disadvantages Removal of the methoxy-bearing nng from the
mepacrine molecule gave nse to resochin (chloroquine), a member of the
4-aminoq line group of p ds  Prel, ry tests of this drug on a small
senies of patients i a mental hospital 1n Germany were 1nterpreted as indicating
a considerable degree of toxiaity, and further reserrch was undertaken to
counteract this supposed defect.

The second world war broke out while this work was still 1n progress and as
field tests of the 4 aminogmnolines were as yet incomplete, the Germans adopted
mepacnne as the standard antimalartal drug for thetr troops  After the occupation
of France supplies of chloroquine and of an allied compound, sontoguine, Were
made available to the French authontics for tests 1n North Africa, when this area
was occupted by the Alles, stocks of these fell into the hands of the Amencans, who
were already engaged 1n a gigantic research programme n which more than 14 000
compounds were eventually tested for antimalanal activity

The Americans found that the early German tests of chloroquine had created
an exaggerated picture of 1ts toxicity, they also found 1t superior to sontoquine as
an anumalanal drug It had the advantage over mepacnine of not causing
discoloration of the skin, 1t was found to be 1n some respects more active than
the latter drug and less ltkely to produce unpleasint side effects It was not used
to any great extent during the second world war, but was soon afterwards adopted
as the standard antimalarial drug for the United States Army Two other
g-amnoquinolines, amodiaquine {camoquin) and hydroxychloroquine (plaqueml),
have simlar properties and are claimed o be equally effective

During the latter hall of the second world war, Butish chemusts, adopting
a new line of approach produced a b 1 pound, proguaml {paludrine)
which proved to have remarkable antimalanal properttes This drug acts on the
pre erythrocytic forms of P falasparum, and s therefore, a causal prophylactuc of
fection due to this speaies of parasite, 18 15 2 good suppressive against all forms of
malana, 1t inhibits the late sporogonic forms of the parasite, so that mosquitocs
feeding on a gametocyte carner receving therapeutic doses of the drug do not
become wnfective, 1t has a Jower toxicity than any other antimalanal drug known,
and 1t can be produced at very Jow cost Its action on the asexual erythrocylic
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orms of the malaria parasite 1s not suffictently rapid to render 1t suitable for
reatment of the clinical attack and 1ts prinaapal use 15 1n prophylaxis  Proguanil
12s been used very extensively for this purpose among troops and cviltan popula
tons 1 Malaya and other parts of the Commonwealth during the post war years
nth excellent results

More recently another antimalanal drug of importance has been placed
n the market This 15 pynmethamene (Daraprim) a member of the danuno
oyndine group It was synthesized in the United States though many of the

kely to be 1n prophylaxis It 15 active 1n very small doses and can be produced
it relatively low cost

Proguanil and pynmethamme share one grave disadvantage namely a
endency to provoke resistance in parasites subjected to prolonged contact with
ther drug 1n sub therapeutic dosage  Cross ressstance between the two drugs
1s also been demonstrated It 15 not possible to forecast at this stage how far this
shenomenon will affect their future use  Fortunately no such tendency has yet
»een observed 1 respect of either chloroquine diaq; hydroxychlorog
nepacrine or quinine

Another 1mportant new anttmalanal drug developed 1n the Umted States
s pnmaquine one of the 8 aminoquinoline series  The rescarches which led to
s production were mspired by the urgent need for preventing relapses of zax
nalana i trocops returning from Korea It 15 claimed that the maximum
olerated dose of primaquine is twice as high as that of pamaqum and that 1t 1s
our times as active as the latter drug in the radical cure of zzax malania  Since
ts adoption as a routine method of treatment the relapse rate among the
Jruted States personnel returning from Korea has fallen to less than one per cent

COMMENT

No student of malariology can fail to be impressed by the profound mfluence
xerted by the exigencies of war on the development of malana control measures
unng the past 40 years

The greatest advance m the conduct of antimosquito measures during this
sertod was the introduction of DDT  This compound had been synthesized as
arly 25 1874 but 1s msecncidal properties were not discovered until 1939 when
* 155 chemusts were searching for a chermcal which would destroy clothes moths
ODT was first used on a large scale in the carly years of the second world war
gainst the Golorado beetle which threatened the Swiss potato crop at a time
tien military considerations had made the preservation of all foodstuffs of the
Umost importance The necd for a synthetic msecticide has been intensified by
ke shortage of pyrethrum  the bulk of which was then grown i Dalmatia_and
2P0 and i 1942 DDT was made avarlable to the mibitary authorities 1n Great
;ltam and 1n the United States It was used wath great effect for the prevention
o typhus dunng the Itahan campaign and later 1n the war it was employed on a

TN
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large scale by the military authorities for the destruction of mosquitoes and other
msect vectors of disease  Although D DT was already 1n existence when the war
broke out, the researches which demonstrated its possibilities s an agent for
malana control were mspired directly by military considerations

Wartime conditions had an even greater nfluence on the development of
synthetic antimalarial drugs than on that of residual mnsecticides  As noted above
1t was the fact that they had been deprived of the sources of quimine dunng the
first world war which mspired the German researches which culminated m the
production of pamaquin and mepacrine  Chloroquine was evolved as a further
development of the same line of research and 1ts outstanding properties as an
antimalaral drug were demonstrated by the Amencans in the course of thar
wartime research programme The mvestigations which led to the productionof
proguanil were begun because the Allies 1n their turn were cut off from sources
of qunine when the Japanese occupted Indonesia  Finally, as already moted
primaquime was produced 1n an attempt to evolve a safe substitute for pamaquin
for the treatment of personnel returning from the Korean battlefront

Thus the wars which have devastated the world during the past 40 years
have had at least one beneficial effect, 1n that they have stimulated the development
of synthetic msectiades and drugs which brd fair to rob malana of most of its terrors
and perhaps even to lead to its eventual eradication from the globe
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THE NATIONAL MALARIA CONTROL PROGRAMME
OF INDIA

A Review.
BY
B ANANTHASWAMY RAO
(Deputy Director, Malang Institute of India, Delln )
(September 12 1955 )

INTRODUCTION

AWARENESs of the enormuty of the problem of malana, both from the public
health and the socto-economic pomts of view, has existed tn India through several
decades Indeed, at had been repeatedly demonstrated for over two decades n
different States that 1t was feasble to control and prevent malana efficiently
and urban malana even economucally The social and ecomomic betterment of
commumties 1n whom the malania was controlled, was only too obvious  Between
1946 and 1953, several States had carried out large scale successful antimalana
programmes with indoor residual spray of DD T 1n the rural areas At the close
of the financial year 1952-1953, about 30 mullion people out of an estimated 200
million exposed to the sk of malana, were beng protected from the disease at an
annual cost of 15 mullion rupees (Jaswant Singh, 1953)

The need for and the feasibility of a national programme for malaria control
had been visualized as early as 1946 when the Health Survey and Development
Comumttee recommended a mation wide effort It was, however, 1n 1952 that a
plan was formulated as a part of the health development programme of the first
ive Year Plan for the country The Indo-American aid made 1t possible to
faunch this first national health drve

THE PLAN
.

Extensive knowledge of malana and methods of its control under widely
iffern d )! 1 d lving several vectors, was a great help
1n the formulation of the Plan  Although based on certain assumptions dependent
on the data avalable, 1t was dynamic, capable of modifications as and when

(313)
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necessary  The planis techmecally sound and hashad necessanly to be an expen
ment I so far as its admimstration, orgamzation and execution are concerned

<

1
Programme of India remams to date umque and the biggest in the world It

15 proposed to review this programme In retrospect and prospect after three years
of execution

Based on the assumption that 200 mllion people of the country’s population
are exposed to the risk of malana (with an estmated annual morbidity of 75
millon and mortality of o 8 million), the plan was drawn with a defined objective
to protect the entire population at nsk from further nfection The emphasis
of the plan would m retrospect appear to be mamly rural malana control

The method of malana control provided was to intercept the transmission

- ' al insecticides 1n the dwellings (75 per cent

¢ or twice and rarely three times a year

total dosage of 200 mg of techmcal DD'T

N N For over all calculation, an average house

was reckoned to have one thousand sq ft of indoor surface to be sprayed  Each
house was reckoned to have a population of five

The plan envisaged an operational phase of three years and a mamtenance
phase thereafter The financial mmphcation of the plan during the years of the
operational phase was estimated at Rs 1 505 lakh  The major part of this, namely,
Rs 772 7 lakh, was to be Amencan ad 1n Jind (transport, equipment, DD T),
while the Government of Indra was to contribute Rs 227 3 lakh for the expansion
of Malana Insutute of India and the prowviston of antimalana drugs, locally
produced 1nsecticides and customs duty on matenal comng from abroad The
United Nations International Children’ Emergency Fund gave Rs 15 lakh worth
DDT The State Governments’ contributton was esimated to Rs 4go lakh to
cover the salanes of the staff employed and running expenses

The plan provided for the protectton of 125 mllions only out of the 200
mullions esimated to be at risk  The umplementation of the programme was to be
phased to set up the required orgamzation w the different States for the protection
of 75 rmllions 1n the first year of the plan and the full 125 mullions_during the
second and third years  Thereafter, 1t was expected that the tempo of the control
operations would ‘be scaled down to the mamntenance phase It will be seen later
that some changes from the ongual plaaming had to be made, cvent within &
first three years

RESPONSIBILITIES R

Drrection, co ordimation, over all supervision, tramning of staff, procurement
and supply of equipment, transport an des and final were
allocated s central responsibilities to be discharged by the Malana Institute of
India The States were to be responsible for the recrustment of staff, executon
of the programme, immediate supervision and concurrent assessment of results
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Inaccordance with the Constitution, Public Health being a State resporsibihity,
it was necessary to arculate the plan and inwite the concurrence of the
States to particapate 1n the national effort Each umt of the National Malana
Control Programme was designed to protect a populatton of one rmillion and the
States were requested to indicate the total number of units required to cover all
the malanous areas 1 each, and the number they could support It was fully

' " el L) 1

orgamzation as quickly as posstble
IMPLEMENTATION

Saturday, December 13 1952, will be remembered as a landmark 1 the
Iuistory of malaria control 1 Indir when the relevant operational agreement
was signed 1n New Delhi, between India and the United States of Amenca
That agreement made 1t possible to equip and provide msecticides transport and
tquipment for 75 units 1n 1953-1954, each umt protecting one mthon population
It was found necessary, however, by a second agreement in the same year to
pronde for 15 addrtional umts, bringing the total for the first year to go  This
addiion was made possible by the free grant of 400 tons of DD T by the United
Nations International Children Lmergency Fund In March, 1954, as a result

) for 35 more units,
\d to 136 to protect
N N been ncreased to

162 by allocating addstional 26 umits during 1955 1956

It would thus be seen that out of an onginal estimate of population at nisk,
namely 200 mllion, there stil remam 38 mmllions requiring protection

Despite the fact that all details of planning and logistics of supphes, etc,
r:rc given due consideration, there were some mewitable birth p‘a.rms —'I’ghapf

bottle necks of rail and ? vr T e
tme for the transport, ind
destnations where they o

willingness of all concert
Some Government policy decisions and procedural formaliies resulted 1n
the supply of a few atems of transport and equipment not switable for use under
the vaned field conditions 1n the country  The truchs, for example, were found
1o be too large for being mampulated underneath overhead railway bndges, etc
& € power sprayers were found to be unusable due to their huge size  These
ficutties were freely ciscussed at a conference of field workers and were got
over by local mitiative and rectified 1 subsequent procurement
The msecucide formulation (75 per cent water dispersible powder) recetved

from Amenca was from difforent manufacturers in that country In addition, the
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periods of storage and transit for vanous consignments were different from one
another  When the first complaint was recerved about the difficulty of obtaimng
2 good water suspenston out of a batch of mnsecticide receved 1 the country 1t
became necesary to mspect and test every consignment of insectiade recerved at
the different ports before distnbuting them to the vanous States Simple devices
for testing of the msecucide formulations, as well as for rendering them sustable
where found to be wanting in the required specifications, were quickly developed
with the full cooperation of the U S Techmical Cooperation Misston to India

BOTTLE NECKS

There was imtial delay mn the recrmtment of staff both i the Centre and
n the States on account of procedural formahties The latter have also been
responsible for long delays in procurement of supplies It 1s fime that necessary
action was taken to see that such bojtle necksare notallowed to interfere with the
scheduled 1mplementation of an emergency programme like the Nattonal Malana
Control Programme

ACHIEVEMENTS

The traming of Malarta Medical Officers and ancillary personnel required,
was provided 1 the plan, and the staff and facihities 1n the Malana Institute of
India were suitably expanded to meet this obligation Seventy five medical
officers, six entomologists, 402 malara mspectors, 14 engineers and 21 laboratory
techmcians have been tramed from 1953 onwards at the Malana Institute of
India  The latter 15 fully equipped to meet all the future tramming requirements
of the personnel

To ensure umformuty of methods of control, assessment and accountng 1
was quickly realized that an operational gwide was necessary  This was prepared
with ‘due regard to the divergent conditions of endemuaty, vectorial behaviour,
population density, tra pertod, 1onsand a host of other factors
The document was deliberately called a ¢ Gude® with the full knowledge that
modifications would be necessary from time to time nd place to place, to avoid
harmful regimentation and provide full scope for mdividual mnative A second
editton 15 already 1n the press

A detailed assessment of results 15 being done but the over all picture reveals
progress The results, however, are not, and could not in their nature be expected
to be umform everywhere The quality and extent of control established with
the 1pauguration of the National Malana Control Programme has vaned from
State to State, being more intenstve in the State  Leme malar a cnntenl anarat ang
had been well estabhished prior to the nationa
less 1n the States where an orgamzation had to
of the national plan A few States which had a good nucleus of malana organiza
tion prior to the plan, have, however, not advanced to the degree and extent
possible dunng the plan  One among several reasons for this state of affairs
appears to be a confhict m 1deology and policies pursued by State Governments
with reference to partcipation on voluntary basis of local people 1n developmental
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plans 1n general  Such voluntary participation m a malana control programme
bas some obvious limitations

To achieve successful control 1n the entire country (or even a State) 1t 15
essential to spray all the houses 1n malarious areas for the requisite number of times
within as short a period as posstble  The time interval between sprayings as well
as the spraying periods are governed to a great extent, among other factors, by the
penods of the year when malana transmussion actually occurs  Experience has
shown that nexther of the above conditions can be effectively satisfied by utilizaing
voluntary labour which 1s not amenable to any kind of control

At the time of mception of the plan, there was no agency to manuficture
standard spraying equipment in the country and all such equipment had, therefore
10 be imported  In pursuance of a general pohcy local industry was stimulated
10 mterest themselves n the fz of thiy equip: Full use was made
of a speciabst 1n the line, made available to the Institute by The Rochefeller
Foundation to draw up a set of standard speaifications based on the World Health
O general sp tons for sprayers, to swt local couditions The
mndustry 1n the country has 1n the course of two years been able to produce standard
equpment in_sufficient number to avoid the necesuty of importing this 1tem
altogether  Bestdes, the casy availability of much needed spares has helped
constderably 1n the smooth working of the programme

The production of insecticides locally dumng the plan penod to make
the country as nearly self suffictent as possible, by mobilizing both public and
prvate sectors 1n the country, has progressed satisfactonly One DDT plant
tstablished 1 Delht as a jomt project by UNTCEF /W H O [Government of
ndha has gone 1mnto production with an annual capacity of 700 tons and a second
glant Is proposed to be set up 1n the south with a capacity of 1,400 tons  Steps
ave already been taken to double the capaaty of the Delln plant The private
seetor 15 producng B H G and 1t 15 expected that an equivalent of nearly 1,500 tons
ofDDT would be avarlable

ANALYSIS OF RESULTS

The data recewved from the umts i the monthly reports for the year 1953 1954
2ad 1954 1955 are under compulation and analysis  Appendrces I, 1I and I
gve (1) the population protected and D DT consumed, (2) the malana mdices,
and (3) the morhidity figures
Appendix I 15 prepared on the basis of the largest number of houses sprayed
10 any one tound of spraymg durnng the transmussion period and assumung the
l;mniber of people per house as five The recommcndedr dosage of }E)Dg‘
Phlication lications of 100 mg eacl n
theplm.s oft‘l:c?s? mg per square foot in_two appheal 100 mg each ~On
¢ possible to Pre
humber of person
Square surface of
ot given 3 200 mg dosage during the transmission season each ycar andgjor it
the number of persons per house 1s more or less than five per house as assumed
It would, therefore, be necessary to make allowances for these vanauons when
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mterpreting the data presented in the table It would be seen that agamnst 2
“minimum of 38 persons protected per b 1n Coorg, the maximum 15 21 §1n
Manipur m 1953 54 and corresponding figures for 1954 55 are 34 and 133 m
Coorg and Mampur respectively

Appendx I1 indicates a general trend towards lowering of the malariometne
ndices 1 most of the States There are, however, a few States hke Madhya
Bharat, Tripura and Uttar Pradesh, where there 15 a reverse trend There i
also a suggestion that some unuts m ' the States of Bombay, Mysore, and Coorg
have reached the end pomt of malaria transnussion

Appendix IIT presents comparative morbidity rates As indicated therem
the difference 1n the number of malana cases reported from the dispensaries in the
unit areas for the two years 1s muluphed by ten to arnve at the total reduction m
the number of malaria’ cases in the areas controlled mn each State  Thus estumate
1s based on the data presented by Sinton (1939)

Tt will be seen that there has been a fall of nearly 19 4 mllion malana cases
In 1954 1955 as compared to 1953 1954 It would appear that on the bsis of
three days sickness per case and a daly wage of Rs 2/ the amount of money
saved would be nearly 11 64 crores of rupees very nearly the sum expected to
be spent on the programme for the three year pertod

The data presented 1n Appendices 11 and 111 indicate only general trends
Statistical analysis will be attempted later when complete reports have been
recerved and compiled

COSTS

1933-54 pLIE S 1955-56
Rs Rs Rs

|

Expend ture by the Centre on equ pment and

mater al for the var pus unts customs dutv

and expans on of the Malara Instt te of
a

" 1760 569° | 30149 113 | 30048 000%

0

(budges)
Total ! 32608739} 42617 475J 508 49 000
I Total Rs 1°60 75 lakhs

Expend ture by the States ) 11348147 ) 1748830 19501000

*Revised budget 25 ant ¢ pated

APPRAISAL OF THE SITUATION

The appraisal of the progress of the plan has necessanl‘y to be agamnst the

bachgrout LIRS AT ad  ThS aeling
r

plan has l:d

execution

above, have been encountered and most of them have been surmounted h:r:y

now be appropnate to review the ongmal objectives, targets and orgamzation
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partcntarly for assessment of results and future policy mn respect of some of the
States not comng up to expected standard
At the time when the N M G P was planned the factor of anopheline vectors
developing resistance to nsecticides had not assumed the rmportance 1t has within
the last year or two  Insect resistance to insecticide was certamly known but
observations at that time appeared to indicate that the danger of resistance in
anophelines was not so immunent as m the case of other insects which had a lower
degree of natural susceptibility to msecticrdes But recent studies indicate that
the danger 1s real  The time taken b helines to develop requires
to be determmed It would probably vary from species to species and a number
of factors ke dosage of msecucide and 1ts detenoration etc  will affect 1t In
the arcumstances if malana 1s ¢ controlled witlun the time (actually eradicated
' usly then and then
thus possibly avord
in use  Thus 1t 15
seen that the time factor has assumed considerable importance ~ Once the resistance
henomenon 15 allowed to develop, the problem of rural malama control with
insecticides synthesised with chlonne, may become impracticable It 15 because
of this factor that we have to re examine our original objectives and targets
and modify them where necessary to swit present day concepts
The % £ 1e 2 - 0m 2 provide protection from
The scope of the plan
sut 750 lakh (75 mulhon)
R 1955 In selectng this
population out of the 200 mullion preference was to be given to those hving mn
byperendemuc areas the potential food growing areas and for those Lvmng 1n
€ommunity project areas within them The concept of eradication will nvolve
the mclusion 1n the programme of all the areas even those of very low endemicity,
and the States which have left out areas with spleen rates less than ten per cent
w the onginal planning will have to reconsider their requirements

As i - =1 t‘ase was hmited
to three ye the expenence
elsewhere sary to extend

1t by an addttional peniod of two years so as to continue the tull control aperations
for a period of at least five years' The pomt to consider now would appear to be
whether this additional penod of two years followed by the necessary mamtenance
penod would be sufficient to achieve malaria eradicaton?  If eradication 1s to
the goal then ensurement of 1ts achievement everywhere or at least in large
ontiguous areas, 15 of paramount mportance This will require a very careful
and conty uring the enod after the end pomt 1s
teached and wall largely depend on the cahibre and application of the vigilance
Staff m the umts
The 1ndices to d the act of erad *have necessanly
19 be more sensitive than the ones we adopt at present to assess malana control
They wall 1 all probability consume mfimtely more tme and involve greater
Spenditure i beng determined  One tmportant essential factor o this
onnection will be a thorough search for every new case of malana On this will
“Pend the rest of the prd s I venficaton an to
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eradicate the focus It will require mtensive study to evolve quickly a smtable
organization for spotting new cases and their microscopical vertfication

It has been indicated that each umt of the Natonal Malana Contrel
Programme was designed to afford protection to one million population  Ths has
been found to be feasible only under certamn conditions of population densiy,
commumcations, etc  There are, however, areas where population 1 scarce and
commumcations scanty, i1 which circumstances the units are unable to cover
much more than nearly half a mullion It may, therefore, be a more accurate
overall estimate to place the target at 800,000 per unit on an average

The mam emphasis of the National Malaria Control Programme was on
malania control 1n the rural areas With large rural areas under control
and the conception of eradication having come n the fore-front, the problem of
urban malana has taken on a new urgency  In the hight of experience and repeated
demonstration 1n this country and elsewhere, urban malana control should, if
feasible, be based largely on permanent engineering measures Such measures
are not only more economucal than the measures sutted to control malana i the
rural areas but also take care of general mosquito nuisance Where there are
other mosquito borne diseases, indeed, the permanent engineerng measures are
the ones of choce 1 their prevention, the second choice being given to recurrent

anti-larval To the ad rators and the public, the National Malana
Control Programme would appear to have come to mean the spraymng of D D;I'
Sorn eathe
L
SUPERVISION

It has been pointed out that the pace at which control has been established
has been greater in some States than mn others It has also been indicated that
such progress has not been umform even n some of the States that had considesable
experience and staff for malara control prior to the advent of the plan  In the
States where there was little or no organization to control malaria prior to the
plan, perhaps 1t was to be expected that the A ¢
the above, 1t would appear necessary now to
for greater supervision where necessary  In
centres and utiizing the highly trained and experienced personnel, both at the
Centre and the States, to staff such centres, seems essential to achuieve the objectives
i full during the second Five Year Plan

RESEARCH

It has begn said that a unique contnibution to science by America hies 1n
making rescarch a carcer and a normal avocation The realization that research
15 not something that 1s mystic, and should be pursued 1n exclusive laboratones by
only a few who are removed from conditions in the field, does not yet seem to have
pervaded this country, at least not widely enough among practicat malanologists
The problems to be solved are many, 1t 15 the field malarologist that comes across
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the problem at first hand It 1s he that most requires 2 solution to each problem
sentific lines Many of the problems of
by work 1 the field and would be

Apumber of research projects covening the different aspects of the epidems
ology and control are in progress The vectors of malana 1n some areas like
Tnpura, Mampur, Vindhya Pradesh, Madhya Bharat, have been incriminated
The msectirdal properties of the newer synthetic insecticides and the best matenal
as also the most economical dosages of application, are under continuous study
The normal susceptibihty to DD'T of the different malana vector species and
ther present status after different perods of exposure to DD T, are currently
under detalled investigation A technique for working with lower pressures i the
spraying equipment has been developed

Perhaps the single most important problem of the day 1s insect resistance to
msectade  The study of the problem requires planming, defimition of objectives
and pronties—a tremendous amount of work It requires no prophet to say that
postponement of this phase of activity wall be fatal to the cause of malana control
Tore " 'Y amed

ly to tachle
. are to be
explotted before 1t 15 too late

PUBLICITY

It 15 a sad reflection that the progress of health activities i the country,
Bof to mention the National Malana Control Programme m particular, did not
Tecewve adequate publicity in the feature articles commemorating exghth year of
fieedom  The reason for this must be sought Is 1t because that the National
Mafara Control Programme 1s not sufficiently known to the people and the
admnstrators?  And yet in other contexts it has been stated times out of number
that the National Malana Controt Programme 15 one of the very few health
Programmes under the National Plan that has made good progress and one of the
very few projects 1n the entire plan whose benefits have been within the reach of
0 average houscholder The results achieved by the National Malara Control
rograntme thus far are concrete and not imagnary or theoretical Tt would
appear that the people and the admmstrators have not yet felt the tremendous
actvity with regard to preventron of malana that 13 1 progress wn the country
OF 4 scale unprecedented anywhere 1n the world ~ The necessity to get the people
nd the adminsstrators to feel the progress and take 2 live mterest, seems only
obvious Publicity Like everything else has to be planned and organized to be
effectve .
PUBLIC PARTICIPATION

Tt 2 suffcien le that success 1n any large undertalang
. ¥ recogaized prnciple uvity The more active the public
lertaking  This principle has been
at then 1s the pracucal feasibility of
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public participation 1 the National Malaria Control Programme?® It would
appear to he in the field of active coaperation with the duties of those who are
trained employed and paid to carry out certamn functions for protecting the publ ¢
from malania ~ Such cooperation can only be obtamned by education of the peaple
1n the rauonale of the activittes

A techmque to carry the people all the way with the progress 1s to organ ze
malana committees compnsing representative members who wall from time to time
meet to take stock of the situation progress difficulties and obstacles and take steps
to overcome them - Such commnttees formed at all levels hke the panchayat

Arpenpix I
Number of houses sprayed population protected and the number protected per Ih of DD T

\

1909-54 192435
Numberof| DDT | Number Number of | DD T [Numbe

AR o B L

atleast protected |51 of | at least protected oo Jp of
[ once (1bs) DD once | (tbs) DDT
‘Amer I 1481| 388% | o1°%05] 54 | 670%0] 6 60 33.400) 51
Bhopal 88574 | °1867 5| 417870 | 20 ° | 183074 103005 | 91530 88
B har 205910 | 87010 | 1976050 | 146 | 1502587 7789 | 96 93] 10°
Bombay 39 999 | 1638660 16261995 | © 9 | 3486390 | 1676510 17431995) 103
Coorg 30479 | 51493 197395 38 | 38601] s7015( 194005 34
Urban 63304 | 88757 | 316770 81 | Wo657| 533 | sl8°8s| 89
Delt }Rural 261% | 73118 30600 | 38 ocr3| ev0r1| smysce| 33
Hmachal Pradesh| 31417 19999 | 157085| 78 | 160507 79133 80o535| 50
kutch 43 3°8 4341 216 640 89 69 387 3407 346 933 101
MadhyaBharat | 35733 | 108077 | 1178690 | 60 | °73446 | ©8336¢ |13¢7o0 | 48
Madhya Pradesh | 1487740 | 491871 | 7438795 | 164 | 15389%9 | 633650 7704810 114
Man pur 31461 79| 17%5| 19 | 685 | os950| 33 510) 133
Mysore 63743 | 3670963437100 93 | 63.69] 67375 (31810 5°
0 wa 310967 | 03895 | 1534835 | 76 |168°°7 | 4613035 er3ce) 114
Punjab 14074 | 08 34" [ 1070 370 51 54434° | 610307 [°7 1710 44
PEPSU 159157 79| a78s) 100 | 09056 +»699° |zoss7s0 | 9
Tr pura orgos | vses| mrmo] 185 | 1087 | em| sossssi 10l
Uttar Pradesh 150584 | 48413 7179 | 160 | 2087°4| °39703 1915800 79
West Bengal 2718430 | 1118167 13599150 | 1° 1 | 3151080 [ 1481450 15009945 107
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Arpenpix 1L

Spleen rate, parasite rate and wnfant parasite rate in different Siates in Indra

192354 1904-55
State Spleen | Parasite | Infant  Spleen | Parate | Intant
rate rate [parasterate  rate rate  |parasite ran
(per cent) | {per cent) | (per cent)  (per eent) | (per cenot | (per cent
Andhea 2040275 | 8372 | 10713 150296 | 1497 | 568
Bibar 1094596 | 957168 12396 | 0213 | vopss
Bombay 00/207 | 00/97 | 00/88 00{40 | 00/100 i 00/13~
Coorg o 02 o o 0 02 o o
Delhe }Urban 018 o [ 0 06 o ‘ ]

Rura! 130 01 n 0 80 0 ‘ o
Hyderahad 39210 06306 | 0 100 | 0672 014
Rutch 64 134 41 58
Madbya Bharat 78/266 | 147/230 145256 | 990187
Madhya Pradesh 66/619 0287 64419 0/32¢ 017 §
Manipur a3z 15 71 o las
Mysore ofize | onso | of51 12/134 | 0150 | 003
Orsta 399415 ] 16/19 | 38933 207273 04T O
Punjaby 7148 0/06 33/90 | 0173 g o8
PEPSU 7578 | o021 | 0 0525 | © 0
Saurashtra 221 o8 o : 1 05 [
Travancore Cochin 192 71 o 106 14 o
Trpurs 558 171 ue 611 216 [EN1
Uttar Pragesh 524 9 06/155 | 0/142 us2es| 150 loomag
Vindhya Pradesh 187/218 79/164 ‘ I
West Bengal 53/6t 1 tamol 1 ‘ ‘

o ~3ix purposes o1 conciseness, fhe spleen parasite and irlant parusn Ty e
Presenced as ranges

i i each State The numerator in cach instance represents the Jowest rate
© denomumator the hughest amongst the diffcrent units i operation n each State
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public participation in the National Malana Control Programme? It would
appear to lie 1n the field of active cooperation with the duttes of those who are
tramed employed and pasd to carry out certamn functions for protecting the public
from malana  Such cooperation can only be obtaned by education of the people
1 the ranonale of the activities

A techmque to carry the people all the way with the progress 1s to orgamze
mafaria commuittees comprising representative members who will from time to ime
meet to take stock of the situation progress difficulties and obstacles and take steps
to overcome them Such commuttees formed at all levels ike the panchayat
municipal district, State regional and national levels would help to keep the plan
ahive and bring home to the people the full reahization of the possibilinies of 2 nation
free from such a cnippling disease as malana

AppENDIX T
Number of houses sprayed population protected and the number protected per Ib of DD T

1953 54 ! 1954-5
Numberof| DDT | |Number [Numberof| DDT \umbe
Suate | bowe | oy [Popu stonfof PECEE bouses | con | pgpular an o PG
at least protec ed oo lh of| at least protected [per 1y of
once (ibs) DD once {lbs) DDT
Aymer | 47 481 388 6 212 405 54 67 080 60 610 335 400 —ﬁld_
Bhopal \ 88 74| 18675 447 870 og 2 183074 103 065 915 370 88
B har 735 210 87040 | 1°76050 46 159° 587 7789 | 796°035( 16°
Bombay 372 999 [ 1638 660 |16 764 995 90 [3486399(167654° 174319951 103
Coorg 39479 514°8 | 197395 38 38801 5701a | 194005 | 34
Urban 63 354 98 75% 316770 81 105 657 03 3° 518 98a 98
Delh }Rural 58 170 73 118 290 600 38 70 673 99 071 337 36a 35
H macha] Pradesh 31417 19 899 157 085 78 160 507 79 133 807 53 50
Rutch 433 8 4 341 216 640 89 09 387 31 0°° 316 935 01
l\hdhyA Bharat 235738 196 077 | 1 178 690 80 *73 440 783 364 | 1367 30 48
Madhya Pradesh | 1 487 45 4 18°1)74387% 16 4 15580 2 633 655 | 7704 810 m4
Man pur 3161 790 17305 ] 1 9 66 507 2490 33° 510 133
Mysore 63743 367 096 | 3437 160 93 6306 9 600375 [ 3 178 40 5°
Or ssa a10 967 03 890 | 1534 835 76 [1€027272 4F1313 [0 ? 1360 4
Punjab 14074 208 34 | 1070 370 51 544 349 610 307 | * 771710 44
PEPSU 159 157 77 958 795 78a i 2 409 926 22600 | 7040780 78
‘Tr pura 27478 7398 137 140 185 10877 499 3 60438 | 171
Uttar Pradesh 105 584 48413 77790 16 0 298 7°1 939793 | 191585 79
‘West Bengal 2718430 | 1 118 167 (13 59° 150 12 1 |3 181989 ] 1481459 [15909 945 107
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Arpenpix IT

Spleen rate, parasite rate and infant parasile vate sn different States n India

X 1935354 191-35
State Splecn | Paraste | Infant  Spleen | Parasie i Intant
rate ratc  |parasite rate  rate rate  |paras ic rate
{per cent} | (per cent) | (percent)  (percent) | (percent | (per cent

Andbra 2 H2o | 832 | 1073 19912061 74P~ | wo-9
Bibar 119/596 | 95168 112/396 | 0214 V0113
Bombay 00207 00/97 00/88 00/142 [ 00/100 ; 00/13
Conrg 0 02 o q 002 | o 0
e }Uxhzn 018 o 0 0o ‘o o

Rural 110 L ¢ o 0 s0 0 | o
Hyderabad 39210 | 06306 0 10/8a | 0672  ortg
Kutch 64 134 41 58
Madhya Bharat 78/268 { 147/230 145/%6 | 90157 |
Madbya Pradesh 66619 o287 64480 | 0324 | OfI78
Manipur 232 15 177 10 low
Mysore o122 of150 of51 12{134 | 05109 0/03
Orissa 2891415 16419 3R1333 M T273 | 0317 ‘ o
Pungab e oo 6 3380 | 0178 ‘ 08
PEPSU 7576 | o2t | 0 o526 | 0 o
Saurachtea e 06 0 " 03 0g
Travancore.Cochin 192 71 0 1106 14 i i
Tripura 558 171 2 A1 216 f12s
Uttar Pradesh 3219 | oo | oa2  [1r4283 | 1st01 | o114
Vindhya Pradesh 187278 79164
est Bengat 53/641 270 !

reseni e €St purpuars of conciseness, the sphten, patisne and wfand patasAe M et
presented 15 ranges in each State  The numerator m cach instance represents the Jowest rate
* denomunator the nghest amongst the different umits an operation 1 cach State
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public participation 1n the National Malana Control Programme® It would
appear to he 1n the field of active cooperation with the duties of those who are
trained employed and paid to carry out certain functions for protecting the public

from malana

1 the rauonale of the activities

Such cooperation can only be obtawmed by education of the people

to overcome them  Such commuttees formed at all levels like the panchayat
o

ArpEnpix 1

Number of houses sprayed population protected and the number protected per I of DDT
|

1903 ot 1904-55
L
S v B A R © e Kl Il N o
I I D i i Bl ST i
‘ once Ubs ) DT | once (Ibs) DDT
Ajmer J 4 481 38 826 17405 54 67 080 ¢ 610 335 £00 ‘-5_1‘
Bhopal RE 574 [ 21867 5 44 870 0 * 183074 103 665 915 370 88
B har \ 255210 87049 | 1°76 000 46 159" 587 77897 | 7960935 10°
Bombay 3% 999 | 1 638 660 [16 764 99, 99 [3486399 | 1676547 (17431995 103
Coarg 32478 514°8 187 395 38 38 801 57015 184 060 34
Urban 63 3ud 338 75° 316 770 81 105 857 0332 518 282 99
Dete }Rural 56 1°0 73118 250 600 38 70 673 89071 251 360 35
H machal Przdeshf 31417 19899 157085 78 160 07 79 133 847 530 30
ku ch 133 8 24 341 216 640 89 89 387 310 340 935 101
Madhya Bharat 35 738 196077 [ 1178 690 60 273 448 283 364 [ 1367 230 18
Madhya Pradesh | 1 487 745 4 1871 | 74387 5 16 4 1008 970 683655 |7 04810 114
Man pur 3161 790 17 300 °19 66 507 4 950 339 510 n3
Mysore 687 437 367096 | 3 427 160 93 63,6 9 837375 | 3 178 140 59
O ssa 310 967 ™03 890 | 1534835 76 | 1667777 46133 [ 8701360 { 114
Punjab 14 074 <08 34 | 1070 370 51 544 347 61030 [°7°1710 44
FPEPSU 159 157 77 958 795 784 10 2 409 936 699 | 049 780 79
Tr pura 27478 7388 137 140 185 120 877 49 973 604385 1°1
Uttar Pradesh 105 584 48413 71797 160 206 4 239793 | 191a8 o 79
West Bengal 2718430 | 1118167 (1359 150 | 12 1 |3 181980 | 1481459 15009845 107
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Appenpix  IIL
State-wise yeduction in malaria cases from the year 1953-54 to 1954.55

MALARIA CASES REPORTED ¥ROM 1t0spiTALS | On the assumption that

AND DISPENSARIES one out of 1 cases te.

| ported to a dispensary,

State the total igure of fall 1

Reduction cases arrved  at b

1953-54 195455 from 1903 54 | multiplying the figures

10 1954-55 m Col 4 by 1
1 | 2 3 4 5

I Bhopal ] 1,414,206 1,00,774 13,430 1,31,300
2 Bihar 17,819 7,659,410 3,486,409 34,84,090
3 Bombay 2,53,006 1,95,229 57,717 5,711,170
4 Coorg 3,439 3,210 229 2,200
5 Delh 9,172 7,035 2,137 21,370
6 Himachal Pradesh 1,0L,110 81,838 19,272 1,92,720
7 Hyderabad 1,04,778 56,740 148,036 4,80,365
8 Kutch 18,202 12,094 6,108 61,080
9 Madhya Bharat l 1,10,638 90,782 19,856 1,908,500
10 Madhya Pradesh 5,88,716 3,32,678 2,56,038 25,60,380
11  Madras 1,56,009 1,30,45¢ 25,645 2,56,450
12 Mampur | 65,260 55,813 9,447 94,470
13 Mysore I yeas0 1,45,053 48,477 4,84,770
14 Onssa ; 14,234 7,192 7,042 70,420
15 PFPSU 1,03,330 61,505 41,825 4,18,230
16 Punjab \ 5,08,636 3,80,496 1,28,140 12,81,400
17T Saurashtra 47,597 33,381 14,216 142,160
18  Travancore Cochin 55,012 51,478 3,534 35,340
19 Trpura 1,27,339 90,877 36,462 3,64,620
20 Uttar Pradesh 603,644 5,55,882 47,762 4,717,620
21, Vindhya Pradesh 94,314 64,741 29,563 2,905,630
22 West Bengal 16,18,924 £,76,055 7,41,989 74,19,690
Total ;20001 | 30,93,627 | 1935374 1,93,53,740

Notes ~The Director of Public Health, Andhra, has reported

from malatia 1n 1954 as compared to 3,526 denths 1n 1953

Y
that 3,507 deaths occurred

“The Crnil Surgeon, Ajmer, has’ stated that there was about 40 per cent fall in the number

of malara cases from 1053-64 to 19!

=55

National Malana Control Progtamme did not operate 1 the States of Assam, Jammu and
Kashmr, Rajasthan and Coalfields during 1953-55,
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MALARIA CONTROL IN THE PUNJAB (INDIA) WITH
SPECIAL REFERENCE TO THE NATIONAL MALARIA
CONTROL PROGRAMME
BY
DEV RAJ MEHTA, Msc, php (Cantab ).

{(Malariologist, Malania O Pumpab )

(Scptember © 10> )

Tue Punjab 1s a border State at the extreme north west corner of India
After the partition of this Province 1n 1947, the State has been greatly truncated
and instead of 27 districts, 1t consists at present only of 13 distnicts  Except for
the entire Kangra District and a small portion of Simla which are mountainous,
the rest of the State 15 a great alluvial plain which stretches from the foot of the
Himalayas o0 the Rajputana desert In other respects the country s featureless
vath the exception of mghty nivers which traverse the plains and are flooded
almest every year after heavy monsoon ranfall The affected country-side 1s
mnundated extenstvely resulting 1n the loss of lves, property and outbreaks of
malana and other epidemic diseases

The soil of the Punjab 1s for the most part a fine silt deposited by the nvers
whose action has virtually formed the land It 1s pecuharly impervious to water
I most places and this, added to the level character of the country, results 1n
large surface collections of water 1n the event of floods temporanly submerging
Xtensive tracts of the State

Th Between the rivers of the Punyab are strips of country known as the * Doabs*
eS¢ are situated on comparatively high level but they are not entirely safe from
g adversely affected by heavy ramfall  On the whole, the soil 1s very suitable
Ot production of chef agricultural crops namely, cotton wheat, sugarcane, mllets,
M rice, etc  There 1s an extensive network of canals throughout the State
w}“d‘ greatly help in the prod of superior agneultural crops  Other modes
olimgation ‘are by wells 1n the plains and ¢ Kukls® 1n the hll tracts
o Accordmg to the 1951 census, the total population of the Punjab has been
Thm;“d at 12 641,205 spread over a land area measunng 37,378 square mtles
¢ distribution of the population 1n 13 districts of the State 13 given below —

bein,

(127)
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Tasre I.

Dustribution of rural and urban population 1n the Punyab (India).

District Total Rural ( Urban

! Husar 1,045,645 877 945 167700
2 Rohtak 1,122,046 970,987 151059
3 Gurgaon 967,664 827 511 140,153
4 Karnal 1,079,379 876,067 203,312
5 Ambala 943,734 695,784 247,950
6 Simla 46150 16,150
7 hangra 936,042 893,502 12,450
8  Hoshuarpur 1,091,986 986,962 105,024
9 Julundur 1,055,600 761,202 204,308
10 Ludhiana 808,105 602,218 205,887
11 Perozepore 1,326,520 1,101,438 225,082
12 Amntsar 1,367,040 958 533 408,507
13 Gurdaspur 851,204 688,034 163,260

Total 12,641,205 | 10,240,273 2,400,032

As 15 usnal i India, the rural population greatly exceeds the urban, being
nearly eighty per cent of the total There are only three cities namely Amntsan,
Jullundur and Ludhtana with a population exceeding 100,000. The housing
condittons are more or less simular 1 the rural areas of the State  The wiilages
comsist of solid mud bult houses, lymg compactly around the agrrcultural lands
In the hill tracts, however, a village 1s conventional aggregate of small hamlets
known as ¢ Tikas’ which are remotely scattered according to the situation of the
agncultural land of the villagers The houses in the hills are usually smaller as
compared to those m the plans.

The partiion of the Punjab dunng August 1947 1nvolved considerable
exchange of populations between the East and West Punja‘?s—thc latter having

become part of Palustan  This exch had a tr 1n mtroducing
o = East Punjab

~rtam highly
as opulatc
predominantly by Mushms, had shown substantial lowering of malanial macidence
after this mass cxodus of wnfected Mushm population
The normal clmate of the Punjab 1s characterized by extremes of cold and
hot weather  The cold weather gradually gives way to the hot weather at the end
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of March, from which tme 1t gets steadily hotter, and the relatne humidity gets
steadily less and less till the muddie of June when great estremes of heat and
dryness are normally experienced  The monsoon breaks suddenty wsually about
the third week i June, wath a consequent increase 1n the relative humudity and
decrease 1 the maxamum temperature  The mimmum temperature at mghr
remans practically unchanged at about 80°F  Peniodical rai falls throughout the
monsoon dunag July and August, gradually dimimshing 1n September when the
refauve humidity again decreases  Gradually the winter 15 ushered about ite
muddle of November It has been observed (MacDonald and Mapd 10,1 that
the monsoon 15 the sole apparent chmate controlling factor 1n the sprcii of
malana, the amount of rainfall nfluencing the number of breeding pliccs g
the assotiated mcrease m hurmdity, which lasts just as long 2na no long r han

« monsoon, making it possible for the anophelmes to hve 2 long time 1
consequently to be capable of transmitting malana

INCIDENCE OF MALARIA

Neatly seven mullion out of a total population of neartv 12 b million w the
Puzjab ve 1n rural malarous tracts This disease 15 chiefly prevalent m the
plams of the Punjab but 1n the hll tracts at an altitude sarving fiom 2 co to 3 1)
feet above sea level, 1t has been reported to be very active  Latunsive arcas in
Aangra District are hnown to be Tighly malanous and i certamn parts conditen
of malanal hypercndcmlcnty have also been recorded

Malana 35 endenc almost throughout the Pumab and mamfests wsclf chietly
et Kangra hill tracts the malana
comparatively more favourible

- s
In the plams of the Punjab, a very large number of endemic tracts exist
which although may not exhibit epidemic conditions for years are m some wiys
50 predisposed to them that on a certain rummum of ramfall they will become
e seat of epidermic malania Such tracts arc located mostly near the rers  In
addition, there are other areas which are not obviously mvermn but nevertheless
chave 1n the same way  Such tracts usually receive much of the drainage from
the district in which they are situated  The foot hills throughout the State, more
particutarly ncar the Stwaliks m Hoshiarpur District develop epidemuc conditions
g‘{\hlx manner  Such tracts not only casly become affected but exhubit a high
£ree of malanal intensity

s 43 2 measure of the endematy of malarta the spleen and parasite mdices
2ve been studied dunng the course of malana surveys conducted diffcrent
Parts of the State 15 the recent years

Belore the National Malana Control Programme was introduced m_the
Iy b, the spleen rates amongst children under ten years of age in some of the
Portant endemic areas of the State were as under —

Puny
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District Localuy Spleen rate
(Per cent )
Kangra Jowali s 70 1
hulu 331
Jowalamukhst 29
Dera Gopipur 580
fangra 12y
Shahpur 243
Nurpur 130
Indaura | b6
Gurdaspur Behrampur oL
Norat Jaimal Singh [t
! Sirs Gobindpur | x5
Derababa Nanak 20
Amritsay Pattt 70 1
Ram Das e
Taran Taran 25
Aala 2ne
Lopoke 208
Majitha 216
Chabal 24 2
Tung Bala 80 }Suburbznaru
Amntsar 05
Ferazepore Guru Harsahar 893
Zia 193
Dharamkot 221
Ludhtana Sidhwan Bet 476
Machiwara 2t
Hoshiarpur ] Siotohhigiih a1
‘ Gagret Moo
\ Amb 250
Garh Shanber 229
Haupur %6
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Dytr et | Locality J Spleen rate
(per cent)
" Karaal Indry ‘ 30
‘Thanesar 60
Bajda ‘ 3
Khogg pur ]
Rohtak Gohana | LS
Juan i B
Mundlana 38
Gurgaon Dha j o 8
Sohna 14
Punahana il
Hassanpur 4
Ambala Panchkoola ’
Chamkaur 14

4

It 13 evident that conditions of high v and hyp
wvailed 1n the Punjab before the National Malana Control Programme was
toduced 1n 1953

Three species of malanal parasite, namely P inax P falaparum and
malane have been detected 1n the blood films examined from various parts of

: State The last named species 1s however very much restncted m s
itnbution

At intervals of years wide spread epidemics of malana are hable to occur
this State  The disastrous epidemic of malara which broke out dunng 1go8

¢ Punjab, was of such a type where, 1n the space of three months 1t occastoned
if 300 000 deaths amongst a population of approximately 20 000000 Fuen
ore this malaral epidemics of marked intenstty had been ewperienced in
5869 1877 78 1895 g6 and 1n 1899 1goo (Gill  1928)  Subsequent to the
A 190g there have been several eprdemics of malana but the outstanding
threaks’ were recorded 1n the years 191~ and 1923 194~ and 1aso  Such
demies of malany usually develop duning years of excessive monsoon rainfall
ouated with overflow of nivers following a senes of years in which the ramfall
3 been 1n. defect, and the greater the number of years which have elapsed since
* last epidemuc Year, the more hikely 15 an epidemic to occur

As a result of the study of distnbution of these malana epidenucs during the
(B 3enes of years 1t has been found that the districts of the Punjab varv in ther
bility 1o expenence visitations of epidemic malann  For instance they do not
SUr N any part of the Himalayas ~although hangra Valley 1s onc of the most
“msely malarious tracts  The precise location of such wide spread epidemcs of
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malania 15 more or less restricted to the low-lying plams which are Lable to
mundation

Amongst the cluef factors which comphcate malania problem in the Punjab
may be mcluded (1) flooding of the nvers and the associated storm-water channels
after excessive monsoon ramfall, (2) canal wngation, (3) uncontrolled flow of
storm water from hill sides into the adjoimng low lying plains after heavy rams,
(4) extensive swamps m low-lymg areas which recewe local dramage, asm
Gurdaspur Distnict and (5) the impounded water as a result of the construction of
protective embankments 1n certain districts

At least mne districts i the Punjab, namely, Gurdaspur, Amntsar,
Ludhiana, Jullundur, Hoshiarpur, Ferozepore, Karnal, Rohtak and Gurgaon
are liable to mundations to a greater or lesser extent almost every year following
excessive monsoon rainfall when the rivers Ravi, Beas, Sutle) and Yamuna are
mn spate  Owing to the impervious nature of the sotl, the flood water 1s retamed
for a sufficiently long penod to create malanogemc conditions 1n such tracts

It 1s true that malana has followed canal irrigation n the Punjab by rasng
the level of subsoil water and created swampy conditions 1n the adjorning aress
Canal 1riigation has become gravely prejudicial to health in_areas where 1t has
been improperly carried out Most of the dstricts 1n the Punjab, which are
traversed by the great canal system, have become greatly menaced by malana

In the hill tracts, the high madence of malara 1s usually assocrated with

paddy cultivation which depends on the water supply from ¢ Kubls* ansing from
hill-streams

MALARIA FORECAST.

The Punjab perhaps claims a umque position inasmuch as 1t 1s only 1 this
State that attempts have been made to develop and bring into admumstrative use
a method for forecasting epidemics of malana This method, as elaborated by
Gill (1928) and Yacob and Satya Swaroop (1944), uttlizes mformation pertaiung
to ramnfall, enlargement of spleen t school child:
and the varability of malanal madence i ndividual locabties recorded 1
previous years

This forecast, which 15 issued every year m the begimmng of September,
has proved of constderable value mn past years in indicating areas in which more
than ordinary prevalence of malana has i fact subsequently occurred A
malaria forecast of this type 1s certunly 1nvaluable to a State which 1s every year
exposed to malaria epidemics owing to the vaganes of monsoon ramfall

ANOPHELINE FAUNA

There are at least thirteen species of anopheline mosquitoes found 1 the
East Punjab  These are hsted below —

A eulicrfacies A maculatus
A fluvatihs A annulans
A stephens: A palldus
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A hndesan A subfrctus
A pulcherrimus A barbirostris
A splendidus A gigas simlensis
A hyreanus
Of these anophel A cul 15 th d chief vector of malana

e T
mthe Punjab  Thus 1s evadent from the following results of dissections, carred ont
by different workers from time to time —

Observer Spoces dssected | Number || Gut | Gl d

Perry (1910) A culictfactes 100

G1lland Singh (1917 20) —do— 2%

Chowdhury (1930) —do— 152 15

Hcks and Ma d (1931-36) —do— 88lo 0 3

Mchta {1940-42) —do— 455 1 o

Gill (19°5) A stephenst 155 3 3
* Chowdbury (1930 —do =~ 3

H cks and May d (1931 36) —do— oot 1

Mebta (1940) A stephenss , 42

Chowdhury {1930) 1 flutatihs 24 2

H cksand May d (1931 36) —do— | 381 1

Mebta {1340) —do— t 148

Mehta (1940 A maculatus 1

Mehta (1940) 4 palhidus 103

Chowdhury (1830} —do— 7

Chowdbury (1930) A spl ndvdus 6

H cks and May d {1931 36) —do— 9

Mebta (1910) —do— 21

8 ephensand Christophers (1902) | 4 subprct ¢ 196

G (1017 —do— 102

Heks and May d {1931.36) —do— 159

Heka and Ma) d (1931 36) 4 anulans 206

Mehta (1910) —do— 195

From the above data 1t would be evident that Anapheles stephenss and A

fanabls haye also been mncnmmated 1n the carnage of malana ~ According to
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Covell (1927), sporozottes were detected 1 the salvary glands of 4 wilimn
James by Adie (1911) n the Kangra Valley The precise role of this species im
the transmussion of malana 1s bemng studied
The dissections of A caubicrfactes during different months of the year have
d d that the t of malana 15 active chiefly from August to October
In view of the fact that the transmussion 15 so restricted, the measures aimed at the
destruction of anopheline vectors have to be regulated accordingly

PREVIOUS HISTORY OF ANTIMALARIA WORK IN THE PUNJAB

The first sertous attempt to study malaria problem 1 the Punjab relates
to a report of a commnttee assembled to enquire 1mnto the salubnty of the area near
Karnal watered by the Western Jamuna Canal (Dempster ¢t al, 1847}

In the year 1908, the Punjab was visited by a regional malana epidemic of
marked seventy 1n consequence of which an Imperal Malana Conference was held
at Simla during October 1909 and this led to the creation of the Punjab Malana
Bureau The functions of this institution were confined solely to the study of
malana m this Province Sometime later Christophers (1911) wrote a com
prehensive memor entitled  Afalaria in the Punjab * which embodied a scientific
exposition of the intricate malana problems of the State  These findings 1&d
the foundation for further wmvestigations on malara (Perry, 1911, and Gill, 1914
1915 1917 1920 1921 1923 1924 1928)

Duning the subsequent reorgamzation of the Public Health Department
Pumyab, 1 1923, the scope of the Malana Bureau was enlarged so as to mclude the
wvestigation and control of other epidemic and endemuc discases also This
resulted m weakening the efforts towards the study of malarta  In the year 1939
a field epidemological umit was set up which was responsible for conducting
malaria 1mvestigations and nstituting antimalana measures which consisted chwﬂ);
of the destruction of anophehlines by pyrethrum sprays and admumstraton ©
antimalanta drugs to the sick In addition mited antilarval measures were also
applied

At the recommendations of the Bhore Commuttee (1946), a malaria orga'"lal
ion was set up for the State with 1ts headquarters at Lahore but before 1t cov 1
establish itself, the Pumjab was faced i 1947 with partitton based on pohiical
considerations

Prior to the year 1950, antimalania measures were apphed m the Punydd
m a very restricted manner by the provision of a small antimalana umt 11 zaCs
dhstrict and consequently feverish endeavours had to be made whenever senov
outbreaks of malana were reported  Such recurring measures proved very
expensive and helped in providing relief only for the time bring "

In the year 1950, the antimalana policy was revised under the gmdam:clﬂ
Lt -Colonel Jaswant Singh, Director, Malana Institute of India Accordms)"r
the exsting State Malana Orgamzation was expanded with its headquarters @
Karnal ™ ' oratortes where
speaalized wdes and other
cognate p demonstration
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untts were set up for combating rural malara in Karnal and Gurgaon Districts
and another malana control project umit was detailed to demonstrate 1f malana
could be controlled 1n a badly affected urban tract lke the atv of Amntswr
Dunng the peniod from the year 1950 to 1952, the number of demonstrition teams
was raised to five and these amply showed that under proper techmel direction
and control, a substantial lowening of malanial icrdence could be achieved by the
wdoor application of 1nsecticides such as DDT and BHC

NATIONAL MALARIA CONTROL PROGRAMME

In the year 1952, the total population protected agamst maliria by the
State Malaria Orgamization was nearly four lacs (0 4 mullion) which myoly d n
expenditure of nearly Rupees 2,61,000 ~ This madequacy of the pr tection ff wded
agamst malaria was realized by the Punjab Government early in 1953 when o
bold and outstanding decision was taken to participate 1n the Nauonal Milua
Control Programme ymutiated by the Government of Indta under the Ind¢ American
Pont IV Agreement  Dunng the year 1953 54, the Pumjab  Government
earmatked a sum of Rs 7 47,700 towards this programme and the Government
of Indias contshution was nearly Rs 11,38,004 This assistance was m the
shape of grants of D D T, antunalanals motor transports and tssental spraymg
cqupment provided through the Techmcal Cooperation Admunistraton  The
txpenditure on the operational costs was borne by the Punjab Government  In

manner, four malana control units were created for operation 1n arcas worst
affected by malania 1n Gurgaon, harnal, Rohtakh Ambala, Ludhiana Ferozepor¢
Gurdaspur, Amntsar and Kangra Districts

Intensive antumalana operations consisted chicfly of indoor spraving of
willage houses with five per cent DD T watery suspenston at 1 dosage of 100 mg
Per square foot twice dunng the malana season These operations werc
commenced during July 1953, in mne out of the 13 districts of the State  In the
Ttmating districts routine anttmalana measures were apphied by the normal
™t epidemic stafl’ on simlar Lines under the District Medical Officers of Health

Lach malaria control umit conmsted of one Medical Malana Officer
{Gazetted), exght Malaria 1 p 23 Sanitary Super 120 Smtary Beldars
(field vorkers), five Motor dryvers, five Cleaners and one Mechamc In addition,
#dequate personnel had been provided for the office of each umt 1t Gurgion

arnal, Gurdaspur, and Ferozepore The mobilty of the four Malana Control
nits was ensured by the provision of four trucks and one jeep for ¢ach umt

h The programme of work was framed 1 advance taking nto consideration
N ¢ requrements of the areas to be served In this manner a total of 8,03 056
‘::{“’ 2,526 vallages were sprayed with DDT to afford protection against
: ana  In addinon antimalana drugs were admnistered by these units lo
®142 malana cases By the application of these measures nerly 14,00,000
Population was directly protected 1gamst malarin

E These operations were also extended to deal with commumty projects of
andabad, Sonepat, Nilokhen, Jagadhn and Batala, where 2,00,g99 persons were
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protected agamnst malarta  The commumty projects, as concewed by the
Government of India, have been designed to promote the pre requsite for
additional productivity, such as can cater for all the basic elements of rural Ife

Assessment of the first year’s work under the National Malana Control
Programme 1n the Punjab indicated that although the target 1n regard to the total
population to be protected could not be reached, sull there had been a dramatc
effect on the life of the people served by this project A reduction of so,000
malana_cases was recorded mn the recogmzed hospitals and dispensartes of areas
in the State served by the National Malana Control Programme In addition,
there was a striking reduction n the spleen and parasite rates amongst the children
Simlarly, there was a conspicuous lowering of the population denstty of mosquitoes

The oufstanding evil influence of malana 1s directed towards the great loss
of man power n mndustry and agriculture The economtc gain to the Pumab
as 1t affected the * Grow More Food ’ campaign in the year 1953, has been estmated
for Karnal and Ferozepore Districts It has been revealed that there had been an
increase of 1,30,562 acres in the area cultivated 1n three tehsils namely, hamal,
Pampat and Karthal during the period from July to December 1953 as compared
to the preceding year Simularly, 1t has been estimated that there has been an
increase of 11,327 acres n the area under paddy cultivation alone 1n three tehsils
mentioned above which equals, by a modest officral esttmate of Rs 126 per acre,
to a sum of Rs 14,27,202 This increase n the area under paddy cultivation
has been reported only 1n the case of three tehsils 1 which intensive antimalana
measures have been carried out duning 1953 On the other hand, in Thanesar
Tehsil of Karnal District which could not be mcluded 1n the National Malana
Control Programme there has been a marked reduction n the area under paddy
cultivaton ~ Sumlarly there has been an 1ncrease in the area under paddy cultva
tion 1n Ferozepore District to the extent of 4,834 acres in 1953 as compared to the
previous year which at a modest estimate equals Rs 6,03 084 Similar data 1
being collected from other districts also and 1t 1s expected that the net economi¢
gain to the Punjab would definitely repay to a large extent the expepditureon
malana control programme (Rs 7,47,700) incurred by the Punjab Government
duning 1953

Encouraged by the results obtamned, the Punjab Government extended therr
antimalaria programme so as to cover the entire State durng the year 1954
For this purpose, seven malaria control units including the eusting four umts,
were rassed at an expenditure of nearly Rupees 10 8 lacs (1 08 mullion) Once
again the Government of India, through the Technical Cooperatron Mssion,
agreed to provide the required quantities of D D T, motor transports, essenttal
spraymng equipment, etc, at an apprommate cost of nearly Rupees 85 [acs
(o 85 mullion)

Seven malara control units were accordingly rased, equipped and trained
by June 1954, when ntensive antimalaria operations were commenced thmughour}
the State  The disposition of these seven units, total population to be protecte!
and areas to be covered are given below —
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this manner 33,42,333 persons lving in 5,868 villages were protected agamst
malarta  In this connection 20,24,400 rooms ere sprayed with five per cent
- ) - " twice during

In addstion

Assessment of the antimalana work carned out so far has revealed an
unprecedented reduction in the number of malarta cases 1n the Punjab dunng the
year 1954 as compared to the previous years This 1s evident from the data
reproduced below —

Year Number of malara cases recorded
1n the hospitals and dispensartes
of the State

1950 6,80,059
1951 511,775
1952 516,777
1953 5,08,636
1954 380,496

It will be observed that there has been a reduction of nearly 3,00,000
malara cases ! ! 2
had not been

the State (Ch

Government dispensares and hospitals  Considenng that a very large number of
the affected population do not visit such centres of medical reltef, 1t 15 expected that
the total reduction m the number of malara cases throughout the State during
the whole year must be very great Simlarly reductions 1 the (1) spleen rates of
children (1) paraste rates, and (uz) number of mosquitoes have been obsersed
(Appendix I}

The transmussion of malana has been considerably reduced as indicated by
pronounced lowenng of infant parasite rates in all the areas served hy the Natronal
Malana Control Programme n the Punjab

From the foregoing account, 1t 1s evident that there has been a reduction of
nearly 3,00,000 maluna cases durmg the year 1954 as compared to 1950 when
residual insecticides had not been brought mnto use for malana control on a very
large scale throughout the State A case of malara usually incapacitates 2 person
for at least three to si< days of his wage earning capacity At the lowest daily
rate now provided by the vanous Governments, this involves a loss of Rs 12 per
head on rccount of a single attack of malana It 15, therefore, evident that neatly
Rs 36,00,000 were saved mn terms of wage earning capacity of 3,00,000 persons
protected from attacks of malana dunng the second year of the National Malwnia
Control Programme 1n the Punjab State,
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CHART 1.
TOMNUMBER OF VALARA  CASES RECOROED
N THE RAECOGNSED HOSPITALS & DISPENSARIES OF THE
PUNJAB STATE DURNG THE YEARS 1953554
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h A substantial reduction 1n the number of fever deaths has also been reported
the Punjab duning the year 1954 The relesant data are given below —

Year Total number of fever deaths
195¢ 2,10,661
1951 . 1:58:871
1952 1,63,140
1953 1,814,858
1954 1,25,005

It wll thus be observed that there had been a reduction of nearly 85,056
deaths 1 1954 as compared to the year 1950 (Chart 2) u

It is emphasized that apart from other advantages on account of the saving
of 85 936 Iies, there had bc}c’n a ;ct saving of Rs 42,07,800 which would haye
8 spent on unprofitable funeral expenses

fver
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CHART 2

TOTAL NUMBER  OF FEVER  DEATHS
N THE FUNJAB STATE OUR NG THE YEARS 95054
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In the Punjab complete control aganst plague was effected 1n the year 3{950
by the use of residual insecticides chiefly 1 the mdoor rat harbourages DTs
control has been effectvely mamntamed up till now chiefly by indoor D )
spraying which has been carried out under the Natonal Malarta Control
Programme

The available data also indtcate that there has been substantial reduction
1 the number of total deaths due to diarrheea and dysentery in_Amritsar Dl;mC:
since the year 1951 when indoor spraying with DD T and B H C was carne d‘;‘l‘).'l
on a Inrge scale for protecting the population agamst malaria The relevant
are reproduced below —

Total deaths due to diarrheca

Year and dysentery

1942 973

1943 933

1944 915

1945 ba7

1946 871

1947 1141

1948 714

1949 619

1950 806

1951 4897 Mass indoor spray
1957 441} 1ng wath residual
1953 453 nsecticrdes
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CONCLUSIONS AND SUMMARY

Encouraging results have been achieved during the first two years of the
vorking of the National Malaria Control Programme in the Punjab State

Bendes the lowening of malanal incidence there has been considerable saving
of human hves It has also been possible to improve the economic conditton of
the people by antimalama operations A healthy and productine population s
the basis of mational economic progress which malana defimtely mhbits The
Natenal Malana Control Programme was mtroduced at a very critical stage i
the political Iife of the Punjab gtate which had been badly hit by partition during
the year 1947 The alleviation of human suffering by mtensive antimalana
operations has to a very large extent been responstble for the upgrading of the
econamic status of the people

Judging from the success attamed and the progress mamtained so far 1t 15
expected that the mcidence of malana would be dniven to a very low point duning
the next few years as a result of the Nattonal Malaria Control Programme Haung
stopped malana transmussion, efforts will be concentrated on strategic control
1 order that malana may not reappear
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AprEnprx 1.

Spleen rates amongst children in the Punjab before the National 'Malaria Control Programme
and 1n November, 1954,

Spleen rate Spleen rate
Dustrict Locality beforc NMCP  [November, 1054

(per cent) {per cent)

Kangra Nurpur 430 56
Shahpur 24 3 182

Jowaly 70 1 168

Dera Gopipur 58 0 59

Jowalamukht 229 m4

Ruls 33 1 120

Indaura 66 6 48

Gurdaspur Narot Jaumal Singh 28 1 108
Behrampur 511 10

Dera Baba Nanak 25 0 25

Sirt Gobindpur 275 48

Amnitsar Patts 70 1 113
Ram Das 219 29

Taran Taran 245 75

Apnala 2 8 41

Lopoke 29 8 181

Muyitha 216 29

abal 242 33

Amnitsar (suburban) 105 53

Ferozepore Guru Har Sahat 89 3 30
Zuwa 193 42

Dharamkot 221 52

Ludhiana Sidbwan Bet 476 20
Machiwara 211 71

Hoshsarpur Santokh Garh a1 53
Garh Shanker 229 46

Hajipur 26 0 213

Kkarnal Indn 380 43
Thanesar 26 9 19

Khojgipur 33 43

Rohtak Gohana 23 8 48
Juan 229 00

Gurgaon Dhauy 52 8 129
Sohna 353 64

Hassanpur 452 1317

Punahana 59 2 94

\






844  Changing Aspect of Hand-operated Equipment wn Malara Control

mert matenal such as road dust (Barber, 19415) The use of this muxture beca
standard procedure and remamed so untl 1936 when Barber suggested
modification—pans green diluted wath o1l (kerosene) 1n the presence of egg albur
(Barber, 1941¢), mstead of road dust When DDT came into prommer
1t was used 1n solution with oil (naphtha} to improve the quality of the larnc
(Russell ef al, 1946) These, then, were some of the popular matenials develo
to control mosquito larvee  To distribute these matenals, hand equipment of
type or another was used

Pyrethnns, the toxicant elements 1 pyrethrum, were first used to dest |
adult mosquitoes late 1n the 1930°s (Thornton, 1935) The toxicant was dissolved
m kerosene and apphed as a space spray  The efficiency of the method was
proved 1n India early in the following decade (Russell ef al , 1943), and for a time
this spray solution was widely used 1 spite of 1ts high cost and 1ts lack of residual
kilhng properties

Pyrethrum space sprays do not compare, though, m overall residual
effectiveness, with the newer toxicants represented by chlornated hydrocarbons
commonly referred to as the DD T group These sprays, properly apphed to
the resting places of adult mosquitoes, have brought about radscally benefiaal
results m malana control throughout the world

Any agent for mosquito control must be applied Whether the agent 15
oll, pans green, pyrethrum, or DD T, 1t must be distributed by some type of
equipment to the resting place of the larve or the adult For a long ume
the develor of such equir was left mostly to chance Certam types
for wnstance knapsack sprayers, were taken over from other fields with httle attempt
to modify them 1n relation to the new problem In fact, no active effort was made
to develop hand equipment for malana control until pyrethrum came into use a8
a space spray  Since v -
‘The movement has ga1
Health Organization .
standardization of hand operated equipment has rapdly advanced U Lo pv
where spray equipment manufacturers everywhere actively seek the Commuttec s
advice

In the early days of larvicaiding, when o1l was first used, 1t was apparcnﬁ)’
apphed with any tool at hand  Sometimes the o1l was poured directly on ﬂl;
water surface from a container, and spread only because of its repellency towar
water  No effort at economy was made, and no spreading agent W‘.:S
knowingly employed Spnnkling containers of the garden type were frcquem‘y’
used, perhaps the first equipment employed to dispense onl on water as 2 mosquit
contral measure Once malana transmission had been linked to the mosqui®
knapsack sprayers such as those used 1n agriculture were taken over and HSC‘
without modificavon  Throughout practically the entire larvicadmng €r3 0“!
shght improvement which could be directly attributed to malana control mﬂutﬂc'i
was made 1n thus apparatus  Even today, wherever the knapsach sprayer Is 5“
used 1t remains the same heavy, cumbersome oller No real attempt has Wm
been made to improve the quahty of discharge from the nozzle tip 11 orgc;mg
secure better spreading of the larvictide  Actually, httle thought was given uc b
the early years to the improvement of larviciding by use of oil, today, becaus
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theefficiency of other control methods, so lttle larviaiding 15 carrted on that
specualized equipment for this means of-control 15 hardly considered necessary

The knapsack sprayer may be symbolic of all hand larvictding o1l equipment
Ttwas pressed mto service, performed a useful function without undergomng exten
ssealteration and has been almost entirely replaced by techmques better swted to
the solution of the problem

When Barber and Hayne developed the technique of destroying Anopfeles
line by spreading pans green on water surfaces, they recogmized the need for
using a very small quanuty of pans green per umt of water surfac-  Conse
quently 2 way to dilate paris green had to be devised, and it was necessary to
find some mert material with which the toxicant could be mixed Ordinary road
dust became the popular diluent

It was quite a task to prepare this diluent  Furst the dast had to b~
tollected, and 1 malarious areas 1t was not unusual to see gangs of men along a
well travelled highway assiduously collecting road dust  Then the dust had to be
sritened  an efficent hand operated device was constructed for the purpose
Thy device was probably one of the first pieces of equipment designed primanlty
for use 1 malanta control, another was the mung drum for combininy, the dust
with the towscant  Such equipment 1s now usually found only in museums featuring
dscarded control methods

After 2 proper farviciding muxture of pans green and dust had been prepared
tsull had to be distnbuted A common early method was to put the miture
abucket and throw 1t by hand onto the water surface Hand bellows to which a
small hopper containing the mixture was attached, were also used A pipe carned
the muxture from the hopper to the tip of the bellows, where ejection under low air
Pressute took place whenever the bellows was operated This outfit had advantages
Ger hand distribution, but the low capaaty of the hopper as well as other drav
backs of 2 mechamcal nature, weighed against great popularity of the apparatus

Probably the most popular equipment for the distribution of road dust was
9p¢ of knapsack duster held on the operator s back with straps It consisted
9t 2 hopper with a capacity of about one cubic foot of mexture and a bellows
Wangement, actvated by a hand lever, which pumped air under low pressurc
@d fair volume 1nto a small compartment of the duster This compartment was
tWomatically refilled wath dust Awr pressure agitated the dust The dustar

Muxture escaped * ' " as deposited on water 1n fairly
Unform quany the apparatus were developed,
the pnnple ¢ unchanged  Distnbutors of

Ype continued 1n wse 1n d 1 bers as long as the road dust pans

E"mll;chmqu: suraved, or until about 1937 38 )
cginmng about 1930, demand slowly grew for improved equipment,
Rrtcularly o hand opegglc,d dust dlsmbm};xsgwl!h rotary blowers ~As with
l‘ knapsack larviading machine, these rotary blowers were borrowed from
Sneulture and were not v d d  The difficul p 4
o Were many indeed  Because most of them were badly assembled, they
“b;ﬁﬂ dufl through every seam In addition, hitle attention had been pad to

ance’, with the result that prolonged use tired the operator excessiv cly Air
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passages were not streamhined, this resulted in low-grade dust distrtbution  Gears
and cranks were crudely made Air-vents and accompanying fans were not
constructed to render maximum air delivery with a mummum of effort One
example of such equipment was a square box referred to by the makers as a ventun
It was used as a mixing chamber for air and dust This box, 1n no sense a ventur,
frequently became clogged and caused endless trouble  Furthermote, as the
operator walked forward to dust a water surface, he had to turn the crank counter
clockwise, m order for the apparatus to function at all!

Considerable improvement was made n this type of distbutor dunng the
following six or eight years, until the rotary duster was no longer extensively used
for malania control ~ Possibly due to the need for a better product for malana
operations twenty years ago, this machine 1s much more substantial and dependable
today and 1s still extensively used in agriculture

A very important revolution in equipment was brought about after 1036
by the introduction of Barber’s wet method of pars green distnbution This
method soon ehminated road dust as a diluent It was no longer necessaty to
collect, screen, and store vast quantities of dust, nor was 1t necessary to mix and
distribute tons of powder Instead, an operator carried with him sufficient
kerosene parns green muxture to last one day Water was always avalable to
dilute the mixture to proper proportions

This system of larviaiding required completely different equipment, a type
best operated by developing air pressure in the mixture contamer The mixture
was ejected through a primutive type of nozzle m the form of a spray which readily
spread a thin film over the water surface The apparatus was the forerunner of the
hand compression sprayer so extensively used mn residual spray operations dunng
recent years These ornginal hand comy pray ad 1 [ and
structural weaknesses, but they were the most efficient tools used for malana control
through the kerosene pans green control period

Other types of equipment were put into service durng the late 1930's and
early 1940’s ~ These were, 1n fact, the real proneer years for desigmng equipment
adapted to malana control Most equipment proved nadequate for the proper
distnbution of msecticides, however, until about 1940 Since then equipment
has been designed more and more to meet this specific problem

One type of equipment worthy of note for larviade application was the
automatic pans green distributor, a machine onginally designed m the Phulippines
and later perfected 1n India, which distributed proper quantities of pans greeh
continuously over irnigation canals (Knipe and Russell, 1942) Gurrent 1n the
canals activated the distributor, and the same current carned a charcoal parss
green muxture downstream wath 1t, dotng a remarhably efficient job of lnr‘;l‘-t
destruction en route However, popularity of the apparatus waned when :,1 de
kerosene pan green mixture became popular, even though the equipment co
readily be adapted to distribute this matenial

- [ - 1 VA e e o ~Fenecessfully

aracucal
pand

northern India m the late 1930’s (Covell ¢t af , 1938) Beginming 1 1939% an
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active field programme - ' ' '
tuted 1n southern India -
tiveness of the product .
were used ongmally w -
these cheap sprayers were not well made, did not suihcncnﬂy atomize the spray,
were small in size, and were inadequately designed  In order to overcome these
defects, certain modificattons were made an adcquatc nozzlc tip which assurcd
200 AtnmIzation was ranctn stal tho fane o~
P .

" 1w b paaaly Was Lvoved w Boup Lt possessed

all the qua.lmes of good ‘atormser It was widely used 1 avil orgamzations and
by the army 1n all contonments and n forward areas dunng war years

Many other models of sprayers were wnvestigated and developed in ths
pmjcct 1 southern India  One of these dispersed space sprays through the use
of ‘dryice e @30 4 st -t 1
1342)  This a
was the so-calle
This umt, whicu wesgueu omy 28 pounds and was enurely sell-contamed, was
quite efficient  Sull another model tried fully was the p
umt—the prototype of the present day hand compression sprayer “This was
pressunzed, through a Shrader valve, to 100 pounds per square inch from one
of scveral different sources of arr pressure (Kmpe and Strtapathy, 1942)
A modified Cobra sprayer umt carnied the insecticide, which was ejected and
atomzed by air pressure stored in the hand compression sprayer tank

At this ume the nccd for some sort of rcgulator to control pressure on the

nozzle tip was and a g was found which
ool the n reaea B 2 —1Q 1 . -

anu duapathy, 1942) lhis regulator was the forerunner of the prmcnbd;&y

pressure regulator now advocated for use in one form or another on pracucally

all types of residual spray equpment, whether power dnven or hand activated
oo

puumy ot pyrethrum guickly rtctdcd
Resd 1 emm =t

woenamagh - - "
dunng the - -
of the new - -
same  The - P . PR
which have
sprayers, used pracucally throughout the world, and the surrup-pump xpm)cr,
widely used 1n India but not to any extent 1n other countries
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An excellent residue of toxicants may be applied with erther type of sprayer
Although the sprayers differ considerably 1n action, the same amount of insecticide
1s distributed since distribution 1s made through the same type of hquid discharge line
by each type  Features of this ine which have undergone intenssve investigation
include the followmg a bayonet type of attachment (for the hand compression
sprayer), a polyvinyl chlonde (a plasuc), lightweight, highly abrasive resistant
hose, a cut ofl valve which does not leak, a sturdy lance, an automatic non dnp
valve 1 the nozzle, and a carefully designed stamnless steel nozzle tip which
accurately determunes the desirable flat spray pattern as well as the rate and angle
of discharge

Since the hand compression sprayer 15 the type umversally used, 1t has been
subject to the greatest improvement In contrast to its prototype, which was at
best, a cheaply designed agncultural tool, with many defects, the present day
hand compression sprayer 1s a first class tool for residual spray application and
meets practically every requirement d ded of 1t 18 has long
since surpassed 1ts predecessor the agncultural sprayer, mn quality Features
include an all stainless steel tank construction, welded seams which ensure against
leakage, an adequate filler hole which may be semiautomatic mn action, a Shrader

At f=-~ ranz v @ a1, fety features, plastic leak proof gaskets, a
s utn Cecal ! 1 the equipment, and a bayonet connection
pdhocoa ' ¢ line

These improvements have been made through the cooperation of indwiduals
working on malana control projects who have consulted with nterested equipment
manufacturers m several countries Much of the coordination of detals 1n the
programme of development has been carried on by the World Health Organization
Commuttee previously mentioned This Commuttee meets from time to time to
discuss equupment and to formulate speaifications of a general nature which scem
to lend themselves to acceptance on a world wide basis

Hand equipment used 1n the field of malana control has indeed passed
through an nteresting period of development The early prototypes, borrowed
from any available source, served a purpose They were not always susted to th;
problem, but successful modifications were usually made Then specialtze
models, such as the automatic pans green distributor, began to appear Lalc;,
types adaptable to pyrethrum distnbution were developed and gradually improve
with the result that when residual sprays appeared, operators m the malana
control field were fairly well acquainted with the types of equipment required
Models have now been perfected to the pont where a malaria officer knows
he has dependable equpment with which to carry on his control progl‘z\n'l!ljl:ct
In fact, spray equipment for malaria control 1s now of such excellence tha
technical features are being copied for use 1n other insect pest control programmes

The advances made thus far do not mean that the perfect apparatus has been
Impr will to be made Evcry;nc woulg ld;v:g

p blem that may be s
eseape the_ ‘Emd.g,"yn"f P b D b e vl ﬁ'p destened

vace wa wam Tatas mantra
tion
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In other words, spray equipment, like most modern equpment, has gone
through several periods of development and change Today’s equipment 1s far
supenor to yesterday's  The end 15 still not 1n sight.
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ON THE POSSIBILITY OF A SUNDAICUS ERADICATION
IN INDIA

BY
V VENKAT RAO, FrREs, MRsT
Uuly 15 1055

Tuar 1t 1s possible to eradicate vector anophelines from partcular areas
under certain cond and thus to el P ly all chances of malaria
transmussion there, has been amply borne out by recent work  The eradication
measures which have so far been carried out successfully may be broadly classified
mnto three groups as follows —

(a) Measures dealing wath imported vectors,

(5) Measures carried out tn himited areas having natural barners, and

{e} M where ! 15 ob d, not by dehb action, but
rather unexpectedly as a bye product of mdoor residual spraying with
1nsecticides

The first concerted attempt at eradication, whuch falls i the first category
menttoned above and which was attended with conspicuous success, was made 1n
Brazil by Soper and Wilson (1943) agamnst A gambte and the next attempt was
also made against the same species by Shousha (1948) tn Egypt with stmalar results
These measures involved antilarval as well as antt adult operations, though 1t
was recogmzed that the former constituted the pnmary means of attack with the
latter only as suppl i i necessary  In both cases, pans
green was used agamst the larva and pyrethrum against the adults  Soper and
Wilson (1943), however, cautiously observed that their success was duc to the fact

at the vector was imported into Brazil less than ten years previously and
did not yet gain a firm foothold 1n the country and that A gambie, having sclectne
breeding habits, was more vulnerable to attach than other species which are
capable of breeding 1n a large varnety of waters They doubted whether eradication
would ever be possible with autochthonous vector species

After the advent of DD T, when st became possible to contemplate the
ehmmation of malana on a global scale, cradication was tred 1n Cyprus and
Sardima, two small 1slands 1n the Mediterrancan Sea  Whereas complete success
was obtaned in Cyprus (Aziz, 1948), the vector of Sardinta has not yet been whelly

(351)
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eradicated, though 1t exists 1 only very small numbers and malania 15 brought
completely under control (Logan, 1953) In these cases also, ant1 adult measures
were supplemented by antilarval measures

On the other hand, eradication as a bye-product of indoor residual spraying
with DD T has been observed by several workers 1n varous parts of the world
Gabaldon (1949) and Giglioh (1951) have reported the eradication of 4 darling
from Venezuela and Bntish Guana, respectively Dowhng (1951) and Hamon
and Dufour (1952) have succeeded 1n eradicating A funestus from Maunts and
Reumon A sacharor: has been ehminated from certain parts of Italy (Missroh,
Mosna and Allessandrim, 1948) A mnmimus, a notorious vector of the Onental
Region, has been virtually ehminated from the sprayed areas of Thailand (Dy,
1954) It should, however, be noted that all these cases have been observed on
the border-line areas of the geographical distribution of the species concerned
(Gabaldon, 1953) ‘

It, therefore, appears that eradication 1s possible where the veetor 1s
imported mto a new region, where the area concerned 1s lumited and bound by
i - -

e tn wFactnr - JRUR R |

A sundaicus 15 a species of the Malayan sub regton of zoological distribution
and 1s not properly a member of the Indian anopheline fauna  The only locality
n India where 1t 1s known to exist with certainty for a long tume 1s the Sunderbans
in the deltaic tracts of the nivers Ganges and Brahmaputra (Ghnstophers, 1933)
where physical features and ecological condinons are simlar to those in the
Malayan region  Howev fode-
tion was extended up to
(Gravely, 1912) In 193
Budge, only 16 mules frorr
1t occupied practically tt .
lakes of Calcutta and even extended westward up to about 20 miles from that iy
Severe malana outbreaks occurred 1n ail these areas soon after they were 1nvaded
by sundatcus

Another arca where sundaicus 1s known to exst 1s around the Chilka Lake
1n Onissa, though for how long 1t has been there cannot be definttely stated When
Hunter (1872) toured the area extensively to prepare a comprehensive report ot
Onssa to the Government, there was no malana around the Lake, though Pun
Town towards the north and Ganjam Town towards the south of the Lake, were
observed to be malanious However, after a lapse of 40 years, Fry (1912) found
an intense degree of malana infection 1 the same area, with child spleen rates
mdicating  hyperendemic conditions along the Lake shore Sarathy (1932)
observed simuilar conditions twenty years later, showing that there was httle t:h:mE‘r
n the situation duning the intervening period  Though the ume of mvaslun‘)k
Purn 1s not certam, there 1s some evidence of when the nvasion of Ganjam wﬁa’
place  Ganmjam 1s situated about five miles to the south of the Lake Ths ‘;: "
a flounshing port and the local headquarters of the East India Company, wit .
population of 35,000, tll 1815, when a violent eprdemmc of malana occurred

1

t
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town was then abandoned by the Company and soon became a ruined and msigm-
ficant place  If we assume, as perhaps we must, that the malana in Pun and
Ganyam found by Hunter (1872) was due to the presence of sundazcus, 1t was about
the year 1815 that sundaicus first invaded this area {Semor White and Venkat
Rao, 1g46) Though the mosquite was present in_these two solated places, 1t
did not extend mnto the Chilka Lake as long as the Lake had direct access to the
sea and 1ts water was too saline for the mosquito to thnive The subsequent choking
up of the outlet and the resultant freshening of the water and the abundant
growth of fresh water flora there might, in later years, have faciitated the mpid
extension of the mosqutto into this arca (Venkat Rao, 1949)

The next extenston, which was directed southwards, appears to have taken
place dunng or about the year 1930, when violent eprdemic exacerbations were
reported from Chatrapur Town (five miles south of Ganjam) and from a somewhat
extensive area further down the coast known as the * Uddanam ", includmng
Naupada, a salt manufacturing centre  Both these areas were previously healthy,
having been used as sea side health resorts for a number of years Whule, as 1n the
case of Pun (Pamgrahi 1942), Chatrapur suffered only from penodical epidenmc
outbreaks, highly endemic conditions were soon estibhshed in the Uddanam
area, which became notonous for what came to be known locally as “ coastal
malaria »

Cunously enough, the latest mfiltraton to occur was not drected southward
along the coast as might have been expected but extended inland up to about
twenty nules from the sea, though the worst affected localities were situated
within ten nmules of the coast This happened dunng the years 1942 and 1943
(Sentor Whate et af , 1947)

‘Thus, the areas where sundaicus 13 now known to be presentare Lower Bengal,
Chilka Lake area and the coastal tracts of Ganjam and North Vizagapamam
districts (Map 1)

The 1 of of this o\ mnto Lower Bengal has been
descnibed by some authors  After a careful imvestigatton of the means of transport
available 1n Bengal, Sen (1941), observed that, though rulway trams were also
partly involved, 1t was the small ** country ** boats plying the vanous localitres
between Sunderbans and Calcutta that were really responsible for the establish
ment of the mosquito 1 Calcutta, and that parucularly acuve dispersal occurred
dunng the years 1933 and 1934 This mught possibly hase been connected
with the incrensed forest fellings followed by nce cultivation near Port Canning
(Semor Wiute, 1937)

The first invasion of Puri and Ganjam 1n the carly vears of the last century
might have been facilitated likewise by small sea going vessels plying between
Bengal and Onssa At that tme railways did not exist in India

It 15, however, obvious that the mereavailabiity of rarlway and boat transport
docs not by atself result in the expansion of the mosquito 1nto new areas A number

of railway trains run daily between the Chilka Lake and other sundacus nfested
Pt Subuithut ars Sl B Sucha i e

- e e [
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The nvasion of Chatrapur Town, which 1s only five miles south of Gamjam,
vccurred over a hundred years after Ganjam was 1tsclf 1nvaded, while the area
: dsately south of Ch p d free from sundascus for at least ten
years more _ Probably, 1t 1s not availability of means of transport but a eataclysmuc
disturbance like 2 sudden and unprecedented increase in the population of the
species that 1s responsible for bursts of col Defc and ded
culuvation near Port Canntng referred to above mught have resulted in augmenta-
tion of breeding places and ~therefore, in the increase of sundatcus population n
that arca, Dunng 1942, there was an immense ncrease sn the prevalence of
sundarcus 1n the Chilka area, pushing up the density 11i houscs to over one hundred
per man hour (Venkat Rao ef al, 1942)  As Semior White (1948) has observed,
passive migration may extend the species into new areas but it 1s hikely to die
out there, as 1t did 1n the areas west of Caleutta

It 15 thus shown that, except in the Sunderbans, sundawus 1s an imported
mosquito everywhere else  Except in the 1solated locahties of Pun and Ganjam
where the mosquito appears to have been ntroduced over a hundred years ago,
the 1mportation 1nto the other areas occurred 1n more recent times, the last burst
occusring only about twelve years ago

Regarding the second late, 11z, 1 by natural bamers, 1t 13
clear that sundatcus has a strong predilection for coastal conditions and does not
exist far away from coastal and brackish water areas  In Bengal, st has never been
found more than six miles from tidal waters (Senior White and Venkat Rao, 1946)
Throughout the Chilka area, 1f ssolated coll 1n small bers arc excluded,
the specses does not ewst beyond a maxtmum of five mules from the Lake
Further south, including extreme cases, 1t has never been recorded from places
over twenty mules from the Bay of Bengal It has now disappeared, either
spontancously or as a sesult of control measures almost entirely from thes area

A sundareus has not been recorded south of the River Vamsadhara
Chnistophers (1933} referred to sundacus (then known as ludlowi) as having been
included 1n the list of Colombo mosquitoes by James in 1914 but 1t has not since
been recorded there and ss thought by Carter not to occur mn Ceylon

'Thus, the sundaicus infested area n the present West Bengal 1s only about
1,000 5q mmles, while 1n Onssa and North Vizagapatam areas, the extent s
approximately 1,500 sq mles

The 200-mule length of the coast between Pun and Calcutta has not been
surveyed and whether sundmous 1s present there either contsnuously or in isolated
patches, 15 completely unknown The only reference to malana prevalence in
the area 18 made by Hunter (1872) who says that  fever of low malanous type
18 prevalent everywhere and specially so at the mouth of the River Damra, which
13 about as unhealthy as any found 1n Bengal and that the malana season extends
from August to October It 1s also known that the port of Chandbalt 13 hughly
malanous  The presence of surdaicus may be suspected i both the cases  It,
however, appears that continuous distribution of sundaicns all along the coast s
not very probable as surtable l are seldom found wathout
considerable separatory areas  There are, at least, some known healthy spots on
this coast like Contay and Digha  Theinfested area, if there 15 any, 1s thus unhkely
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to be more than a thousand square miles n extent, making a total of 3,500
square miles

If sundaens has not extended further inland than 1t has already done, 1t 15 not
because of natural barriers but because the mosquito 1s incapable of doing 50 owing
to 1ts evident need for an equable cimate  In fact, the only trait 1t still exhubits
n common with 1ts original home, Indonesia, 1s its assoctation with the sea shore

For all practical purposes, therefore, sundarcus has a hmited distribution and
1s subject to constitutionally imposed barners agamnst further expansion inland

As the presence of A sundacus has been recorded only on the east coast of
India between the Sunderbans and the mouth of the Vamsadhara River and
nowhere else, exther 1 India 1tself or mn the countries west of Indta, 1t 1s defimte
that the area of 1ts present prevalence 15 the westernmost himit of 1ts area of
distribution 4 sundateus here 1s occupying an extremely narrow marginal zone

The 15, h ) pl d by the presence, at least in Onssa
and North Vizagapatnam areas of two forms of sundaicus, one breeding n fresh
waters and the other in saline waters According to epidemiological ewndence,
the fresh water form appears to be a potent vector of malara, while the other

form 1s at best a vector of secondary importance (Sentor Whte ¢t al, 1947)

Now, sundatcus has been recogmzed to be pre emnently a salt water breeder
everywhere  The only reference 1n the previous literature to fresh water sundatus
13 made by Bonne Wepster and Swellengrebel (1953), who have stated that there
was a fresh water form i Sumatra, that 1t was a potent vector there and that it
was eliminated when 1ts breeding places—fresh water fish ponds—were eradicated
Thus, fresh water sundatus appears to have existed in Sumatra and still exsts m
India, which are the eastern and western margins of the area of sundauus
distribution

The salt water breeding sundarcus has always been looked upon as a very
effective carner of malara 1n the coastal regions of all countries wherever 1t occurs
However, Taylor (1943) observed that, owing to the lack of direct correlation
between the presence of this species and malarra on all occasions 1 Stngapore 1t
had been thought that 4 sundawcus of that istand mught consist of more than
one species or varety and that more recent work indicated that this * supposition
was correct If, as 1s presumably the case, he referred to salt water breeders only,
1t appears that, even among them, there are forms which are vectors and others
which are not Even m the Arakan region of Burma, Lalor (1g12), F“g“dg
(1924) and Macan and Watson (quoted by Fox, 1949) dissected altogether 6o
specimens with negatwve results and therefore, prima’ facte, sundmeus 1 not a vector
there too  No fresh water breeding has ever been recorded from this area

The available information ndicates that, while there may be, among salt
water breeders, some non vector forms, the fresh water forms are potent vectors
wherever they exst  Subsequent work carmed out by Venkat Rao an
- tON R Y-~ atnam area has shown that the two forms

to differences 1n the number and shape
rewhat sumular to those observed i the
Wepster and Swellengrebel, 1953)
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It cannot perhaps be assumed that the two forms of sundameus have always
been present 1o this area, the fresh water form, which 1s Iocated 1n recent years,
should then have evolved out of the earlier salt water form  Huxley (1942) has
obscrved that a single species may separate gradually mto two or more divergent
lines transccnding the hmts of species distnction and that the separation inte
two mutually mnfertile or otherwise disunct groups may occur suddenly though
the subsequent divergence may be gradual He goes on to state that ecological
but spatally overlapping differentiation will promete dnergence in  general
characters since more pl dap to th 1 I mches will be
advantageous to both species  Probably, when sundatcus 1s faced with the problem
of heavy overpopulation, 1t 1s capable of meeting the situatton by separating,
more or less suddenly, 1nto two or more groups, each occupying a different
ecological zone  When they are thus separated, they may not merge agam into
one speeies through cross matng  Though the vanations 1 male gemtala
mentioned above may not raise a mechamcal barrier to copulation between the
sexes of the two forms, there 1s an 1mponderable factor of a physiol ! nature
operating agunst cross maung in such cases (Fennah, 1946) However, as both
forms exhibit a marked preference to the ecoclimate of the sea coast and are present
together within the same areas, and as both the forms have been found to be
vectors 1n some arca or other, this question, so far as eradication 18 concerned, may
not require further discussion

Having shown that all the three d postulated for a )
eradication campaign are satisfied mn a large measure 1n the case of sundaus, the
specific measures which should be undertaken for the purpose, shall now be
considered I * : o5t . *
that eradicat
larve and ac -
if one has to cam out 1ndoor resrdual spraying continuously over a number of
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. 1
(1054) has reported that sundarcus 1n the Djakarta area of Indonesia has developed
chemico-resistance agamst D D T, though not yet to dicldnn, after a few years’
sprayine indoors  Therefore, as mn all other cases where eradication has been
purposely aimed at, antilarval measures should constitute the pnmary means of
attack, though indoor spraying should also be pursued amultaneously
r‘ . A . . '
¥
Beefields 1s minimal, being restricted to the mouths of rvers and the narrow belt
of neefields along the margins of large bodics of sahne water like the Chilka Lake
The association of sundaseus with aquatic vegetation 18 very stnking and the
species will apparently breed 1n the presence of many different types of vegetation
While dealing maimnly with salt waters, Covell and Singh (1942) have
E;)mlcd out that 1t 15 only when the 1egetation comes above the water surface and
8 to putrefy that the larvze of this species are found  Thus suggests that water
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polluted by rotting vegetation favours the breeding This s 1 accordance with
the observations of Iyengar (19gr) that, besides salimty, orgamec pollution of
the breeding place 15 a cardinal condition of sundaicus breeding  Can this be the
reason for the poor vectonal status of the salt water form, at least 1 the Chilka
area® The critical experiments of Russell and Mohan (1939,1940) have shown
this to be a wrong premuse but Mwirhead Thomson (1951) observed that 1n these
experiments the pollutton was of ammal ongm and that 1t still remaned to be
seen if gross pollution of the larval environment with vegetable orgame matter—
a much more widespread phenomenon 1 nature—would have any effect on the
susceptibility of mnfection of the resulting adults However, Venkat Rao and
Ramaknishna (19474) have shown that, breeding of the fresh water form occurs m
waters which are clear and good enough for the people to use for drinking purposes
and that, when the vegetation 1s removed, the water becomes turbid and polluted
and the green alga, Aficrocystis aunginosa grows in quantities and sundatcus dis
appears It 1s thus seen that the salt water form breeds largely in polluted waters
and the fresh water form 1n clean waters, which may be a significant difference 1
their behaviour

Covell and Singh (1942) observed the association of sundmcus with thirteen
types of aquatic plants and eight types of alge, Najas, Ceratophyllum and
Hydnlla among plants and Lyngbya, Anabena and Spirogyra among alge beng
the most mmportant In fresh waters, association with the same three plants and
Spirogyra was very marked Whereas a thick cover of Exchhorma speciosa m the

breeding place was found to inhibit sundarcus breeding in Bengal (ch‘ngar, xg.;f‘),

i)laces both by Covell and Singh (1942) and Venkat Rao and Ramaknishna {19478}

Control of sundarcus breeding may be effected by the use of pans green of
naturalistic measures hike deweeding  Pans green treatment of the numerous
breeding places at intervals of five to six days 1s a very costly and difficult method
It 15 also likely to be inefficient durmg penods of heavy and continuous ramnfall
Deweeding thus becomes the only reliable alternative available

Deweeding by manual and other mechanical means was tried on 2 Targe
scale i the Chilka and North Vizagapatam areas and proved very effective The
breeding 1s mmmediately checked and the breeding places remain negative for
sundaicus larvze as long as the weed free condition of the water surface 15 maintaine
However, regrowth of vegetatton occurs so fast, at least durmng the first two or thrc:
years, that the mamtenance work becomes very difficult, requinng a large IJabou
force and proper supervision, without which the work becomes unsatisfactory

A very much simpler and equally effective method of deweeding 1s oﬂ"ercg
by the recent introduction of chemical weed killers  These are claimed to rcmaln
effective, after one application, for four to five years, 1n which case one applicativ!
may suffice for the whole campaign :

Wihile this method 1s applicable to mland waters, both fresh and saline, :{
Timuted extent, 1t does not apply, owing to 1ts cost, to the large bodes of salt w;:;us
Tike the Chulka Lake, which alone 15 over 500 square mules in extent But, iz
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lake, though the fauna is marine, the flora is that of fresh water (Annandale and
Kemp, 1915), wiuch can be climinated by raismg the sahintty through the introduc-
tion of sea water, Therem:z © ++ * - T Tt b e
vicimty of the lake where th- -

rigating the nicefields but .

fish supply, for which the I - -

necessary 1o keep the mouth of the lake constantly open for the ingress of sea water,
as otherwise the httoral sand dnft nught soon choke the mouth, resulting in the
ulumate freshening of water in the lake,

Lastly, effectise measures have to be undertaken to prevent resinfestation
from the neighbouring countries, East Pakistan and Burma. It 1s now recogmized
that, for eradicanton of malana or of vector anophelines, 1pternational cooperation
is essental.  The best method would appear to be the apphcation of eradication
measures stmultaneously 1n all the three countres

ACKNOWLEDGEMENT.

The author 15 deeply thankful to the authorities of the Wotld Health
Organization, South East Asia Regron, for their permussion to publish this paper.

REFERINCLS.
Awvaspare, N and Keue, S (1915) Mem Ind Mus,5,p 1
\ziz, M (1918} Proc Fourth International Congress on  Mlalara,

Washimgton
Boxve Wepmrer, M and SweriEncReget,

N H (1933) The anophelive mosquitoes of fhe Indowdustrahian

Region p 400 ) H De Bussy, Apstesdam.

Cisrstoruzzs, § R (1933 am T T e e e,

Coverr, G and Siven, P {1042)

Cranpetr, H A (1934} . ..'

Dowring, M A C (19%))

Dv,F J (1954) .

Fregrive, E 8 (1921) .
Burma

Fevnan R G (1048) Proc Ext Soc (AN p 73

For,D G R (1949 The anophelins mosquitoes of Burma Thess photo-
stat co

Fry, A B (1919) Furst ot on malaria o8 Bengal Tengal Sectt Pock

lcutta
Gavaroon A (1940) Trans Roy Sac Trap Med lyg 43,0 113
Jdern {195 R dr Mol 32,p 1Y

Giousort, G _(1951) ] Aat Mol Sx to,0 142

Gravery, F I (1912) Ree Ind Mus 7, 109

Twovy, | and Dirotr, G (1952) Q.ioted by Gabaldon 1073

Hewree, W W {Ia72) Onsta Smuth Clder & Co, London 2 Vol

Muxary, ¥ (19202) Loplutine  1hy modeey Soeibeses £ I Georgr
Alen & Unwin Ltd_Lond n

Pencar, \L O T (193)) Ind J Med Res,19,p 504

fdrm {1918} J Mat It Ind B p U

Luos, N P O'G (1912) Y4 report on mataria’bn Eygukpyn Toww  Gost Press,
Rangoon

Loasy, A (1053) . mer J ftve Monsgraph ¢ Semys, 20 Quvied in

Trop fns Bullf e p 320 (1837}
Moikous, A , Moswa, E and Ariessivomint, ’ P
Msy Rend @ Inst Sp & Sowmia, 2,p 359



360

Murizan Trosson, R C (1951)

PancraHL R G (1042)
Russzity B F and Mosan, B N (1939)

1910)
Sazamie, M K P (1932)
Sex, P (19
Sexior WH!'m,R (1937)
Idem (1948)
Sewor Wiz, R and Vensar Rao, ¥

Semion Wmm R, Rusaxaisma, V. and
Vankat Rao, V. (1947)

Snousa, A T (1948)

Sorex, F L and Wrsow, B (1943)

Taveor, F H (1943)

Venxat Rao, V_ (1949)
Venkar Rao, oy, BB and Jacan-
NaHA RAo, 1> (1943)
VenxaT Rao, and RamaksisuNa, V
(1947a
Ldem (19475)
1dem (1950)

Possibility of A. Sundaicus Eradication in India.

Mosquito behaviour, p 169 Edward Arnold & Co,
London

J Ml Inst Ind , 4,p 423
Amer F H L 73
Thd, 3o 5 18
Ind Bed" a2 J6,p 2
7 Bomb Nat Hist' Soc (Augusl 1941)
Ind Med Gaz, 72, p 361
Ind 7 Mal,7,p 13

3 Mal Inst Ind ,6,p 297

Ind 3 Mal.1,p 81

Bull” Vorld Health Org , 1, p_30

Anapheles et v Braz, Rockeilicr Foundi
tion,.

g Pablnggun o 5,p 73 School of Public
Health Hygiene, Sydney, Australia

Ind 5 Mal,3,p 313

JF Mal Inst Ind, 4, p 405
Ind 7 Mal,x,p 51
‘17m,x,' "o
Ibid, 4,p 235



Indian Journal of Malarvnlogy, 9, 4, December 1955

SOME MALARIA CRADICATION PROBLEMS
AS VISUALIZED IN 1955

BY
I J PAMPANA, stp
(Chief, Malana Section, World Health Orgamizaiion )
(Vugust 20, 19 5 )

“The ult mate goal of & nation wide malara control programme 1s the
erad cation of the dusease ~ft H O Second Asian Malarsa Conference, 1954

It scems strange that duning the many years of malana control by residual
iseeticades so hittle account has been taken of the destiny of the malana parasite
1 man  Attentton has been focused on vector contral, apparently forgetting that
if the vectors have no mfection to transmut, therr control would be superfluous
The fact that malana infcctions die out spontancously within a few years and that
therefore, 1f no new cases occur or are 1mported, the populition will be cleared of
malaria when those few years are over, was very seldom taken into consideration
when planning programmes  During the develop of a prog ph
was put on eperational techmques, on the number of houses sprayed, on vanations
of vector densities, less frcquently on those of mal 1c rates, but p 11
never on achieving the full snterruption of transmisston which mught have Ied to
the eradication of the infection in the population and to the discontinuation of
msecucide sprayimng  This concept was prescated as far back as 1948 at the
Fourth International Congress of Tropical Mediaine and Malara (Pampana,

1548, 1952}, but 1t was only after the demonstration that some anophelinc species
could develop to chl d hyd

n des that 1t was given
serious consideratton It was then fele that resistance was such a danger that
~fforts should be made to shift the oby of it from simple
malaria control, that 1s red of to malarm eradi so that

wvdnal, e ~pplatateers wodkd be vopped ot Teseasee bed w dhater
1o occur (Pampana, 1954) This principle was discussed and a new strategy
oventually approved by important mternational conferences, both at the inter-
gorvernmental level (XIV Pan-Amencan Samitary Ce Santiago, 1954) and
at the techmeal Ievel (Second Astan Malana Conference, Baguio P 1, 1954) and,
finally, by the Executive Board (15th Session) of the World Health Orgamization

(361)
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mn_January 1955 and the Eighth World Health Assembly (Mexico, May 1955)
While readers of this Journal are probably acquamted wath the Report of the
Second Asian Malarta Conference, 1t might be useful to recollect that the Santago
Conference resolved “that 1t [was] of the utmost urgency that the Member

of natton-wide malaria control so that malama eradication may be achieved and
the regular mnsecticide-spraying campagns safely termnated before the potential
danger of a development of resistance to insecticides 1n anopheline vector speces
mateniahzes” It may be said that there 15 today a large consensus of expert
opinon that wherever it 1s planned to control malania by residual msectiade
spraying, eradicatton of the disease should be the goal, so that the nsecticide could
be discontinued when still fully effective against the vectors Obwviously eradication
- ” nance
1ments
R would
require a larger annual budget than present control programmes, this would
only be required for a few years, so that i the end savings would be effected, and
(2) that by contimung residual spraying from year to year resistance to the
nsecticides might develop and malana control would then become a much more
expensive proposition, 1f not pracuically impossible

But even malariologists, not to mention public health admimstrators, may
have some doubts as to the advisability, the feasibility and the urgency of malana
eradication  These doubts are quite under {able, for erad) s 4 new
venture  We shall try in this paper to foresec some of these queries and doubts,
and attempt to reply

1 One of the reasons that prompt us to change our strategy 1s the develop-
ment of resistance to msecticides s 1t Iikely that resistance, so far described only
1 a few species 1 a few countries or locahties, would develop 1n others? Unfortu
nately there 1s perhaps no answer to ths first query  But this same question came
to the mind of malanologusts after the report of the D D T resistance of 4 sacharort
in Greece (Lwvadas, 1951, Livadas and Georgopoulos, 1953) Later also the
same country A maculipenms and A superpictus were reported to have developed
resistance as well (Belios, 1954) A few months passed Then 1n some localites
of Java A sundacus 1t was demonstrated (Crandell, 1954), had become DDT
resistant  More months passed, and then resistance was stated to have developed
1 A stephenst in some localities of Saudi Arabia (Daggy, 1955) If this has
happened, 1t seems reasonable to think that m the future resistance may occut \;\
other parts of the world and with other species  And as resistance to the chlonnatet
hydrocarbon 1nsecticides mught be, 1n our present state of knowledge, a very
sertqus occurrence In countries which were highly malanous before the 1nceplion
of control, there 15 ample Justification for adjusting programmes 1n such a way a
to obtain most benefit from the msecticides and to stop therr apphcation when they
are still active
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2 Ttisstated that malana eradication is possible because malana infections
are self cuning and do not last more than threeyears  But we all know of ancient
[
P Uy 2 JUUIUIUM AL eet on 3 b ook sasaentl 3
mne to twehe months has been
tn expenimental tnfections with a
however 2795 days (j;lq g)‘ Je oo uel 14ouonws i
L o v

Parta R ea ¢ had
"

IR IR A LY

As regards ziax infections which gencrally do not Iast beyond two yeus
we shall only recollect observations on miections contracted in the South Paafic
tn 13 per cent of which climcal attachs were sull present four years afier
(Hul and Amatuzio 191g)

In concluston there certanly are sfections of P falaparum 1asung more than
one year and of P ruax Jastng more than three years  This is 1 paristological
truth such cases however are rire* and we may assume, for public health
purposes that they do not mvalidate the general statement that if no new cases
of malarsa have occurred for three years i a given locality, sts population no longer
represents a source of infection for anophelines It should not be forgotten that
public health policies are based on generahzations  No vaccination gues 100 per
cent protection and still vacananon has succeeded n eradicating smalipox from
many a country

If exceptionally 1 long lasing malana iofection succeeds mn snfecting
mosquite and m gwing nse to sccondary cases the small outbrenk could canly be
brought under control particularly so 1f residual insecticides can be effectively
cmployed ¥t nught be compared to an outcrop of secondary cases following
the immugration from abroad of 1 gametocyte carmer such as that descnibed by
Brunetti ef ! (1954) mthe US A

3 When could 1t be stated that malana eradicauon has been achieved

We know that among the vanous malinometnc ndices the infant parasite rate
\emenk 11 T <

[E18 [
At L]

fou V1wt (4 ol Higure © depicts thus example Ol course, 2 zero infant
b \4) 4 P
PHMAE Tave Gots Hot hecesardly Ten Wt o 12 ket the populaten ,

o 'n thu connexon ¢ may be neres .
¥ .
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therefore, we cannot say that malania eradication has been achieved when we stop
the msecticide It will be necessary first to set up a machinery of searching for
' R oot e necessary protective measures  This

should be set up, as recommended by

. ire the discontmuation of spraying  We
should assume that, as in our figure, 1t 15 working already n the year which 1s
supposed to be the last of the spraying years In other words, 1n the first example
(a) of Figure 1, 1n the third year of spraying, mn the second example (), n the
fourt year  Now let us recollect the defimtion of the National Malaria Society
of the USA “ Malaria may be assumed to be no longer endemic 1n any given

area when here for three years, if
reporting adequate mnvestigations
are carried mition which had been

quoted by the Fifth Report of the Expert Commuttee on Malaria of WHO)
15 that when malaria ““ 15 no longer endemuc ™ 1 any given area, 1t would mean that
eradication had been aclueved three years before In case (a) of Figure 1 eradica
tion would have been obtained 1n the fourth year, m case (5} in the sixth year In
conclusion the date of actual eradication could only be established retroactvely

It has often been recommended that the area of eradication should be
as large as possible’ (Reports of the First and of the Second Astan Malarta
Conferences)  One would think 1t easter to eradicate malana from a village or a
group of villages rather than from a whole country  But 1t would be impossible
to maintan those localities free of sources of infection for the vector mosquitoes
because we can neither compel the villagers to remarn for at least three years
therr willages, nor preclude the entrance of other people from outside It mmght be
possible to prevent such exchange of persons if the willages were completely
1solated, as, for nstance, 1n the case of an 1sland ~ Wath such exceptions, the large
size of an area would mtminuze the danger of sources of wmfection being imported
The larger the area 15, the smaller would be the danger Eradication on 2 contt
nental scale, as 1t has been decided for the Amencas, once achieved, will have to
establish protection only aganst travellers comung from other continents Or
oceanic 1slands

Still, 1n programmes on a continental, sub continental or even country wide
scale, 1t might be expedient and even necessary to proceed by steps and to spht
the terntory from which malana should be eradicated nto zones with dufferent
prionities  Each of these zones should, as far as possible, be large enough to reach
the borders of healthy areas, or natural, or man made barners so that the
remtroduction of sources of infection would be mmmzed Insome cases this
mught not be feasible, and one nught suggest contnumng the residual spraymng of
all Jocalities situated at the persphery of the eradication area But the danger of
developing msecticide resistance would counterindicate thss idea, which, 1 any
case, would hardly be logical

5 Still, if the eradication arca cannot be surrounded by healthy areas of
adequate barrers, some way could be devised to reduce the danger of resntroduction
of sources of mfection

Let us suppose that, contiguous to eradication area * 4 15 another ma]anogs
area ‘B’ and that the epdermnological condtions 1n ¢ 4 * are such that st can D¢
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366 Malana Eradication Problems as Visualized 1n 1955

foreseen that spraying can be withheld after four years of operations It will be
recollected that the Second Asan Malana Conference agreed that adequate
surveillance of malaria inadence should be mitiated well before the time
of interruption of spraying ”. Then 1n area ‘4’ surveillance should be functioning
not later than dunng the fourth year  Suppose that we provide, 1n the country-
wide programme, for expansion of the operations to area ‘B’ 1n this same year
Then a very large proportion of, 1f not all, new malana cases in *8” will be prevented
m the year What will then be the reservorr of mfections dunng the fourth year
m *B’? Very few falaparum subjects, infected prior to the spraying, will 'sull
show parasites  There will, however, be a good proportion of sources of infections
of P ziwax and of course of P malane, contracted chiefly pror to the beginning of
]

\

n the fifth year) not many could be capable ‘of ifecting the anopheles of *4°
Moreover, as epidenuological surveillance m * 4 * 1s already functiomng, malana
cases both 1n 1mmigrants from ‘B’ and in mhabitants of * 4* (who meght have
become secondanly infected from the former) could be easily traced and dealt
with  Fally, 1f spraying of ¢ B’ in the fourth year reduces, on the one hand, the
problem which faces epidemiological surveillance of ‘ 4 * 1t wall also, on the other
hand, protect visitors from ‘ A’ from getting infected m * B* and carry back the
nfection to zone ‘ 4°

In conclusion, even if no adequate, natural or man-made barner could be
found, 1t would appear that a satsfactory protection mght be secured, if, n 2
’ ¥ tart simultaneously (if not earher)
foreseen and if m the same year

e

6 As the possibility of starting transmussion agan after spraymg s dis
continued appears as a real danger, 1t would be interesing to visualize how
dangerous the immugration of people from malanous areas of varying cndcmx‘m!):
mto the area from which spraying has been stopped, would be If we f““, 4
the area m which spraymg has been stopped, let us call ‘B’ and ‘€ the
surrounding areas, which are both malarious ‘B* 1s jhyperendemc, or hdo!i
endemic  Everyone of 1ts people will probably be infected, but gametocytes we
be found pracucally only m the blood of children Now chxldren,mtroduccdblrtl
area A’ would represent a great danger for infecting the local mosquitoes, I‘)‘
children travel much less than adults, and only a few would be Itkely to be
brought 1nto area © 4 °, moreover, they could be easily spotted, by the surveilfance
teams, and efficiently treated

Area ‘G’ on the other hand, 1s a mild meso-endemic area, let us suppose
with a spleen rate of 20 per cent Here we would probably find gamctt::sy:::
carners among adults, but infected subjects, whatever therr age, w&gulq rcs o
only a small proportion of the total population In the cascs of both ll? Eﬂllls arca;
therefore, the danger represented by mmmgration of peoPlc from malanious arcs
mto the adjormng eradication area (1f this 1s y

large and q
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368 Malana Eradication Problems as Visualized in 1955

(6) Larval control, though excluding the use of the chlortnated hydrocarbon
nsecticides

(¢) Use of drugs Very exceptionally would 1t be possible to submut a whole
population of an area to frequently repeated admumstranons of drugs, for the
orgamzation of such schemes would be very difficult and costly, but ways could
be found of utihzing the spraying personnel for distributing a few mass treatments
to all or to selected groups of the population

The use of drugs mught also be considered 1n areas where the residual
msecticide will succeed m fully interrupting transmussion, with a view to reducing
the number of years during which the insecticide spraying must be continued It
1s realized, however, that with the posstble exception of Pinottr’s (1953) method,
the systematic distribution of drugs or a systematic attempt towards radical cure
of all cases of wwwax or malane infections will be a very difficult problem

8 In programmes aiming sunply at some degree of malaria control, tt 15
not essential, although desirable, to cover by residual spraying (or possibly to
protect by other means) all houses of the area” In programmes amming at malana
eradication total coverage 15 essential  Furthermore, if interruption of the
spraying 1 to be applied as soon as possible, not only total coverage will be essential,
but also a simultaneous implementation of the programme all over the area,
with the same degree of efficiency everywhere (This need of coordination mn
space, time and efficiency was emphasized i the Report of the Second Asan
Malaria Conference) These are, incidentally, the reasoms why eradication
programmes have a higher per capata cost than control programmes If in some

portions of the area people refuse to have ther houses sprayed, or 1f 1 some
- U = 4 e maneta’eaf can tale them,

CESSﬂry
o s e i o3 ¢ been
foreseen had the reaction of the population been more favourable Hence the need
of proyiding for a suitable education of the population on the one hand, and, on
the other hand, for suitable legislation
Legistation for malania eradication should not only provide authonty to
overcome the objections of the nhabitants where health education has fatled,
but, as for instance 1n countries where the operations are largely decentralized,
should also make provision for allowing the central antimalaria organization to
intervene 1if the local authonities are laggmg behind the schedule of the national
endeavour 1n which they participate

SUMMARY

As 1t appears that there 15 to day a large consensus of expert opimon that
the objective of malana control by residual msecucide spraymg should be that of
malana eradication, so that the spraying of insecticide could be discontinued before
the local vectors develop resistance to 1t, some problems related to eradicatron
have been considered These problems are, whether DD T resistance 15 Likely
to develop 1n future 1n other species, whether 1t 15 correct that from the public
health standpoimt eradication of the 1nfection can be achieved after a few years,
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372 Some Aspects of the Nocturnal Behaviour of Anopheles culicifacies
METHODS

Two experimental huts were constructed for the purpose of these studies at
Vithalwadi located on the banks of the Mutha Ruver, six mules to the west of Poona
City  The nver bed itself and several small streams, channels and seepages n
the locality provided good breeding places for A culiczfactes  The huts (Figures
1 and 2) were 8 feet long and 6 feet broad and had gabled roofs, the highest pornt of
which was 7} feet from the ground The walls and roof were made of bamboo
matting supported by strong bamboos at the corners The roof was covered by
thatch and the wnner sides of both the roof and the walls were completely lined with
mud plaster The hut had one door 5 feet X2 feet facing east and only one window
1 foot square on the north  The door could be closed fairly tightly ~ The window
was provided on 1ts exterior with an outlet window trap made of cloth netting
On two sides of the hut, across the middle, was a horizontal opening produced by
the overlapping of the upper part of the matting over the lower part, the space
between the two being about two tnches The extent of the overlap was four
inches, and 2 mosquito 1n order to enter the hut through these openings had to
fly four inches upwards before reaching the interror  When the door was tightly
shut, the only entrance avalable for the mosquitoes was through these long shis
In view of the well known tendency of mosquitoes not to fly downwards when
trymng to escape, these shits provided possible means of 1ngress when the door was
kept shut but not for their egress The dimensions of the hut were such that the
entire intertor could be thoroughly mspected and all resting mosquitoes easily

Tic 1 F.'(Pcnmcmal huts bu It for the study of behaviour of 4 caltcifacres
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Fo& ® Clotery rw of onehu  show ng the window trap  The arrew poan to the s! en rancr

callected by hand with the suction tube A tent was prtched 50 feet nway from
the huts to provide a small field laborttory for use at mght  Except for a couple
of rural houses about 300 yards awzy there were no other houses within 4 radius
of half a mile

A buflalo was tethered in the hut between 18 00 and 07 00 hours on every
nght of obsenation  Several prelimunary attempts wath fuman baus showed
' t r P i — . - I R N

.

nrcessars to be 1ble to spot dead insects

OBSERVATIONS

Qbsenations were made 1n these huts on the ume of emr} and the tme of
fecd ng from December 1951 to Mav 1952 and on the effects of DDT spraymng

m June November wnd December 1952  During the monsoon months no
obeervations v ere made

MOSQUITO FAUNA

Dunug il e course of these stud es adults of tf e fllavang species of mosqt 1toes
v ¢ere collected in the huts —
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Anopheles annulans,
culierfacees,
fhuvratibes,
fyreanus,
Jamest,
Jeyponensis,
stephenst,
splendrdus,
subprctus,
tessellatus,
theobald:
turkhuds, and
vagus

O M1 MBI B -

[EgtRe;

Culex

betaemorhynchus,
Satigans,”and
3 ushnw

»

Further studies were, however, restnicted only to A cubicrfacies

TIME OF ENTRY

In order to determine the time of entry, a thorough search was first made 1n
the huts between 17 30 and 18 00 hours and all resting mosquitoes removed by
hand collecion  Captures were then made in the huts every three hours by tuo
tramned Insect Collectors working simultaneously for thirty minutes, that 1s, between
20 30 and 21 oo hours, 23 30 and midmght, 02 30 and 03 00 hours and 05 30
and o600 hours Agam, a further search was invanably made between 0700
and 07 30 hours to collect any mosquitoes which had entered the hut subsequent
to the search made between 0530 and 0600 hours This time schedule was
observed 1n all seasons of the year

In a senes of 54 observations made with the door fully closed, the total
number of A cubetfactes collected 1n these huts was 492 out of which 447 were
females (Table I) and i another senes of 27 comparative observations made with

. the door fully open 311 males and 1,118 females of this species, or 1,429 1n all,
were collected The figures bring out the fact that nearly five times as many
female A culicifacies enter the huts when the door 15 kept open as when only the
shit entrances are available

Observations made m the three-hourly collections were compared with
another series of observations in which catches were made only once bctwttg
07 00 and 07 30 hours  The data collected 1n t8 observations with the door closet
and 17 with the door open, are given m Table II Many of these observations
were made on mghts alternating with those 1n which three hourly catches ““‘s
made and therefore, the data are generally comparable and the seasanal dnffer:nc;
i the output from the breeding places do not differently affect the two (ypESa .
observations  These figures reveal that when the door 15 kept open, the aver: gls
number of A culicifacres when only a smgle collection 15 made m the morning
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and the early — = -~-% = <+ - ~ -+ - m Tt -
observations

study Of tt .

second quarter, making a total of go per cent entering before midnight Simularly
of the 1,118 females collected i 27 mghts when the door was kept open, 44 pe
cent entered n the first quarter and 23 per cent n the second quarter, making
total of 67 per cent of entry before midmight  These figures bring out the fact tha
while 4 culicifactes enter dwellings througt the mght, the bulk of entry occur
before mdmght and that the first quarter 1s the most active period of entry Th
figures further suggest that a certain proportion of those which enter houses in the
earlier part of the mght, leave them and re enter later  Thus 1n the first quarte
nearly g0 out of 74 or roughly g0 per cent leave the houses presumably m searct
of more congenial places of feeding or shelter In the first and second quarter
put together 23 out of go or roughly 25 per cent leave the houses  This shows that
at least 7 out of the 3o mosquitoes which left the houses out of a batch of 74 whict
entered during the first quarter, re-entered dunng the second quarter Only
about ten per cent enter houses for the first time after midmght

TasLe 11T

Number and proportions of females of A culicifacies entening the hut at
dyfferent quarters of the mghi and the early mormng

‘ Door closed Door open
Number of mghts of obseryations >4 07
Number| Per cent| Number| Per cent
Females of A cufieqfactes captured in [
1st quarter 1% " 4 j 4
ond quarter 1 1€ i *
Aed quarter a a 83 -
4Ath quarter 19 4 1l H
07 0007 30 hours 19 1 0 | 14
Total W § w0 pumm | owe
S P

TIME OF FEEDING
e 1

the proportions of femal
In Table IV are presented figures shz':wm_g e propo e o e s
tled observations Of
The classification @
sed by Viswanathatt
1on of the classes

and B
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Tasre IV.
Propostions of A culialacres females i different gonatraphuc con htwons
{43 1N COTLLCUONS MADE AT'3 HIOUREY INTFRVALS AND AT ¢~ 0.7 % HOUKS

Door closed Docr open
N bt of 5 abtc ol
wlrery ns
" 5.
Fererntages Percentaars
Toatl 1 8 Tio EF 7 C p!ar
Tt quarter 39 16 w2y :{ 02w @le e
Zud quarter =1 LI ] y 1 LU I R3] T oxT o2 "I LU
Brd quarter 8 w6 33 e v 6 W slay 5 owiw w
Ath quarser B0 e e W impe x afe
{
0T 007 3 hours 12 | 6 3% ||,iw L O L T I B )
Total W1 3 12| 3@ 2 T 1862 g 06
@ = Lews than 1 per cent -
(8} IN COLLECTION MADE ONLY AT 6706 07 30 HOURS
Namber of mghts of
otrerations \ 18 -
Percentages Percentages
e TR
Toal' 4 BIC D £ F Tod { 5 €D E'F
Total "-"l 2 13 om 3 2 4 H7 o o0 S u

N
* \ots —The data for nine collections made m May 1752 ot sncluded ax thes are mcompirte
m seapect of gonotrophue canditrons

The classification now used 19 as follows —

Class 4  Empty abdomen, unfed .1 With 0o trace of old blood

42 Wath traces of pressous bloodmeal
Class 8 Freshly fed Bt Fully fed po trace of old blood,

or of ovanan development

B2 Fully fed with trace of old blood
but no ovann development
83 Fully or partally fed with traces
of old partsally digested blood wnd
of ovanan deselopment
Partially fed without trice of old
blood or of ovanan dvelupment
{interrupted feeding)

w7

i

=
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second quarter, making a total of go per cent entering before midmght  Simlarly,

of the 1,118 females collected m 27 mghts when the door was kept open, 44 p:;

! - - ~~ ond quarter, making a

bring out the fact that

1¢ bulk of entry occurs

period of entry  The

ich enter houses m the

. hus 1n the first quarter

nearly go out of 74 or roughly 40 per cent leave the houses presumably m search

of more congemal places of feeding or shelter In the first and second quarters

put together 23 out of go or roughly 25 per cent leave the houses  This shows that

at least 7 out of the 30 mosqurtoes which left the houses out of a batch of 74 which

entered during the first quarter, re-entered during the second quarter Only
ahout ten per cent enter houses for the first time after rmdmnight

TasLe III

Number and proportions of females of A cubicrfacies entering the hut at
different quarters of the mght and the early morming

Door closed Door open

M 7

|

Number of mights of ebrervations
Number| Per cent| Number) Per cent

Females of A culierfacies captured m

1st quarter ‘ 199 ~4 40 ! 44
nd quarter I JUI P¥1 2
3rd quarter [ 2 83 7
Atk guarter 1 19 E3 Dt u
0700 6" 30 hours l 19 4 140 ‘ r

Total ﬁ “w 10 i I" 100

TIME OF FEEDING
1
3

In Table IV are presented figures showing the proportions of [emall_hm

cubtctfactes found 1n different gonotrophic conditons at the ume of capture
f FonereRaLl Table 11T as detailed observations Onr

i every case The classnﬁc:mor;| ann
sches 15 the one used by Viswanat

classes
ANA RAMIACHANULA Iay \sypyy  © her sub-classfication of the ¢k

and
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TanLe 1V,
Proportons of A. culicifactes females 1 different gonotraphte conditions
(1) 1N COLLLCTIONS MADE AT 3 HOURLY INTERVALS AND AT 67 00-07 30 HOURS

Dour closed Door open
Number of nights of
obscrvations
Y \ 180

 Percentages Percentages
Tow| 117 Ve | E|F Towml| 4 |3 cln Elr
19t quarter ‘ 3 . ofmjizf 2{ o 2 w3 swinf el e
2nd quarter ol oafstul o] e s |7 | 81 2 wpeduio
3rd quarter 9 s olor|ass| olo o a |oles) 7z o 01 o
Sth quarter 1w {ofe] slwi{o o e famjesinfafal
67 0007 30 hours 19 ! 3 | 58 ( Wlwl s o) 58 e c’ u{ o
Total w {smlelale .:Lus]u[m:zz @l @

@ = Lews than 1 per cent ' '

(B) IN COLLECTION MADE ONLY AT 07 00 -07 30 HOURS

Number of wghts of
observations 18 7

Perrentages Percentages
. _
c|olEF Towlais ¢|b|E&
01 51 2 51447
A

| _
ITowl| 4 &

Total [mu 2|78 l‘ ‘
]

1181 41‘ 1le o

* Mol —The data for une collcctions made m May 18,2 not included as thes arc ncomplete
0 respect of gonotrophic conditions

The classification now used 15 as follows —

Class 4. Empty abdomen, unfed 4/ With no trace of old blood.

A2 With traces of previous bloodmeal
Class B.  Freshly fed Bt Fully fed, no trace of old blood,

or of ovanan deyelopment
Bz Fully fed, with trace of old blood
but no ovanan development

B3 Fully or partially fed with traces
of old partially digested blood and
of ovarian development
Partially fed without trace of old
blood or of ovaman dselopment
(interrupted feeding)

B

b
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Class € Partially digested blood
and partial ovanan
development
Class D Gravid, with a slight
trace of old blood
Class £ Gravid, without trace
of blood
Class ¥ Miscellaneous FI Unclassified
F2 Partial digestron of blood but no
ovarian development
For purpose of Table IV, however, the sub classifications of A and B are
not used
It will be noticed that 78 per centof all females caught with the door closed
and 64 per cent with the door open belong to the Class B that 1s those which
had taken fresh ILJloodmeals ‘With the door closed, the proportions of specimens
P Toe [ o .

proportion of freshly fed specimens 1n the first and last quarters than'in the second
and third  This may be due to the exercise of a greater degree of chorce by the
mosquitoes resulung 1n some movement of mosquitoes ready to feed to other
possible places of feeding  Altogether while feeding may take place all through
the night, generally 1t occurs soon after entry and as the bulk of the entry takes
place before midmght the bulk of feeding also occurs before midnight

The data also show that a certan number of females 1n the € and D classes
also enter the huts their total proportions being as much as 15 per cent 1n the
closed door hut and 23 per cent in the open door hut  When a single collection
was made at 07 00 07 30 hours their proportions were 15 per cent with the door
clo « "
mn
not o
classes collected been largely restricted to the 07 0o 07 30 hours collection, one
mught have explamned 1t as due to the entry of shelter seekers at daybreak But the
entry of the € and D classes throughout the might indicates erther that dplech‘lS:

second feeding before their first oviy
the proportion of the € and D clas
hut whale 1t 15 only 15 per cent 1n
feeding 15 greater and stimulates entry even with obstacles while the urge for shelter
secking 15 not so great as to surmount difficulties 1n entry

In Table V are given the sub classifications of 1,942 freshly fed 4 mlmﬁm};f
(Class B) females collected m all the captures made 1n these huts and 1n whlc‘t
such data were recorded including also the 447 and 746 females which were deal
with above  Of the 1,942 females subjected to this analysss, 61 per cent were 1
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BI condition 196 1n B2 71 mn B3 and 123 1n B4 From the details of the
classfication presented carlier 1t will be seen that only Bf B7 and B are forms
which actually enter the huts in A condition that 15 in an unfed condition with
- ! M “ ondition and

They form

Imeal on the

T cent of the

tales for the

1posed partly

n behaviour

are roughly 12 per cent of the

agam dunng the same mght to complete their bloodmeals No sigmficant
variations 1 _these proportions have been noticed between the different months
The feeding by a proportion of the sem: gravid mosquitoes within a gonotrophic
cycle somewhat 1ncreases Macdonald s (1950) biing mdex unless 1n the case of
parous females those that bite more than once have therr gonotrophie cycle
extended at least dunng that cycle In the case of nulliparous females the duration
between emergence and ovipositon 1s shown by Davidson and Draper (1g53)
to be at least twice as long as subsequent gonotrophic cvcles Hence the biting
fr?uency 15 not altered  Muluple feeding i the same might by a mosquito on
different hosts profoundly affects transmission the definite extent of which has
not yet been precisely determined

Tanre V

Glassification of freshly fed females of A culicifacies i respect of atl
collections from January to end of \ay

Aonth B
Jan ary 23
Tebruary 18}
March 37
Aprl 4
Ma wt
T 1 Vo
ler cent

OUTI ET WINDOW TRAP

The number ol masquitors ¢ 11 cted in the outlet window traps throughout
the period of these stud es v as very small md extremely disapponting  Dunng
the entire period of study vith ova 0 mghts of obsersations 1n unsprayed huts
only g3 adulits of d culterfa e 16 malcs and 17 females) were found  The outlet
window traps were therefor nat conndered of much vty in the study of

behaviour of this species
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DEGREE OF OUT-DOOR RESTING

The observations made 1 the huts have also not yielded any defimte forma
tion regarding the degree of outdoor resting during daytime resorted to by adults
of A eulicifacies While from a comparison of the number of mosquitoes collected
in the three hourly collections and the single collectton made 1n the morning 1t
has been inferred that roughly 36 per cent of A culicyfacies leave the dwellings at
mght, this movement may only be directed towards finding a better place of
feeding or shelter A fair number enter the dwellings 1n the early mornng
Unless the relative numbers which actually leave the huts at mght and those which
enter the hut 1n the morming are adequately determined 1t would not be possible
to estimate the proportion wh * ' :
of the relatne proportions of
early mormng collections (T
serm gravid females resting indoors 15 only shightly less than the number of freshly
fed ones and the difference may be due to the natural mortahty taking place It
should be remembered that alt the mosquitoes reported 1n these studies were those
which entered the hut during single mghts, for the huts were thoroughly se;\rciicd

days cannot be stated From the first glance of these figures one may conclude
that as the gonotrophic cycle 1s 48 hours practically all the females are endophilic
but this will be true only 1f collections made in dwellings represent the total insect
population  Further studies are needed 1n this regard

BEHAVIOUR IN HUTS SPRAYED WITH DD T

Several prehminary attempts were made to study the behaviour of mosquutoes
1 huts treated with DD T One hut was sprayed on May 23, 1952 at a dosage of
112 mgfsq ft 1n an aromex water emulsion and observations carried on for 11
mghts thereafter till the onset of the monsoon  After the monsoon the huts were
rebuilt and one of them was sprayed on November 14, 1952 at a dosage o
56 mg fsq {t again is an aromex water emulsion and observations were carried
an for six days thereafter  The observations i these two huts are described
below

(1) Hut sprmved on May 23, 1952 —No separate studies were made m this
hut just prior to the spraying but the normal behaviour of the mosquitoes m
unsprayed huts as described above, held good ~ Collections, made on 11 conse
cutive mghts after the day of spraymg, consisted of (1) mosquitoes resting mnside the
hut (xz) mosquitoes found dexd on the floor and (1) mosquitoes found 1n the outlet
window trap In all these observations the door was kept closed and only a single
collection made at 07 00 07 30 hours It was soon reabzed that the number of
mosquitoes found dead on the floor did not represent all the dead ones because O
the miterference by the buffalo which was used as a bait Therefore, the dat;
m respect of this hut cannot be used for quantitative studies but can be employe
for qualitative purposes only In all these collections only two hve 4 culiafacits,
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females both 1 the unfed condition were found resting in the hut  Perhaps they

h A enterrd the hut just prior to the collecion  Light males and 12 females of

t a NP e 12 females g were unfed and
5

A cult 3
numbt c
traps enomenon of
excito repellancy but all these wuau thetefore the

number which escape death 1s perhaps insigmficant

(2) Hut sproyed on Norember 14 1952 —Preliminary observations were made on
four mghts before this hut was sprayed in two of which quarterly collections
were made and in the other two only a single collection ta the mornng was made
In all thesc observations the door was kept open  The results of these collections
were as follows

{ 1) Single collection at 07 00 07 30 Jours —Two obseriations —
Males  Females
A enbafocts o 8(B-6,C 2)
(B) Quarterly collections—~—Tiwo odservations —
Males  Females

1 quarter —
A culerfactes o 14(41 B11,C2)
11 quarter —
A cubesfacees o 38 3)
IIT quarter Nt Nt
IV quarter
07 00 hour N Al

After the hut was sprayed coliections were made subsequently for six
consecutive nights  On these mghts collections were continuously made from 18 oo
to 24 00 hours and all mosquitoes lound resting on the walls or roof caught  The
number of d cultefactes and other llected weze as follows —

Males  Females

I quarter —
A cuberfacies 5 68
Al athers z 36
I guarter —
A culiesfactes o a
All others o 1

The gonotrophic conditions of females of 4 culicifactes were as [ollows —
4 B 4 D £ r Total
8 58 2 o a o
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These observations are admuttedly limuted but strongly suggest that 4
culicrfacres do enter DD T sprayed dwellings and take a bloodmeal 1f faciltties for
the same arc wailable  Most of the mosquitoes collected at might were, however,
found dead beforc the following midday m the cloth cages to which they were
transferred, indicating 4 high rate of mortality In the early morning a few dead
mosquitoes were also found on the floor but no numecrical observations were
possible  There were no observations 1n the outlet window because the door had
been kept open

‘While our huts proved very uscful for the study of certain aspects of nocturnal
behaviour, they were not quite satisfactory for the completion of the studies after
treatment with DD T mamly because man could not be used as a bait The
buffalo was satisfactory so far as studtes in untreated huts were concerned but was
most unsatisfactory for studies after treatment The need now 1s to find a more
‘ cooperative * batt or to find a method of restraming the efficient bait m such a
manner that 1t does not spoil the floor and 1nterfere with studies after treatment

SUMMARY AND CONCLUSIONS

(1) Observations were carried out on the nocturnal behaviour of A cudierfacies
1 two experimental huts constructed for the purpose near Poona City from
December 1951 to December 1952 with a break of four months during the monsoon
A buffalo was used as bait for these experiments
(2) When the only available entrance into the hut was a horizontal sht and
the door of the hut was closed, fewer mosquitoes entered the hut for the purpose
of feeding or shelter than m a similar hut with the door kept fully open
A culirfactes enter the dwellings throughout the mght but the bulk
of the entry takes place before rmd mght There was some evidence to show that
some mosquitoes which enter 1n the first quarter of the might leave the dwelling
and a smaller proportion amongst them re cnter subsequently ~Altogether not
more than ten per cent of nocturnal entry for the first time takes place after midnight

(4) Companng ! 1 collections made
only from o7 30 to o8 6 per cent of the
mosquitoes which ente of the mght It

18 not, however, possible to say whether such egress 15 towards outdoor shelters or
towards another mdoor place either for shelter or for feeding In other words
these expeniments do not throw any light on the degree of endophily respect
of A cubicifactes

(5) Whle feeding occurs all through the might and perhaps relatively c;l';l):
after entry, the bulk of the feeding takes place before midmght because the bul
of the entry also takes place before that time

(6) When the door 15 closed and hornizontal slits are provided for cntryc,
there 15 a greater degree of bar to entry of mosquitoes which do not have al'l"“f%n
for feedmg However, even with such obstacl q not P Y ot
a condttion ready for feeding do enter houses durng the mght On an 3‘;’: n%)t
about 23 per cent of mosquitoes which enter at mght represent those that a
1n a condition ready for feeding
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7) About seven per cent of the mosquitoes with fresh blood were found wath
thesr ovaries half developed and the previous bloodmeal parually digested  As
no dissections were made on these mosquitoes 1t cannot be stated what proportion
amongst them represent nulliparous females

{8) About 12 per cent of the mosquitoes which were ready for fueding
and which had started feeding showed evidences of mterruption This has a great
bearing on the extent of malana transmussion as multiple feeding increases the
chances of mosquitoes getting infected on the one hand and transmutting infection
on the other

(9) Outlet window traps did not prove successful for the study of the
behviour of 4 culictfacies

(10) Prehminary observations made on behaviour of mosquitoes m huts
treated with D D T showed that 1t offered no bar to therr entry into treated huts
and their taking a bloodmeal  There s a very shight evidence of an exaito repellant
mechanism after contact with treated surfaces but on the whole even those which
were exated and repelled have apparently picked up sufficient dose of msecticrde
to be lethal
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MALARIA CONTROL BY THE USE OF INSECTICIDES
A Global Review.
BY
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AND
M I D SHARMA
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(November 3 19 o}
INTRODUCTION

THr advent of insecticides has marked a new stage 1n the long hustory of
malana as thewr ppl has d d unpreced d success in the control
of this disease and the economic feasibthity of nation wide control programmes
throughout the world Pyrethrum sprays were ntroduced on a large scale m
1937 followed later 1n 1945 by the synthetic nsectiides The object of this paper
18 chuefly to review up to date observations made on the use of msecticides m
malana control and particularly their effect on the vector anopheline mosquitoes
m different parts of the world * This has helped to pomnt out certain lacune 1n
our knowledge m respect of some of the spectes It 15 hoped that the review will
be of some use as 1 ready reference to the workers m the field

RATIONALE OF THE METHOD—THEORETICAL
CONSIDERATIONS

- - o ~'~ mosquito
of a vector
- t could be

achieved by reducing the number of sector wnophelne below 2 certamn figure

*The results in term of malania control Fave already been adm cably summar zed by Simmony
and Upholt (19 1} Pampana (19 1) and Russell {190%)
(38 )
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which wns referred to as the critienl density of the vector spectes  With the introduc
tion of insecticides, however, a new concept has been put forward that even
the absence of mosquito reduction, malana reduction can be achieved through
mnterception of the vector A mosquito 15 able to transmit malana only ten to
twelve days after taking an infected blood feed  IF this mosquito conld be
destrayed before the parastte had time to develop to the mfective stage, transmission
of malana would not be possible  The reduction m the longevity of mosquitoes
15 achieved through any of the adulticidal methods whether by space or residual
spraymg

Precise’ 1. ow L alantan af scant o dac han an tha ~~3qmto
would deper cated
surfaces T been
grouped as

(@) Indoor buters and wndoor resters which are most associated with man and
are consequently the best malarna vectors

(8) Indoor biters and outdoor resters

(¢) Outdoor buters and ndoor resters —Both (b) and {¢) have varying degree of
assoctation with man and are consequently malana vectors of secondary importance

(d) Outdoor buters and outdoor resters which are the least associated with man
and are consequently less important 1n malara transmussion

It would be obvious that mosquitoes m groups {a) and (b) have the best
chances of contact with the treated surfaces as they rest or feed indoors, thereby
coming into contact with the treated surfaces In the third group, the
mosquitoes may come Into contact with the treated surface if they rest m
houses after the feed, thus giving a varying degree of malana control, whereas m
the fourth group control by the apphcation of insecticades may not at all be
possible

In the first group of mosquitoes reduction or near eradication of the vector
may result whereas 1n the other groups, there may or may not be appreciable
reduction 1n mosquito density although malana control may be achieved through
1nterception of the vector anopheline

These statements are however, oversimphfied because whether the speces
13 a zoophlic or anthropophilic and what percentage of the mosquitoes rest
indoors or outdoors would affect ther control by the application of residu
msecticides mside the houses

PRACTICAL RESULTS ACHIEVED

Qne thing 1s clear that the application of insecticides has a profound effect
on the control of malana under widely different conditions Malaria reduction
to a greater or lesser degree has followed premises spraying with resrdual 1nsectt
cides whereser 1t has been efficiently carned out sn spite of the diversified habuts
of the vector species A good example may be cited of the two most notonous
vectors of malana in Indra, A culicfocies 15 a domestic species with large numenica
prevalence, predomnantly zoophilic with poor infectwvity rate and on the Coml:?lz
A fluvtatilis 1s a sparse spectes resting mostly outdoors,predominantly anthropop
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Taste 1

LisT OF SPECIES ON WHICH DATA 15 NOT AVAILABLE

PR i . PP o . )

and A fessellatis

The actual results achieved i the field on the effect of insecticides on vector
anopheline mosquitoes are briefly summarized m the following pages The data
on the resting and feeding habits of mosquiioes and their sphere of influence has
also been mcluded *

GROUP (4)
INDOOR BITERS AND INDOOR RESTERS

1. A (M) acomtus Domtz, 1902 —Vector in Indonesta and Indo China

Aduit females, as a rule, feed and rest indoors  They reaculy feed on man
Anthropophilic mdices of 11 2 {caught from houses) and o 5 {caught from stables)
per cent have been recorded from Indo China and 12 0 (cattle present) and 61 0
(cattle scarce) per cent from Indonesia

In Indonesia, Van Goor and Lodens (1952) reported reduction n the vector
population and malana morbidity with DD T residual spray applied at the rate
of 200 mg jsq ft

2 A (M) albutarsis Lynch Arnbalzaga, 1878 —Vector in Brazil, Columbia
and Venezuela

Adults 1n certain areas may occur m houses and show marked preference
for human blood, 1 other areas they do not appear to occur 1n houses, and they
may have preference for ammal bloo

In Venezuela, Gabaldon and Bert1 {1954) have reported malara eradication
Pinott1 {1g51) 1n Brazjl, reported reduction 1n malana morbicdity with DDT.
residual spray apphed at the rate of 200 mg /sq ft though there was no effect
on the vector density

g3 A (M) annulans Van der Wulp, 1884 —Vector m Eastern Indra,
Pakistan and Burma

Adults are found 1n large numbers 1n cattlesheds, and sometimes 1 houses
also  Usually they feed and rest mdoors They are markedly zoophthc
but feed on man as well  Anthropophilic mdices of 10 0 {cattle present) and 50 ©

Publicatens by Covell (1977 1931), Rusecller af (1943 1940 , Bavd (1949) Ruseell (19 °8)
and Gabaldon (1935) have been freely consulte
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8 A (K) cruzs Dyar and Knab, 1go8 ~—Vector m South Fast Bran}

Adults feed and rest indoors and outdoors and prefer ammal blood

In Brazil, Pinnottt (1951) observed no effect on vector density but there was
reduction 1 malana morbidity with DD T residual spray apphed at the rate
of 200 mg fsq ft

9 A (M) cuhafacres Giles, 1901 —It 15 an mportant vector in India,
West Pakistan, Afghanistan, Geylon and Burma

Adult females feed and rest indoors and they bite man freely but the
anthropophilic index 15 usually low, except during an eprdemic  Anthropophihc
mdices of 16 and 2 5 per cent have been recorded from India

In India, reduction 1n vector density and malaria morbidity was recorded
by the application of D DT at 50 60 mg {sq ft and of BHC at 10 mg gamma
somerfsq ft (Jaswant Singh and Dalip Singh, 1949, Viswanathan, 1gs0,
Jaswant Singh ef al, 1951)  Sumular results were obtained in Pakistan and Ceylon
with D DT applications at 25 38 mg fsq ft (Afnd: and Bhatia, 1947, Purt and
Bhatia, 1947) and 50200 mg/sq ft (Rajendram and Jayewickreme, tg47)
respectively

10 A (N) darlings Root, 1926 —Vector 1n British Honduras, Columbia
Venezuela, Guanas, Brazil, North West Argentine, Boltvian foot hills, Equador
and Peru

Thus species 15 markedly anthropophilic, and readily enters houses from dusk
to any time at mpght  As a rule, rests in indoor shelters In Venezuela, out of
100 mosqutoes of this species caught go to 98 were from human dwellings
Anthropophilic index of 63 per cent has been recorded from Brazil

In Brazi), with DD'T (200 mg /sq ft) apphcation though there was httle
effect on vector density, there was reduction 1n malana morbidity (Pinnott, 1951)
Similar applications of D DT 1n Argentina and French Guiana also resulted in
reduction 1n malana morbidity (Alvarado 1953, as quoted by Gabaldon 1953¢
19535, and Floch 1952) There was reduction or eradication of the vector as well
as malania m Boliia (Moscose Carrasco, 1953, as quoted by Gabaldon, 19538
19534) and Columbia (Ranjifo and de Zulueta 1952) and in Venezuela with D DT
applications at 200 mg fsq ft

11 A (M) faraun Lavern, 1goz —Vector 1n Australia, New Guinea,
Solomons, Hebrides, New Britain to Eastern Celebes

Adule females may feed and rest indoors or outdoors and take human of
cattle blood without much preference

In New Hebrdes 1slands and New Gurnea, reduction 1n vector density and
malana morbidity was recorded with D DT application at the rate of 100 mg fsa
ft (Yust, 1947, and Bang ef af, 1947)

12 A (A4) freeborm Artken, 1939 —Vector m West USA, and North

West Mextco vely
Adulis feed and rest indoors  They readily feed on man, show progm: h
higher prevalence of human, pig, horse and cattle blood 1n their preciptin tes
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Reduction 1 vector density was recorded in Nanking Region, Chuina, with
DDT appled at the rate of 150 mg /sq ft (dgr Res Council Ab:fmcts, 19’50, as
quoted by Jaswant Singh et af , 1954)

Ey)

18 A (M) Fop Kord: 1924 —Vector 1n Travancore
(India), Burma, Indo China and South China

Adult females feed indoors but may rest indoors or outdoors and are strongly
anthropophilic  Anthropophilic mdices of 590 and 700 per cent have been
recorded from Indo China

Data on 1ts control by the use of mnsecticides not available

19 4 (M) kocht Domtz, 1go1 —Vector 1n Indonesta  Adults are modera
tely domestic, frequenting houses ‘and stables and feeding on man and animals

Data on 1ts control by the use of msectirdes not available

20 A (A4) labranciuz Fallerom, 1926 —Vector i Spamn, Morocco, Algena,
Tumsia, Italy, Corsica, Sardima and Sialy

Adult females enter houses 1n large numbers  They are not known anywhere
to be effectively deviated from man by domestic ammals They prefer to feed, rest
and hibernate mn buldings This makes house spraying with 1nsecticides specially
effective

In Italy Missirolt et al (1948) reported reductron in vector density and
malana morbidity with DD T (200 mg /sq ft) restdual spray

a1 A (4) maculipennts maculspenms Meigen, 1818 —Vector 1n Turkey and
Bulgana

Adult females feed and rest mndoors and outdoors and prefer animal blood
but at times may feed on man

Livadas (1950) recorded reduction and eradication of vector and reduction
in malana morbidity 1n Greece with DD T (180 mg fsq ft) residual spray
Missirolt ef ol (1948) m Ttaly observed reduction n malaria morbidity but letle
effect on vector density with D D T apphied at the rate of 200 mg /sq ft

22 A (M) mangynus Banks 1906 —Vector m Phiippines

It bites indoors but may rest indoors or outdoors

In Philippines Bhatia (1953) as quoted by Jaswant Singh et of (1954}
recorded reduction 1n 1ts density with D D T applied at the rate of 200 mg /sq

23 A {d) messae Fallerom 1926 —Vector in Hungary, Germany, Poland
U S S R, Balkans and Manchuria

It 15 powerfully attracted to stabled animals almost to the exclusion of man,
but may overflow into human habitation in search of food under various cu’cumr
stances among which are a disproportionate density of anophelines or searaity 0
ammals, or for other reasons connected possibly with temperature, humdity or
odour  Anthropophilic index of 63 o per cent has been recorded Holland

In Netherlands, Cseh Firtos {1952) recorded reduction in vector density
and malaria morbidity with DD T residual spray applied at the rate of 200 300
mg fsq ft
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1 the reduction of malana morbidity  In Bolivia and Venezuela, DD T, applied
at the rate of 200 mg /sq ft reduced malaria morbidity but had httle effect on
vector density (Downs ef al, 1950 and Moscoso-Carrasco, 1953, as quoted by
Gabaldon, 19534 19535)
30 A (M) pulcherimus Theobald, 1902 —Vector i Caucasus and Iraq
The females of this species ltke to concentrate around settlements, but they
occur also far from man and his herds  As resting places, they choose buildings
as well as outdoor places, burrows, vegetation and the ke They viciously bite
man and ammals It 1s 2 bold feeder attacking ammals and man m the open
by day or by mght
Data on 1ts control by the use of insecticides not available
31 A (M) punctulatus Domtz, 1901 —Vector m New Gumnea, Solomons
to Halmahera
Adult females feed and rest indoors or outdoors and take human or cattle
bloed without much preference
Data on 1ts control by the use of insecticides not available
u 32 A (4) quadnmaculatus Say, 1924 —Vector 1n Central, South and East
SA
Adults are most active at rught, females fly as far as one mile to obtain animal
or human blood meal, and readily enter houses where they often spend daylight
hours i dark corners It 15 the most abundant anopheline found 1n houses and
other man-made shelters, prefers bovine hosts, but at times or 1n places feeds on
man
Andrews (1951) recorded reduction in vector density and malana morbidity
mUSA, withDDT residual sprays (200 mg fsq ft}
33 A (M) nifipes Gough, 1910 —Vector i West Affica, coastal region
Adults have been found 1 human dwellings, cowsheds, and outdoor haunts
ncluding rock clefts and cavities i banks along streams
Data on 1ts control by the use of insecticides not available
4 A (A) sacharoms Favre, 1903 —It 1s an important vector in Balkans,
Near East, Central Russia and West China
Adults enter human hab where they p ly bite man They
sometimes feed indiscriminately on man and domestic ammals and rest indoors or
outdoors
Reduction or eradication of the vector species and reduction m malana
morbidity has been recorded from Greece (D DT 100 mg jsq ft ) (Livadas, 1950},
Italy (DD T 200 mg fsq ft) (Missirols et al, 1948) and Jordan (DD T 200 mg/
sq ft) (Fand, 1953) with DD T residual sprays
A (M) sergentt Theobald, 1907 —Vector m Canary Islands, Egyptian
oases, Transjordan and Israel
Adults readily enter houses, and bite most frequently after dark, prefer aumal
blood but at times bite man  They are found resting in caves, karezes, also 1n

houses and tents
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41 A (M) varuna Tyengar, 1924 —Vector of local importance in some
hilly and foot hill areas of East Central India

The adults are found both 1n cowsheds and human habitations, and feed
readily on man

Senior White (1945) obtamed effective control of this spectes for exght weeks
m Jeypore hill tracts, India, with DD T appled at the rate of 50 mg fsq ft

42 A (A) vestitpenmis Dyar and Knab, 1906 —Vector m Mexico and
Britsh Honduras

Adult females readily enter houses and feed indoors but may rest m mdoor
or outdoor shelters They take human or ammal blood without much preference

In Mexicowith D DT applied at the rate of 200 250 mg per sq ft, Salinas
Dopez and Roquet Perez (1g50) obtamned shght reduction m malaria morbidity
but no effect on vector density

GROUP (B)
INDOOR BITERS AND OUTDOOR RESTERS

1 A (N) elbimanus Wiedemann, 1921 -—Vector mn Central Amenca,
West Indies Canbbean Coast, Venezuela, Columbia, Pacific Coast and Ecuador

It feeds mdoors but rests 1n outdoor shelters  Adults are nocturnal 1n habits
and avid feeders on man who may be the preferred host, or on horses, cows, goats
or pigs They invade houses in large numbers but do not, as a rule, remain 1n
houses after sunnise  Its domesticity 15 low in Venezuela  Out of 100 mosquitoes
of this species caught, two to five come from houses Anthropophilic index of
34 per cent has been recorded in Venezuela

With DD T residoal sprays, reduction in vector density and malana
morbidity has been recorded 1n Puerto Rico (DD T 150 200 mg fsq ft) (Gahan
and Lindquist, 1945), Ecuador (DD T 150 200 mg /sq ft) (Montalvan 1953)
Venezuela (D D T 200 mg fsq ft) (Gabaldon, 19534 19538) and Panama (DD T
200 mgfsq ft) (Galndo and Gallardo, 1947 as quoted by Gabaldon,
19532 19536) In Mexico there was slight reduction i malana morbidity but
Dittle effect on vector density withD D T applied at the rate of 200 250 mg /sq ft

2 A (M) fluuahhs James, 1902 —Vector m hill and foot hull regrons of
India

They feed mdoors and a significant fraction of population 15 1n ou(doull'
resting places during the day  The spectes seems to be composed of two biological
races, one 1s strongly anthropophilic, while the other feeds almost exclusvely or:
cattle Anthropophilic indices as high as 87 0 per cent and as low as 1 o per cen
have been recorded 1n India densty

h DD T residual sprays (50 60 mg fsq ft) reduction in vector denst

and rr‘l/:l];;na morbidity has blf:cny régorded n India (Ramaknishnan e a, 1943:
Vedamamkkam, 1949, Jaswant Singh and Kanappa, 1949, Viswanathan, 1959,
and Srivastava and Chakrabarti, 1952)
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g3 4 (M) lnfer Gater, 1941, Sandosham, 1945-—Vector n Malaya

Adults are found mn deeply shaded places in jungle and also 1n houses It
s indoors and outdoors but rests i outdoor shelters It has marked preference
human blood and seldom attacks cattle {Narr, 19474)

With DDT application at the rate of 100 mg fsg ft, Nawr (19475 1951)
ded reduction 1n vector density and malana morbidity

A (M) lewcosphyrus leucosphyrus Domitz, 1901 —Vector in North east

i (India}, Borneo, Indonesta and Burma

Adults are wild and naturally occur 1n dense jungle, but may be found 1n
ses also It feeds indoors but rests outdoors Adults appear to take human
mmal blood without much preference  Anthropophilic index of 75 5 per cent
been recorded i India

Data on 1ts control by the use of msecticides not available

5 A (M) maculatus maculatus Theobald, 1901 —Vectors m Malaya,
onesta, Yunnan and Hong hong

Adults enter houses readily, bite man betweengpm and 2 am and dunng
day are found in houses, cattlesheds and outdoor resting places Apparently
feeding habuts of this spectes differ 1n different parts  In Assam Indo Chna,
th China and Philippines 1t appears to be zoophilic while in Malaya and
onesta 1t 15 anthropophul Anthropophilic mdices as high as 970 and
Jow as 28 per cent have been recorded m Indonesa and Philippines,
sectively

Schiphorst (1952) (as quoted by Gabaldon 1953a 19536), obtamned reduction
alana morbidity with D DT residual application (200 mg /sq ft) whereas
llace (1948) recorded reduction mn vector density with httle effect on malana
bidity with DD T applied at the rate of 100 mg fsq ft

6§ A (M) mmmes fawrostns Ludlow 1914 —Vector i Philippmes,
neo, Java and Celebes

It butes mdoors but rests in outdoor shelters  Adults bite man and catile
1out much discnmunation  They enter houses at mght to feed but do not rest
de Dunng the day, they frequently rest under overh stream banks

In Philippines Smuth and Dy (1949) obtamed htdle effect on vector density
1DDT applied at the rate of 200 mg_persq ft Bhatia (1953) (as quoted by
sant Singh et al , 1954) recorded reduction 1n vector density and malara
bidity with D DT restdual spray apphed at the rate of 200 mg per sq ft

7 4 (A) novumbrosus Strickland, 1916 —Vector i Malaya

It may feed ndoors or outdoors but rt_rests 1n outdoor shelters  There 15
fRetent evidence regarding 1ts preference for human or cattle blood

Data on 1ts control by the use of msecticides not avatlable

8 A (M) pharoensis Theobald, rgor —Vector n Egyptian delta and oases
Uganda Congo

It fecds 1ndoors but rests m outdoor shelters It may be strongly (South
ena) or weakly (Renya) anthropophibc In Egypt, poy andex of
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those caught from houses and tents was g7 5 per cent and those from stables 10 8
per cent  Apparently spends the day 1n ncefields as none are found n stables,
houses or similar shelters (Nile Valley) Prof G Macdonald s €XpeTience 18 Very
much agamst this observation (personal communication, 1954)

Data on 1ts control by the use of msecticides not available

9 4 (4) punctimarulatus Dyar and Knab, 1906 —Vector m Columbra,
Peru and Panama

It feeds and rests indoors and outdoors and prefers cattle blood ~ Adults are
abundant 1n undraned jungle areas and the females engage mn flights, invade
dwellings and feed on human blood

Data on 1ts control by the use of insecticides not available

10 A (A4) umbrosus Theobald, 1903 —Vector n Malaya and Indonesia

It feeds 1ndoors or outdoors but rests outdoors  Adults are fierce buters and
are found 1n deeply shaded places n dense forests and also m houses They have
marked preference for human blood  Anthropophilic index of g5 0 per cent has
been recorded from Malaya

Data on 1ts control by the use of msecticides not available

GROUPS (C) AND (D)

QUTDOOR BITERS AND INDOOR RESTERS , OUTDOOR BITERS AND OUTDOOR RESTERS

1 A (4) bancrofts bancrofts Gales, 1902 —Vector in Australia and Dutch
New Gunea

Adults rarely frequent houses It 1s said to vary a great deal 1n 1ts feeding
habits 1n different areas  In South Queensland 1t attacks human bewmngs 1 the
bush 1n the daytime whale at Cairns 1t 1s sard to show some defimte discnmination
aganst man

Data on ats control by the use of insecticides not available

2 A (A) barbrostns Vander Wulp, 1884 —Vector m Malaya and
Indonesia

To a large extent this 1s a wald species It 1s more frequently found m houses
m the Indian arcas than further east It 1s the common species 1 houses 1n Celebes
The form occurning 11 India seems to prefer blood of domestic ammals, but n
Celebes this species 1 apparently pophil Anthropophilic index of 9o
(cattle present) and 31 0 (cattle scarce} per cent have been recorded from Indonesia
and 95 per cent from Malaya

Data on 1ts control by the use of insecticides not available

3 A4 (K) bellater Dyar and Knab, 1906 —Vector 1n Brazil and Tnmdad

It may feed mdoors or outdoors but rests 1n outdoor shelters In Trimdad
1t does not enter houses 1n numbers and transmssion of malana 1s undoubtedly
almost entirely out of doors It prefers ammal blood but may feed on man

In Brazil, Pinott (1951) recorded reduction i malana morbidity but Lttle
effect on vector density with D DT applied at the rate of 200 mg fsq ft
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A bellator, A nuneztovars, A munimus ﬂazzro:lm, A mouchets mouchen,
A sergenti, A estinip and 4

(¢} It may, however, be pomted out thatin spite of the fact that msecticides
have been used for the control of malana for about ten years there are a number
of species histed below about which no data 15 available

A pulchernmus, A gambie melas, A hancockr, A hargreaves, A mouchets

mgermuu, A pharaenm, A4 ruﬁ[m‘ A barbrrostns, A h_ynanu:mgernmu.r A jeyponienss

st A stephenst mysorensis,

A subp , A b A bammﬂz lzammfh, A punctulatus, A koch:,

A pumtzmnculatu.y, A brunmpes, A fune:m: imenensis, A nili, A kyrcanus williamsont,
A4 ludlow: torakala and A tesseliatus
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