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INTRODUCTION

This brochure by Dr Rama which 1s an claboration
of the thesis he submitted to the University of Bombav
and for which he was awarded the Dossabhoy Cama prize
by the Syndicate of the Untversity 15 as the title indicates
an Introduction to the Malana Problem in India  The
author deals with the problem in vanous aspects He
explams 1t by saying thit the heavy toll taken by
the discase whether of the vl population or of the Army
15 such as to make 1t imperatine for the authonties to be
less apathetic and the people less ignorant about it The
author has by facts and figures shown how greatly malana
contnbutes both directly and indirectly to the ugh morta
ity as well as morbidity n this country He has alo
<hown that mote soldiers bave died of malana than by
enemy action and yet the author points out that more 1s
done to combat diseases like plagie cholcra etc than to
combat malana  This ncglect on the part of authonty as
well as of the people 1s due as stated bv the author to
the fact that the havoc caus~d by malana 15 not so glanng
Iy perceptible as that caused by say plague or cholera
He 1 therefore night i brninging the fact to the public
notce that apart from the high mortality duc to malarma
1t 1s & discase which along with hookworm so widely dis-
tributed i rural areas saps the vitality of the nation and
1s therefore a greter enemy of the people and must not
b neglected any longer

The author gives 1 bref but interesting histons of the
efforts made, to find out the causes of malana and also the
vanous method of combating it He finally says  The
solution of the malania problem n India requires <crious
consideration of five pnincipal factors viz (1) education

3 organuzation (3) medical protection (3) legstabion
and (5) funds

No one will dispute the fact that health education

hould form part of general education of the chuld  The
non teeogmtion of this fact has made ws pay heavih 1






Plasmod um vvax Figs 113 (Ougwall

12 Young trophoote rng forms 33 Growing txph
forms  Parasites show marked amzbo d acti 1ty  Corpuscl s are enla ge !
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Pl modum mal cw Fign 3243 (Nmgnal)
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Caprer I
HISTORY

“ X‘fh:}ﬁ? guer 1 ot a new phenomenon in the medical
VOmxrn ia  Some of the earhiest references to this
e b:;“ the dtharva Veda beheved to have been
i I accoard 0135008 € 1t was dassfied even 1n Atharva
- o g 10 the penoditity of attach of fever ye
o (sadandir) tertan (trshivakam) and guartan
l.& ih’g rlt was also chissified according o the season
Py @Te ever made its appearance viz winter (sifamy
T aismam) and rainy season (vdrsskam) It was
g ispema!!y where there was  excessihve Tam
sak) of too much grass (mijavanta) It also leads
,ulmassumphon that such fevers were common in
o @ (Peshawar Distict and Hoh Mardan) Awga
ry ahout Bhagalpus) and Magadha (Brhar State)
Lereken wirovam sadind nuta Sacadam

.
minawn ¢ tum yuraws gravsmam nilays 18 pkans
AV Vaiss

"
Bt R B A KB et
AN Vs
da From the numerous references 10 1t and analyss of its
ﬁfac{&nshcs 1t wonld appear that malana was the com
et type of fever  Tis assouation with mosquito may
“ Wmised by the desenphions which give nearly all the
“dractensties and habits of mo quitaes especially needle
F‘Pmboscxs (kusiild) bloady mouth (lokstdsydn) and the
% of wisttmg the dwellings after sunset (salak pan
*isanty sdyam) There 1s also reference to the use of odour
S or fumagating medications used to destrog them
Inka g sukta 22 reference)s made to takman  Caraka
a1d Sy ity use the word Jrara for fever in generl Tt
¢ Ynue to be the group name of all diseases with fever as
¢ muyp and domunating ign These authors of the Ayur
Wi peniod classifv fever nta five tvpes nsted of four of
frar' q Veda ir  continuous {Smiatth}  rermtient
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(Satatah) quotdian (Anyedyuskah) tertian (Trtiyakah)
and quartan (Caturthakah)

ye dalah p sayam
Ausuls ye co huhdilah kakublah harubhah srmal
tanosadhe tvam gandhena t1s cinan vinaSaya
AV VII6ro
ye kukundhah kukurabhap kntiwd réam bibl rats
&fba wwa pramviyanto vane ye kuriate gfosam tamto yafaydma
AV VII6x
Ye Yuryam na thiksanta atapantamamum dweh
@ aydn bastwasino durgandhnllo} ttusyan wmakkan nasaymass
AV VilItiz
ye Suryal parisarpanls smuseva Svasuradadbim
bajasca tesam pingaica hrdayédimvidhyatam

AV ViIT62
Punah pancavidho drsto dosakalubalabalat
samtatah satato nyedyustyiiyakacaturthakah
€a G 33¢
Anyedyuskah pratsdimam dinam Pitva tef yakah
Dinadiayam yo viiramva pratyets sa cutiirthakah
Ca €1 367

Saptahan; vd daddbam ta dvadalshamathaps 3
Santatya yo visargs syut santatah sa mgadyate
Akorair atalako dian kalivanuvarlate

Trttyahastrtiye hm coturthe hns catwrthakah
Su U39697071
The sumles given by these two anthors to explain the
advent and periodicitv of this kind of fever are very sigm
ficant Caraka for instance compares the phenomena to
the seed sown 1n the ground which takes one day to grow
1n case of quotidian two days in case of tertian and three
days 1t case of quartan when they grow up they mmvade
the whole body and not being counter acted by anti bodtes
(pratyanska) they canse the fever ~ When the force of these
mvading elements 1s exhausted they return to their ongt
nal hahitat and again begin to grow up  Susruta compares
the advent of fever to the tide and ebb of the ocean
Caraka s account of the Iife listory of malanal parasite 1s
of special wterest Both the authors also state that this
tund of fever 15 common 1n low land or land at the foot of
the mountain  Besides these indirect references to malaria
we find mn the Susruta Samhitd a direct reference fo five
species of mosquitoes 11z sea born globular 1 shape the
huge type blach mn colour and the mountamous  The bite
of the mountanous species (Parvatiya) 1s stated to bear the
same charactenistics as that of deadly mmsects (Prinahars



HISTORY 3

Ruta Damsana) Later references to malanal mosquitoes or
malanal fever n | agabkaja Madhara and Bhavamsra
are simply repetitions of the statements made by these two
anthars  Presumably the use of mosquito-nets {masaka
hari) was also prevalent 1n India as would be evident from
\arco Polo s account as early as the 13th A D
AdMlete yothS Bhumvh buas Adle ta  abate
Adhitete tatha dhdium dosak Rdle ca kupyats
Ss vrdh o blakdlem ea p dpya doparigisy ham
Colw thak vh ca hu wts praly ihkabal kiydt
ArtLd v g v gatabaldh sue sve sths  vyovasthush
fu vipdhdk ste hdls jra ayomly maram smalik
Ca Cl 368¢9 ©
Jathy vegdrame velsh chddaysivd makodadheh
1rzahd au tad v2mbhastal a vadntarmit yats
Dosavegodays tedvadud yela jvaro sya var
Vegahd au p afdmyeta yathd mbhak sdg vé 1 hd
So U 397374
Velakah—sdmudrah parmandalo hastimafhah hgmak paruat ya st
pa ca ta dagtasys (v a ki d  dassatophalcs pariatyastm kt A
£ ah ast lyalihia ah
Su Ke 830

It will be obvious therefore that malana as a dwsease
and 1ts association with the mosquito was known as early
as the Vedic penod 1n ancient India  The word for mos
quito 1n the Atharra Veda 1s makka which 1s the same as
masaka in classical Sanshrit The demvatives of the
word mosquito 1n different Indo-European fanguages pomnt
out that an nsect of this hind can be traced back to great
antiquity *

Tevers recurring penodically and cases with enlarged
spleens were referred to by Hippocrates Empedocles 15
reported to have freed Selinus from fever in 550 BC by
draining the murshes Egyptan  Greek and Roman
\h;n(crs assoctated malana with marshes and bad air
Varro 127 16BC and Columella about 116 B C refer to

minute smmals and noxious streams in marshes  Cicero
wrote about a temple of fever Goddess in Palatine  Godfry

Croek = m w

h':n -M:ug’. fy
Savilrit —Malskama mosquito from the ot maf' (=to bum)

Al these derivath
& word 2 tae Todo Earopin Bnpuate ahe e i aAn i mast be
BiFTated one 10 Grives and the otber to

Al
Iodis Je betire the
p of Jodobaropran Logeign iot cazaknt, Grex Lats e T
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(Satatak) quotidian (dAmyedyuskah) terhan (Trtryakak)
and quartan (Caturthakah)

ye Salah panny sayam P
Ausula ye' ca hukéilal hakubhak karubhah srmak
tanosadhe tvom gandhena tisuciman vinafuya

AV VIH610
ye kukundhah Rukurabhak krttird réamt owbhrats
hliba ra pranrtyanto tane 3¢ kuriate hosem tdmto w1 ayatha s

V VUI61n

ye suryam na iusksanta Mnﬁantnmamnm dwah
arByin bastivaswno durgandhihliakitasyan makkin naéey smas

AV VII61
ye suryat pansarpanty snuseva €uasuradadhim
bajatea tesim pingaéca hrdayédhmmdhyatam

AV VING 4
Punah poncauidho drsto dosahalabaitbaiat
samtatoh satato nyedyustriryakacaturthakah
Ca G 33¢
Anyedyushah pratidinam dinam hitva triyakah
Dinadiayam yo vsdrariya pratyets sa calurthakah
Ca Ci 367

Saptdhary vd dasdham va dvedatshamatbap 1o
Santatya yo visargs syat santatah sa mgadyate
Ahoratre satatako diau kul&'uamwwtalb

Tri yahastetiye hims caturthe hm catnrihakah
Su U3gby 071

The sumiles given by these two authors to explain the

v and periodiaty of this kind of fever arc very sigm
Caraha for instance compares the phenomena to

the seed sown 1n the ground which takes one day to grow
1n case of quotidian two days 1n case of tertian and three
days 1h case of quartan when they grow up they mvade
the whole body and not being counter acted by ant bodies
(pratyanska) they cause the fever  When the force of these
nvading elements 1s exhausted they return to ther ongt
nal habitat and again begin to grow up  Susruta compares
the advent of fever to the tde and ebb of the ocean
Caraka s account of the hife lustory of malanal parasite 15
of special interest Both the authors also state that this
Lind of fever 1s common i low land or land at the foot of
the mountain  Besides these indirect references to malana
we find 1n the Susruta Samhitd a direct reference to five
species of mosquitoes iz sea born globular 1n shape the
huge type blach m colour and the mountainous  The bite
of the mountainous species (Pdrvafiya) 1s stated to bear the
same characteristics as that of deadly insects {Pranahara
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Rita Damsana) Later references to malanal mosquitoes or
malanal fever i Vdgabhata Madhava and Bl

are simply repetitions of the statements made by these tvo
authors  Presumably the use of mosquito-nets (masaka

hari) was also prevalent 1n India as would be evident from
Marco Polos account as early as the 13th AD

AdA tste yathd bh moh byam Mle ca rahaty

Adhitete latht dhdtum dossh Rals ca Awpyats

Sa v dh  balakslam ca pripya dosaststiysham

Cat thakam ca hw wie praty kabalahiyds

ApiLd vegam gatabelih ste sue sthd s vysvasthudk

I awipdbdh ste Adle jua ayonts maom mallk
Ca G 368¢9 o

Sathd vegdgame velss chddayrtvd makodadher

3egahd aw ladevambhastal a vd tarmui yal

D savegodaye tadvadudi yeta ju o0 sya va

Verahdnau p aldmyeta yathl mbhak sigave & tha

Sa U 397374
Waakah—sdmud ah pan wandalo hastomatkah Apgmah pdrval ya e
fa s ta dagtasva (v a kind r dashsalophaica plrvef yasts k tah
173 aharasstulyalektanak

Su Ka 836

It will be obvious thercfore that malana as a disease
and 1ts association with the mosquito was known as early
as the Vedic peniod in ancient India The word for mos
quito in the Atharra Veda 1s makka which 1s the same as
mastka 1 classical Sansknt The demvatives of the
word 11 n d Indo- pean languages point
out that an msect of this kind can be traced back to great
anhquity *

Fevers recurning penodically and cases with enlarged
spleens were referred to by Hippocrates  Empedocles 1s
reported to have freed Selinus from fever in 550 BC by
draming the marshes Egyptian  Greek and Roman
wriers assocafed malana with marshes and bad air
Varre 127 16B C  and Columella about 116 B C  refer to

minute ammals and noxious streams in marshes  Cicero
wrote about a temple of fever Goddess in Palatne  Godiry

8:: :-‘-‘::‘-Ey. fiy

Sanikrit —Malikama mosqults from the foot muf (wto hum)

All these Serivatives point to & common
L & L LR BT b L T
Vo0l Tnuo Laropean agoor 1o meotknt. et oy e spattag
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surgeon described the malara parasite at Constantine 1
Algerta  Itahans considered them as degenerated red cells
They considered that Bacullus malariae 1solated from wate;
and soil by Klebs and Crudel i 1879 was the causati
orgamsm By 1885 Laverans theory was accepted It
1884 Gerhardt had produced an attack of malana by mject
ing blood of malaria patient Golgt and his collaborators
Marchiafava and Celle 1n Italy reported different species o
malana parasites Romanowsky s chromatin stamning
method since 1801 further facilitated observations and re
search  Koch distinetly showed three spectes of malana
It remamed for Major Ronald Ross of the Indan
Medical Service and Grasst and his colleagues to explode
once and for all the theory of malana based on bad air and
decomposing vegetaton Ross when on short leave to
Sigur Ghat in 1806 while mnvestigating cases of malaria
found that 80% of the labourers had enlarged spleens He
had a severe attack of malana mself before he returned
to his duties 1n the army  On the constant persuasion of
Sir Patnick Manson (who 1t may be stated formulated the
hypothesis of mosquito transmssion theory 1in 1894 and st
mulated the interest of Ross in the theary and showed hun
the malana parasite for the first time in London Hospital}
Ross continued his mvestigations  On the zoth August 1897
1n Secunderabad he made lus epoch making discovery
(demonstrating the malana parasite 1n a mosquito that had
fed on blood with malaria parasite) and completed on the
oth July 1898 the hfe cycle of the malana parasite of avian
malana (Pl dt b2 %) I Ut Grass
Bignam: and Bastanelli worked out the complete dev elop
ment for human malana mn Anopheles maculipenmis and
transmutted the disease to man by the bite of the infected
mosquite  Two years after Sambon Low and Terz: hved
mn a mosquito proof house 1n Ostia an intensely malarious
locality 1n Roman Campagna and remamed free from
malaria  Mosquitoes fed on malana patients were sent
from Rome to London and were made to bite other patients
Dr P Manson and Mr George Warren volunteered and
both of them developed severe attacks of malana leaving
no foubt that malana 1s caused by a parasite harboured 1
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the blood of human beings and 15 carried from man to man
by the female mosqusto of a certain species  Full advan
tage of these discovenes was not taken for long despite the
heavy toll taken by malana

in the world “about 300 000 000 people suffer from
malana  In India out of the total deaths n 1931 60%
were due to fever (§ at least being due to malana) and only
5% were due o the much dreaded group of discases like
plagur and cholera  Statistics covering the penod 1932 to
1941 reveal that the malana death rate approximates 37%
of the total number of deaths 1n India

The incidence of malana 1s of a still greater importance
1n war as 1t often incapacitates more troops than battle
casualttes  Many mltary operations have been brought
to a standsull by malana Covell {1033) observed that

the very nature of an army s normal actities 1s such

that almost every action 1t performs 1n a malanious country
15 calculated to promote the spread of the disease viz the
constant movements of troops by might and day the
«mployment of large numbers of men on night duties the
difficulties of enforcing measures of personal protection
the aggregation of large bodies of labourers the consequent
troduction of new strans of malina ameng the troops
the camping of troops In close proximity to malancus
villages for strategic reasons the dispersion of troops over
large arews instead of concentrating them m easthy protected
camps  difficultics of trinsport shortage of anti malana
cquipment and drug and the impossibility of ensunng that
drugs are actually taken wn the dosage and manner
preseribed

Duning the \Valcheren expedition of 1809 out of
40 000 4000 dted from fever as aganst 668 kalled 1n action
During the Ringoon expedition of 1804 05 there were only
35 deaths from wounds but 450 out of evern 1000 men
engaged died of malima  In the Burma cypedition of
18.4 the enturpnise in Arakan had to be abandoned owing
to fover  for everyone Who was not dead was 0 hosptal
(75% of the whole force 1n action)  In 3916 18 malana
cure into its ewn  In Macedonin over 150 000 British
troops wire adnutted to hovpital (Janoans to May 1916
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150 cases June to December 1916 30 000 cases 1917 70 000
cases I9I8 over 60 000 cases, 25000 resstant cases Te
patnated and two milhon days were lost) In East
Africa there were 107 702 admissions giving the highest
rate per thousand Napoleon 1n 1809 15 reported to have
written to one of tus ministers ~ We rejoice to see that the
Enghsh themselves are m the morasses of Zeeland only
Leep them 1n check and the bad air and fevers peculiar te
the country will soon destroy them  In 1942 1n Assam
and Arakan (before anti malaria measures were brought
1nto full force) history once agan repeated itself In Apnl
Ig42 a large ralway project was rendered meffectrve as
0% of the labourers were down withmalaria  In the same
year a quarter of the force m the Assam front became
casualtas from a small winged enemy—dAnopheles mim
mus  In 1943 rato of casualttes from wounds to sickness
was T 121 The total casualty rate per 1000 strength of
Indian other ranks was 1128 g 1 e statistically every soldier
was more than once m hosprtal Half the sick suffering
from all diseases were suffering from malania 1In three
months October to December 1942 18 000 cases mostly
malana were evacuated by the Eastern Army Field
Marshal Lord Wavell instructed the G O Cs i C that In
theatres where future operations are likely to take place we
may well find that disease and especially malana 1s a more
dangerous factor than enemy resistance  We have already
had experience of the effects of a bad malarial season
Assam  We must prepare to meet malana by tramng as
strict and as earnest as against enemy troops  We must be
as practised mn the use of our weapons agamnst it as
we are with the rifle we must study the habits of the mos
quitoes as we do the tactics of the Japanese We must
know methods of anti mosquuto work as well as how to con
struct trenches to hold a posttion

Soon after malana control measures were taken the
malana rate rapidly dropped In 1945 malana incidence
was reduced to one tenth of what it wasin 1943  Over the
whole Alled Land Forces South East Asia the malana
sich rate dropped from 3 65 per 1000 to o 20 per 1000 It
can be confidently said that successful war against malana
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as the major factor n the success of the Allies against the
apanese

Effects of malana in peace ime are not so dramatic as
f diseases ke plague or cholera  Malana imperceptibly
ips the vitahity d hes the normal exp of hie
f those that survne dislocates labour and industry and
tards the economie and social progress of the country as
whole 1t has been responsible for accelerating the physt
at and mtellectual degeneration of the people in tropics for
enturies !

The Live birth rate begins to fall after the malana season
ts 1 and the reduction i3 most pronounced about a
wonth after the epidemic 15 at 1its height  Watson (1924)
ointed out that when women get 1nto a malanious localt
y they rarely become pregnant and when pregnant soon
bort  Brahmachan (1923) observed 1n a severe malana
pidemic that apart from a rse 1n malana mortahty of
00 the recorded non malania death rate nses 2} tumes
falana affects children and particularly those who are still
o their teens destroys their blood cells and renders them
inacmic and stunted both physically and mentally There
an be no gamnsaying that the malaria 1s one of the greatest
roblems which faces India

It not only has a bancful ifluence on the growth of the
population but by lowenng thewr vitabty renders them
more hable fo contract other mnfections It has been esti
mated that at least two million persons die in India every
ye1r Que to the direct and mdirect effects of malana and at
least 225 to 175 million suffer fromat resulting in great loss
of hie widespread muery and n money unbelievable
mutlons of pound stethng annually (Sinton 1939)

Malana takes its toll in some places all the year round
and m others scasopally and peniodically  The Northern
and Western parts of the Indo-Pakistan sub-continent show
marked seasomal inaidence  Chnistophers reported that
duning the 1908 epidemic  many villages and even whole
Thanas showed high mortahty dunng October and “ovem
ber—in some instances as high as 300 400 and even 500
permille  Dunng years of abnormal eprdemics total num
bers of deaths may increase by § to § milon  The rels




CHAPTER 11
THE PARASITE

There are three mam spectes of malara parasites—the
parasites are protozoa class Sporozea  sub-order
Haemosporidia  genus  Plasmodsum—DPlasmodium  vivax
(Grasst and Feletth 1890) causing bemgn tertian
malania P mglanige (Laveran 1881) quartan malana
and P falciparum (Welch 18g7) malgnant tertian
malaria  There 1s a fourth plasmodium called P ovale
(Stephens 1922) * Itis rare and almost himited to Africa and
causes muld tertran fever Each of these has asexual cycle
(schizogony) 1n man and sexual cycle (sporogony) 1 the
female anopheline mosquito  The different types of plas
modia differ in morphology but their life hustory 1s essen
tially the same The parasite 1n man undergoes a sermes
of changes It 1s seen like a pale disc on or within a red
blood cell with black or reddish black particles scattered
i the cytoplasm Particles collect 1n the centre round
which the cytoplasm arranges itself into segments Finally
the red blood cells break down hberating the segments
called merozoites These merozottes adhere to other red
cells enter them and grow at the expense of the haemoglo-
bin and repeat the same cycle  After several generations
of merozottes a few develop mto sexual forms (male or
macro and female or micro gametocytes) The sexual
forms cannot develop any further in the human body
When taken by a spectfic mosquito macro and microgame
tocytes jon (syngamy) and form a zygote The zygote
bores 1ts way through the epithelum of the stomach of the
mosquito encysts between the epithelum and the hmiting
membrane and becomes an oocyst i which numerous
slender motle spindle shaped bodies about 12 154 called
the sporozoites are formed The ofcyst ruptures when
liberating the sporozoites into the caelomic cavity ~ These
sporozoites are motle and get collected 1n the salwary

P tenue (Stephens 1914) 15 of a doubtfol species Man has ako
been expenmentally mfected with P knowless a parasite of monkeys
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glands of the mosquito and are 1njected with the salvary
sccretion into the human body when the mosquito next
feeds The hustory of human malana parasite after being
njected 1nto man by the mosquito till 1t appears n the ar
culating red blood cells remained a mystery tll recently
Shortt e2 al (19482) reported the pre-erythrocyhe forms of
P cynomolgs (a malana parasite of the monkeys) 1 Liver
on the sixth and seventh days of incubation period 1t was
assumed that the hfe of P vwax n man would resemble
that of P cynomolgt as seen n the lier of Macaca mulata
The above presumption was finally proved at Horton hos-
pital Aylrabury where a large number of A maculipenms
atroparvus infected with P viwax were fed upon a patent
and 1solated salisary glands of the infected mosqutoes
were inoculated intravenously into the same patient  The
biopsy was performed several days after The matenal
examwed showed plasmodial masses studded with chroma
tin particles v ery simular m appearance to those presiously
scen n the case of infection of the monkey with P cyno
molgr  The forms seen measured up {0 42 4 1n diameter
and showed in some instances the vacuoles noted i the
case of P cynomolge  (Shortt ef @l 1048b)

Thus the asexual and sexual forms of the malana para
site develop 1 man and mosquito respectively  The -
fected red cells 1n man rupture and relcase the merozoites
to infect fresh cells  This comades with the nse of tem
perature and shivering  The attack of fever may oceur i
one type (quartan) every 72 hours or every 4th day 1n the
other two types (bemgn and malignant tertian) cvery 48
hours or every third day and 1 still other types daily or
aturegulir mtervals (mixed infection) A person gets fever
after not less than 10 to 14 days of the bite of the mosqmto
About 10 days after the attack of fever the sexual forms
maturc m man  If the mosquito of the carmier species feeds
on an nfected man having these sexual forms 1t takes the
parsite about two weeks to dexelop mto the sporozaite pro-
vided chmatic conditions are suitable for maturation of the
malana parasite 1 the mosquite and the blood feed has
been taken from a person carrying the sexual forms which
are fully mature
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THE PARASITE

There are three main species of malaria parasites—the
parasites are protozoa class Sporozoa  sub-order
Haemospondia  genus Plasmoduon—Plasmodium  vivax
(Grasss and Feletti 1890) causing bemgn terhan
malaria P mglaniae (Laveran 1881) quartan malana
and P falcparum (Welch 1897) malignant tertian
malaria  There 1s a fourth plasmodium called P ovale
(Stephens 1922) * It1s rare and almost hmited to Africa and
causes muld terhan fever Each of these has asexual cycle
(schizogony) 1 man and sexual cycle (sporogony) mn the
female anopheline mosquito  The different types of plas-
modra differ in morphology but their Iife hustory 1s essen
tially the same The parasite in man undergoes a senes
of changes It 1s seen hike a pale disc on or within a red
blood cell with black or reddish black particles scattered
in the cytoplasm Particles collect in the cemtre round
which the cytoplasm arranges 1tself into segments  Fmally
the red blood cells break down liberating the segments
called merozoites These merozortes adhere to other red
cells enter them and grow at the expense of the haemoglo-
bin and repeat the same cycle After several generations
of merozoites a few develop mto sexual forms (male or
macro and female or mucro gametocytes) The sexual
forms cannot develop any further m the human bedy
When taken by a specific mosquito macro and microgame
tocytes join (syngamy) and form a zygote The zygote
bores 1ts way through the epithehum of the stomach of the
mosquito encysts between the epithehum and the lmihng
membrane and becomes an ococyst in which numerous
slender motile spindle shaped bodies about 1z 151 called
the sporozottes are formed The obcyst ruptures when
Iiberating the sporozottes into the caelomic cavity ~ These
sporozoites are motile and get collected 1n the sahvary

P tenue (Stepbens 1914) 35 of a doubtful species Man has also
bern expenmentally mfected with P Anowlest a parasite of monkeys
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glands of the mosquito and are ipjected with the salivary
secretion into the human bedy when the mosquito next
feeds The story of human malana parasite after being
wjected 1nto man by the mosquito Gl 1t appears 1 the cir
culating red blood cells remaned a mystery tll recently
Shortt ef af (19483} reported the pre-erythrocytic forms of
£ cyromalge (2 malana parasite of the monkeys) m hver
on the sixth ang seventh days of incubation pertod It was
assumned that the hfe of P vivax In man would resemble
that of 2 cymonsolgs as seen m the liver of Macaca mulata
The above presumption was finally proved at Horton hoes
pifal Ayirabury where a large number of A maculipens
atroparuus infected with P wwavr were fed upon a pahent
and 1solated salnary glands of the mfected mosquitoes
were moculated wtravenously mio the same patent  The
bropsy was performed several days after The maternal
examned showed plasmodial masses studded with chroma
fin particles very stmular 1n appears o those previously
seen i the case of mfection of the monkey with P cyno
molgs  The forms seen measured up to 42 » m diameler
and showed 1z some snstances the vacuoles noted mn the
case of P cynomolgs  (Shortt ef al  1948h}

Thus the asexual and sexual forms of the malana para

site develop m man and mosquito respectively  The m

fected red celis 1n man rupture and release the merozotes
0 infect fresh cells  This comades wath the nee of tem

perature and stuvermg  The attack of fever may eceor in
ohe type {quartan} every 72 hours or every 4th day 1 the
other two types (bemgn and mabgnant tertian) every 48
hours 07 every therd day and an stll other types dady or
atregular intervals (mixed infection) A person gets fever
afler not less than 1o to 14 days of the bite of the mosquto

About ¥o daps after the attack of fever the sexual forms
mature mman 3 the mosquto of the carmer species feeds
on an mfected mian having these sexual forms 1t takes the
Parasite about two weeks to develop wnta the sporozoite pro-
vided chmatic condibons are sutable for maturation of the
malana parasite in the mosquito and the blood feed has
been taken from a person carrying the sexual forms which
are fully mature
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The infected cell becomes enlarged 1n size 1n P vvay
infechon The mfected erythrocytes of P falesparum
clump together and adhere to the walls of the capillaries
leading to serious complication: ted with mahg
subtertian infection  Another notable feature of P faley
parum mfection 15 that the cells may be infected with three
or more sefs of parasites concurrently each causing a contt
nuous paroxysm of fever

The mcubation period differs 1n the different species
about a week to I2 days in malignant terhan about two
weeks 1n bemign tertian and about three weeks in quartan
mfection

Benign tertan infection 1s usually of a persistent type
though 1t may have a low parasite count Symptoms are
usually mid despite chill and high fever and paroxysms
last for about ten hours P wwax like P falciparum can
sometimes give rise to severe cerebral symptoms  (Dhaya
gude and Purandare 1943) Jont pams herpes labials
and gastro intestnal symptoms especially vomuting are
often noted  Malana cases with symptoms of acute intesh
=] obstruction have been described Relapses after as
many as 10 to 20 years have been recorded Rugors with
fever are seen m both bemgn tertian and quartan  Nephntis
has been occasionally found Hyperpyrexia 1s seen espe
cally with P falcsparum nfechon and 1s a dangerous
symptom Paroxysms of fever may last twenty to thirty
hours and may show a double peak and no chill Mild
febnle attacks of long duration anaerma black water
fever together with | cardiac  psyct and
algid types, are not uncommon 1n the tropics

The parasites show regional distnbution and seasonal
preference  One species may be prevalent 1n one season
and another at a different period due to vanations of tem
perature and humidity at different tmes  If meteorological
condittons remam uniform no change may be observed

P uvsvax seems fo predominate from March to July and
P falasparum from July to December reaching maxmmum
meidence 1n May and October respectively

In areas where only one species of parasite 15 predo
mmant 1nfection with the predomnant species 1s found




THE PARASITE 15

and m those areas where two ot three pavasites are found
a person can be mfected with one or more of them  Daffer
ent seasonal changes too may affect prevalence of mixed
mfection  Gametocytes also show vartations Xt s stated
that relative output ts lowest in P falcsparum  on the other
hand sts increased rate of shizogony ensures that its abso
lute output of .gametocytes 15 higher than 1n either of the
other two species  Knowles ¢ al suggest that the propor
ton of gamstocytes wmay depend on long duration of
mfection age of patient {basal metabohsm} admrmstraton
of drugs and the season of the year when exammpation 1
made Mixed infections constitute about 39% of the
generat malana of the world and may be distnibuted as
follows —

P vwax plus P malarac § 1% P wwax plus P falcs
parum 79% P malanae plus P faleparum 30 4% P
wvax plus P salanae plus P falosparum 3 5%

Enowles ef ! {1930} give the following distrbution —

P
B No Ne
Provnces Bouwar i, Jua Mesed  amimed positsve
NWEP 378 a3 brg/ ° 1000 BSTy
Punjab thy 10 wme, s 270 2o
R‘Dﬂhpx“ tana 44 T 44 164 1530
by, inclading S0 ° oen
e {;epal 70 ;’ 3 g’., 263 70 383 1830
i

Bowbay inctuding® ©° ;oo B9 98

5547 [3] 8y 133 16313 7437
Mysor Stata ?
Yyom S Bayq 207 386 1900 359

3 & 7] x:
R R T e
Madras Pray 578 70, 333 §596 000
Axency Tracts Yre 4t05,  iEo 523
Bihar Ovsea. 494 12 492 40 T 478 722
!;::‘m Presy g1 4 Y23y 163 265 19 860 8530
o 383 99 39 74 0over 7814 X

This guves an crerall ditribution ey fallows —
F wwar s
P malanas 13
P falcsparum 5%
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The average gametocyte output of the three species
(Calcutta findings) 1s, for P vivax 212% P malanae
44 7% P falesparum 18 9%  Great vanations are found
especially 1n the case of P falosparum (Knowles et al) It
may be added that the distnbution of the vartous species
1s not clearly understood Distribution of P malanae in
general seems to be limted by summer 1sotherm of 60°F ,
P falovparum by 70°F P malanae appears to be a dymng
species maximum output of P faletparum occurs often
towards the close of transmission pertod

Deaderick reported the following percentages of
relapses —

P viwax 65%
P malariae 5%
P falerparum 45%

It wall be seen that all plasmodia can cause further acute
attacks of malana P wvivax relapses are extremely com
mon and the relapse rate 1s probably higher than quoted
above The study of therapeutically induced malana
shows that benign tertian relapses occur first within three
months of the primary attack and the second between the
sixth and the minth month of the first attack and the malig
nant tertian relapses within three months of the first attach
It may be added that lower bodily resistance from disease
or malnutritton chill over exertion and fatigue also tend to
precipitate relapses

REFERENCES
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THE MOSQUITO

There are approxmately 700 spectes of mosqutoes
m the world but of these only about 18 are anophelines
and out of these about x7 only are important carners of
malaria *  Forty three spectes and ¢ vanaats of anopheline
mosquitoes have been identified m India and Pakistan out
of which about 7 are chief vectors of this disease and a few
athers are of lesser importance

In ther hfe cyele all mosquitees pass through four
stages of development  The fertihzed eggs are lasd by the
adalt female mosquito on water  Anopheline eggs are boat
shaped and are lard singly and have disinctive markings
They develop nto larvae winch he parailel to the surface
of the water and feed on aquabic vegetabion dead or
hving and on ansmal ife  The Jarvze moult four tumes i
teo days to several months and after therr fourth moult
develop wto cornma shaped pupe  For a few hours to
as many as a few days the pupa rests on the surface of
water the skin then sphits and the adult mesquite emerges ¢

* Abaut 60 spocies of Anopheles have boen incrmaated fn the world
e cam: 5y but there may be others zot yet reported

1 Tha Anaph ling and Cul ¢ mi eggz larve pupe and adults can be
dutinguished from the following charactenstics —

Anophel ns Caticrns
Eggs Boat abaped Dorsolateral { cropilar spimcua pro-
fioa traasversety o cese at besd end

Inta clumps g'ving tnan Collect s rafty of hun-
gulac and star shapes dreds of eggs
Lane Agertars on 8th abdo- Long or short syphon
migal regment tube on 8th aidommal
seguen
Flaat parallel to  the Fiost head dawn with
 faze of water syphon tobe on surface
Pupa Spreacl 3 ehort stampy Spiaacl s tonger slend r
a5d fuvnel sha and trampet shai
Adwy Long and clab shaped Long and tapenng palpi
matgy foes palpt dn male  Palps 3y in male  Palp bud hke
oTiR  ag ghmbmcb in shorter than prol
femtde When  restiog fesmale Proboscla beat at
3 to stand oo Hs angle with body Rest

ppear
head except a fou specles pamllel to the su face
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are Jaid and where the larvee breed the water 1s usually
stll  Ovipositing females avord flowing water even when
the velocity 1s as low as one foot 1 20 seconds  Larvee are
unable to resist a current velocity greater than o 2g foot per
second The larve are also strongly attracted to shade
This attraction 1s so great that the Jarvze will Jeave unshaded
zones of still water 1n favour of shaded zones where the cur
rent may be sufficient to flush them downstream The
thermal death point of the larva 1s 41 F The maximum
water temperature of typical A smmus runmng water
breeding places seldom exceeds 35 C It 1s very sensihve
to pollution by decomposing vegetation and this sensitvity
may be one of the decidng factors for the gravid female to
avoid oviposttion 1n polluted water collections  The relation
of ferruginous water to breeding places seems to depend on
lack of food (algz) for the larvae and not to any larviadal
action of collordal iron  Silt by itself has no marked lethal
action on A smummus larvae . The controlling effect atint
buted to silt 1s due to increase in current veloaty A mimt
mus lays more eggs m the but their expectat
of life 15 greater at the end of the ramny season  In the hot
damp monsoon A4 munsmus takes two days to digest a blood
meal and develop 1ts ovaries ovipostang occurs m the
second mght after feeding In cold weather this penod 15
increased to 4-6 days  In the dry zones of the Dooars the
most important breedng places dunng cold weather are
perenmal seepages and small streams It feeds mostly on
human bemngs  Dark houses are preferred as resting places
and go per cent of feeding takes place after mudmght
Natural infections are high dunng the months of March
June August and September

A philippmensis Ludlow 1902 This spectes 15 found
1 Assam East and West Bengal Bihar Bombay Deccan
Chhota Nagptir Konkan Madras Coast North Malabar
Mysore and Orissa It 1s an important vector 1n the plans

of Bengal where 1t breeds in clear cool water
with aquatic vegetation (espigx"“ Hydnila uf
Ceratophyllum demersut g and NIa:'

filamentous green alge exp o
water hyacinth blue green

and C

-

¥
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algz of fanuly Cymophyceae especrally  Microcysts
aruginosa are imtubitory to breeding of the lanve Subsort
ater seems to bear myerse relation to the density of the
breeding the lower the subsoid water level the tugher 1s the
density of this species  In East and West Bengal the adult
mosquite 15 found mamly 1 human habitations (Knishnan
140 Iyengar to44) In Assam however ttis zoophilic
snd 15 normally found m cattle sheds (Ramsay 1044} The
ysual resting places in the houses are on the wall within 2
few feet of the ficor  They bite usually from 3 Py to 10
PMendzaM togaM

A stephenm Liston 1901 Thus species 5 a vector 158
Vestern North western Penmnsula and Northern patts of
Indo-Pakistan su Bombay City Bangal
parts of Uttar Pradesh Tanma Tracts of Chimwan Distnet
Btust Tract of Amraots Distrnct and Rupzar Tract of Bala
ghat Itbreedsn wells tms roof gutters tanks tubs
seepages swamps marshes and umgaton channels  Itcan
broed 1 water contarmmated with sewage (Roy 1931) It
has been yeported breeding in salt pans dunwg September
and October i Bombay (Banay 1943)  Adults are strong
fliers and may fly up to about 3 mules

A stephenss var smysorensis Sweet and Rao 1937
1tis found 1 Poona Sind Vizagapatam Mysore State and
usually breeds sn jrnigation channels margins of streams
and wells It 35 the chief rural carner of malara sn
Vizagapatam (Semor Winte 1943}

4 sundacus Rodenwaldt 1926 Tt 1» found on the
Arakan coast m Sunderbans tn Hoogly Estuary Coastal
Belt of Onssa Coastal Regions of Burma lower Bengal
Madras State m salt lakes of Caleutta and Vizagapatam
Itbreeds w brachish water partially cleared mangrove
swamps  artificial besins 1n which tidal water and fresh
water mix and 15 often associated with ige (Enferomor
pha Cladophora Cyanophyces) Oscillatona germmnala
Lyngbya confervosdes Qedogomumsp and dead aquatic
} tion (Potamogeton pectinatus Halophila orata bound
by alga Lynghya aestuari)  Thes bite both n the day and
night feed on human bemngs and can fly for aver a mile
for thewr food
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CARRIERS OF LoCAL IMPORTANCE

A annularis Van der Wulp 1884 It 1s a camer in
parts of Bengal and Orissa Coastal Plain (Senor Wlute and
Rao 1943) It has once been reported infected 1n nature
at Ferozepur (Adie 1903) It breeds in still stagnant waters
and pools tanks burrow pits and 1s often found assocated
with floating vegetahon (Hydnlla verbicillata Cerato
phyllum demersum) and algal growth (Spirogyra) Even
slow movement of water 1s not favoured by its larvae  The
adults are found m houses 1n maximum numbers dunng
August or September and 1 cowsheds during October and
November Duning September October and the first half
of November the adults appear to live longer and feed on
human beings in preference to cattle

A jeyporiensis var candidiensts Kodzumi 1923
This spectes 15 found 1n Assam Bengal, Uttar Pradesh and
Malabar  Iyengar (1934) reported 4 gut nfechons out of
3833 dissected 1n Travancore It has been reported infected
mn nature i extreme South East Bengal (Arakan) It
breeds in slow runmng sireams and rivers with grassy edges
also 1n lakes swamps seepages and ditches

A leucosphyrus Domtz 1gox It 1s found i Assam
Bengal Konkan Madras Malabar and Mysore State Itis
reported to be a carrier in Digbor Assam (Clark and Chau
dhury 1041) It usnally breeds in parhally shaded slow
runmng grassy edged strexms It feeds freely on human
beings 1n Assam  75% out of 102 examuned were found » ith
human blood {Ramsay et al 1936)

A ‘mactlatus Theobald 1901  This spectes 15 widely
distributed 1n the submontane tracts 1 the North South
and East of Indo-Pakistan sub-continent and
of the Himalayas up to 8 000 feet It breeds 1
pools and river beds in sunshine ang‘
cattle It bites human beings
after which 1t Ieaves the houses .
banks (Venhwss 1941) and 1s of r

A superptcius Grass1 1899
Baluchistan Waziristan and the
found east of the niver Indus 7
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are seepages nvers streams irrigation channels reservorrs
and springs It appears to have marked preference for
running water exposed to sunlight especially along the edges
of streams and masses of spirogyra  The adult mosquito
vests outdoors 1 caves karezes

A taruna Iyengar 1924 It 15 found m Assam
Bengal, Bihar, Bombay Chhota Nagpur Gujerat Konlan,
Madras East Coast Malabar Mysore Onssa and Uttar Pra-
desh It has been found miected 1n nature n Travancore
{(Mathew 1939) Hooghly Delta {Iyengar 1928) Calcuita
{Roy 1039) Jeypore Singhbhum Hills and appears to be
of no impartance elsewhere It seems that there are two
dufferent biological races one 1n eastern coast of India and
the other mn the hls of Central India and Bengal Delta
Itbreeds in terraced nce fields wrigation channels streams
seepages and roadside storm water drams Adnlts are
found 1 cowsheds and human habrtations

CARRIERS OF LITILE OR NO TMPORTANCE

4 acomtys Domtz 190z This 1s found in Assam
Beogal Bihar Madhya Pradesh Hyderabad khonhan,
Madras North Coast Malabar Onssa and Uttar Pradesh
Two speumens were reported wfected (1 gut T gut and
gland) out of 24 dissected at Chandpur Bengal (Das 1043)
One gut nfection was reported from Jeypare Hills out of 107
dissected (Sentor White 1937) and one gut tnfection out of
145 d d from La Goalpara Distnet It
breeds 1 swamps ponds smigation channels nice fickds
roadside druns and tanks with grassy margins ~ Adults are
found i houses and cowsheds

A jeyporensis James 190z This 15 found n Assam
Bengal Hombay Deccan Ceatral India Madhya Pradesh
Utar Pradesh Chhota Nagpur Gujerat Hyderabad State,
honkan Madras State Malabar and Mysore State Two
ot infections out of 674 dissected n Mysore State were
found (Nursing Rao and Swect 1934) Semor White
{1937) reported four gut infections out of 315 dissected i
Jeypore Hil Tract  Ramsay efal (1936) recorded one gut
infochon out of 31X5 dmsocted It breeds i streams

3

3
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wngation channels, edges of ponds and lakes  Adults are
mostly found 1n cattle sheds
karwar: James 1903 This species 15 found m

Assam Bengal Bihar Bombay Deccan Chhota Nagpur
Konkan Malabar Mysore State and Onssa  One gut m
fection out of 125 specimens dissected 1n Assam (Strekland
1920) and no infechon mn 15000 dissected {Ramsay et a!
1936) have been reported It breeds in springs pools cool
stream, swamps and seepages Adults are found both 1n
cattle sheds and human habitation but mamly feed on
caftle

A kochs Domtz 1901 Ramsay (1930) reported only
two gut infections out of 77 d d m July at Cachar
Assam (total dissected in the year 2113) 1t breeds m
small pools mmgation channels streams contamers and
split bamboos It feeds both on men and ammals

A palhdus Theobald rgor  This has been reported
infected 1n nature from Chanda Madhya Pradesh (Kenrich
1914) Knshnagar Bengal (24 per cent gut infechon
Sur and Sur, 1929) Birnagar Bengal (Bose 1931)
Brrbhum Bengal {0 03% sporozoite rate Timbres 1935)
Udaipur State (07 per cent gland infechon Roy and
Biswas 1g42) Semior White and Adhihan 1940 reported
only four infected out of 3157 dissected 1n the East Satpura
Ranges It breeds 1n borrow pits nice fields and tanks
Adults are mostly found n cattle sheds

A pulcherrunus Theobald 7902 It breeds m swamps
pools and collections of stagnant water  Adults are frequent
1n both cattle sheds and human habitation It 15 a strong
flier

A ramsays Covell 1927  Only one gland infechon
was reported out of 287 dissected 1n Assam by Ramsay 1n
1930 No further infection has been reported (Ramsay
1943) Itisfound in Assam Bengal Bihar and Orissa and
breeds in tanks pools and swamps with vegetation especial
ly Pistia strahotes  Adult mosquitoes rest in both covshed
and human habitation

A splendidus Kordzum 1020 It has been reported
infected 1n nature from Saharanpur (Robertson 1910) 2nd
Karnal (Macdonald and Mapd 1931) It breeds in small
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pools seepages tanks and streams with alge  Adults a
found 1 cattle sheds and houses

A subpictus Grasst 1809 Tt has been reported infer
ed 1 nature at Pattukhottas Madras State (x gutand x g
and gland ont of 13277 dissected Russell and Rao 394¢
Two gut wfectons were also found postive m Ennore o
of 4728 dissected {Russell and Jacob 1939) It breeds
collections of water borrow pits roof guiters contamne
sewage poliuted pools and even m brackish water  Adu
mostly feed on cattle and are found both 1 houses at
cattle sheds

A vagus Domtz 1002 It s found 10 Assam Beng:
Bihar Bombay Deccan Madhya Pradesh Chhota Nagpu
Gujerat Hyderabad Konkan Madras East and West Coa
Malabar Mysore State and Onssa It has been reports
wlected 1n nature {rom Pattukkottar S India (one gla
infection out of 6874 dissected Russell and Rao loe e}
from Assam (2 gland infections out of Yog5z dissecte
Strckland ef of  1933) It breeds wn small pools and

found 1n houses and catte sheds but feeds mostly
ammals

T foflowing addional spect £ of anophetin s have been reported
Todia But patueal infection 1 them have mot yet been reported —
dthen A athemt var bewgalen s A annandal A awnand
VA mnteeruptus A o b ostns A ba bisvstrs var ahwn A berian
H A ol vige var hatabs A culrformus 4 dikali A pgas A gy
VA balep A ggas var vefutans A pigas var smlensis A Ayreaw
A hyr axks vax mgemimus A wswlefiorom A panen A 1adess
A T doap ear wdpcus A 4 A woghulenas A e
ol & prgurenst A se gent A satom A 4 s fates A th bol
4t Mind ‘and A wmbrasus
followlng are ktown eetors 10 the neighbounsg countnes
Burma mumimus A 3 pponen 15 var condid enst
wndscus A awnvlins

Yalagy A sunda ws A pacwlatus A wmb osws
iva A sumdacus A dcomius
Cmatrs A sundaiews A acomis A by conws var somen

A drucorphyras 4 wmbrosus A hach A swbp o
1 A arduvsing
Ddolhina and) A mrmur 4 gayporen s var cand denwns A
St " awdf o ur vac cwenw 4 su docus A bt ¢

thern Chuna b andefimstus
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SOME IMPORTANT FACTORS RELATING TO THE
PREVALENCE OF MALARIA

Conhinued existence of malaria depends on a varety of
factors some of them bemng —
Distnbution and prevalence of malana
Chimate
Plant fe and malana
Immunity—race age sex and occupahion
Man made malana

DISTRIBUTION AND PREVALENCE

Malania 15 a focal global disease and extends to
60 N latitude m Russia and 40 S in Argentme as
hgh as gooo feet 1n Quito 1n Ecuador and as low as
1300 feet below the sea in the Dead Sea The distn
bution of malana in the world 1s usually divided m three
zones viz the temperate zone {40 N to about 60°N with
patchy distnbution of malaria and benign tertian as pre
domnant spectes and with little malarta 1n the correspond
ng zone of the southern hermsphere) the subtroprcal zone
(Tropic of Cancer to 40 N and corresponding zone of the
southern hemisphere with autumnal eptdemics and mahg
nant tertian as the common wfection and bemgn tertan
frequent 1n the malarious regrons) and the tropical zone
{Tropc of Cancer to Tropic of Capricorn with mahgnant
tertian as predominafing parasite wide distribution of the
disease and 1n areas near the equator throughout the year)
The Indian sub-contnent with 1its greatest length north to
south about 2000 miles and 1ts greatest breadth from east
to west about 1500 miles shows a very great vanation of
physical features  Inthe wide range of 1its latitude and
longitude 1t offers an Archic chimate 1n the snow-clad areas
15000 feet up m the Himalayas and a great belt of
temperate and tropical chmate lower down The winter
1sotherm at the foot of the Himalayas 15 about 50 F The
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plains of the north have extremes of clumate bitterly cold
sa winter and bhistening hot m summer  The south remaws
hot throughout the year (wnter 75 £ summer 82 F)
Rawfall varies from place to place from the world s hughest
record of about 430 1nches at Cherrapunp 1 Assam fo Jess
than 6 inches 10 a year m Rajputana and the west The
greater part of the Punjab (pre partiton) contams nch
alluvial soif brought down by the rivers while the southern
tableland 1s composed of rocks wath a thin layer of soil
The western parts of India and Malwa bave black cotton
sol  The Assam Valley between the Burma Hulls and the
Humalay as 15 50 mules wide and 300 oules long and 1 full of
detntus 10 a depth of about 3 mules The meltng snow
from the Himalayas gies nise to a 7 mile wide nver the
Brahmaputra  Heat and help thich forests hke
thase of the Sunderbans to floursh at the mouth of the
Ganges whereas heat with no moisture pervades the deserts
3 Rajputana and the west  Depending on the fertility of
the soul the popul, m the Indo G tic plain and on
the Western and Eastern Coasts 15 very thick but m Smd
and Rajputana sparse  These widely different conditions
of soil and clunate varymg from snow bound rocks to warm
well watered and fertiie valieys persuade men to sow duffer
ent crops by different methods to undertake different unga
ton and engineenng projects They provide breeding
places for dufferent species of anopheline mosquitoes
Knowles ef al {1930} observe that zoogtapheally the
Indian sub-contiment differs from other malatious countres
at all ponts except as regards the North East Frontier The
Persian desert cuts 1t off from the malanal Tegion of Meso-
potama 1n the west the Pamirs separate it on the north west
from the malana of the lower Oxus Valley whilst to the
north the Humalayas and the immense tableland of Tibet
at an elevation inhibitory to the disease sepavate it from the
mahna that s hnown to occur i Sibena Wath the excep-
fion of the North East Irontier the ocean bounds the
tematnder It must have been through the corndor of the
Brahmaputra Yangtse that malaria entered the country
hashmur which 15 the farthest pomt from the entrance s
comparatnely malara free  Plasmodmm  malange  the ©
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low humudity and at low temperatures they do not bite
They can however, live for long periods with infected
blood meal and can convey the disease when the tempera
ture rises again except when they are 1n a state of complete
hibernation  With high hurmdity the mosquitoes may not
only Iive to allow the parasite cycle to be completed but
to transmit the infection to several persons  The mmmum
temperatures for continuous development of P malane
P viwax and P falcsparum are generally 165 C 175 C
and 18 C respechvely

PrLANT L1FE AND MALARIA

Plants provide under certain circumstances protec
tion and food to mosquito larve In gheels tanks
ponds and numerous collections of water a careful
observer will find four different zones of vegetaton
A bottom zone (vital layer) of silt with microscoprc plants
putrefachon bacterna  sulphur bacteria 1on bactena
unicellutar plants (the Diatoms) and blue green alge the
second zone of flowenng aquatic plants rooted to the bottomn
layer (viz mbbon shaped green leaves with underground
trathng stems of the Valhsnersa spirahs) The third zone
1s composed of floating and submerged vegetaton The
commonest water plants 1n India are the Hydrilla veriicil
lata Ceratophylium demersum Mynophyllum tubercula
tum Lagarossphon Roxburghn Najas sndica N foveolata
Utricularsa flexnosa U stellans and others  Finally the
fourth zone 15 composed of numerous floating and ampht
bious plants  The floating vegetation may be non flowenng
water plants or minute flowening plants hke Wolffia Lemna
and Azolla (which incidentally serve as food for fish) But
often these non flowering or minute flowening plants are
replaced by larger plants such as Pistia siraliotes Salvima
cucullate and water hyacinth  These large plants provide
support to varous types of amphibious vegetation like Jus
siea repens Ipomaa reptans Enhydra fuctuans ap
Hygrorhs.a anistata etc  The vegetation if allowed to grow
unchecked forms a dense canopy on the surface of
the water The actvity of the putrefying bacterna and
Scluzomycetes of the vital layer converts rotten vegetabon
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and orgamc matter nto nuinent salts ang prowvides m
exhaustble food for the growth of plants Dense vegetaton
consequently develops and puts an end to the hife of various
fresh aquatic fauna lLike cyclops copepods rohfers para
meqium amoeba and other lower members of the animal
kmgdom (These smaller members form food for crusta
ceans fish etc) The adverse effect on the vanous faena
1s maimnly due to absence of ight and oxygen and the pre
sence of gases The association of vartous types of vegeta
tion with breeding places of various species of mosquitoes
has not yet been thoroughly inveshgated but there 1s no
doubt that further researches will soon establish mtmate
Tefation of various species of mosquito with different types
of aquatic growth  Reference has been made (while dis
cussing bionomics of the different species) to the fact that
breeding places of A_ philippinensis larvee are associated
with Hydrilla veriscsllata Ceretophylium demersum Utn
culana_Najas and non holding masses of filamentous green
alge Duckweed water hyacnth blue green alge such
2 Anabena Oscllatona Mycrocystis @rugenosa and
Euglena and other flagellates appear to render the collec
tons of water unsitable for breeding places of A phuip-
pinensis larve A sundasrus 15 often associated with
vegetation such as alge (Enteromorpha  Cladophora
Cynophycea) Oscillatorsa germinata  Lyngbya Confer
tordes Qedogomem and dead aquahc vegetation (Pofo
mogenton pectinatus Halophila ovata and the well known
brackish water blue green alge Lyngbya estuars) A

1 hke A philipp 15 found associated with
floating vegetation composed of Hydnlla verticillata Cera
tophyllum demerswm and alge growth mawmly of spio-
82 A ramsays 1s found occurning with Pistia stralioles
(Biswas 1940 1944 1945)

vy

It 1s common experience that some patents suffer
ing from malana spontaneously recover without any form
of specific treatment Spontancous recovery of the patient
infected with malana parasites points to a very cfficient
defence mechanism 1n the body Expenments on rhesus
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low humdity and at Jow temperatures they do not |
They can, however hve for long periods with infe
blood meal and can convey the disease when the temp
ture nises agam except when they ar¢ m a state of comy
libernation  With high hurmdity the mosquitoes may
only hve to allow the parasite cycle to be completed
to transmt the infection to several persons The muin
temperatures for continuous development of P mals
P vwaxand P falerparim are generally 565 C 17¢
and 18 C respectively

PLANT LIFE AND MALARIA

Plants prowide under certain crcumstances pro
tion and food to mosquto larve In jheels fta
ponds and numerous collections of water, 2 ca
observer will find four different zones of vegetal
A bottom zone (vital layer) of silt with mucroscopic pk
putrefaction bactena, sulphur bactena ron bact
unicellular plants (the Diatoms) and blue green alge
second zone of flowering aquatic plants rooted to the bo
layer {(wiz mbbon shaped green leaves with undergrc
trayhng stems of the Vallsneria spsrabs) The third
1s composed of floating and submerged vegetation
commonest water plants 1n India are the Hydnlla ver
lata Ceratophyllum demersum Mynophyllum tuben
tum Lagarosiphon Roxburghy Najas indica N foveo
Utriculana flexwosa U stellans and others Finally
fourth zone 1s composed of numerous floating and an
bious plants  The floating vegetation may be non flowe
water plants or minute flowering plants like Wolffia Le
and Azolla (which meidentally serve as food for fish)
often these non flowering or minute flowenng plants
replaced by larger plants such as Pistia stratiotes Sah
cucullate and water hyacinth  These large plants pro
support to varous types of amphbous vegetation Iike
swea repens Ipomea reptans Enhydra fluctuans
Hygrorhiza anstata etc  The vegetation 1f allowed toy
unchecked forms a dense canopy on the surfac
the water The activity of the putrefying bactera
Schizomycetes of the wital layer converts rotten veget:
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and organic matter mto nutrient salts and provides in
exhaustible food for the growth of plants  Dense vegetation
consequently develops and puts an end to the life of various
fresh aquatic fauna Iike cyclops copepods rotfers para
mecium amoeba and other lower members of the ammal
kmgdom  (These smaller members form food for crusta
ceans fish etc) The adverse effect on the various fauna
1s mainly due to absence of hight and oxygen and the pre
sence of gases  The association of various types of vegeta
ton with breeding places of various species of mosquitoes
has not yet been thoroughly nvestigated but there 15 no
doubt that further researches will soon establish mntimate
relation of various species of mosquito with different types
of aquatic growth  Reference has been made (while dis-
cussing bionomics of the different species) to the fact that
bresding places of A phulipp larve are d
with Hydnllz verticilata Ceretophyllum demersum Utn
eulana_Najas and non holding masses of filamentous green
alge  Duckweed water hyacnth blue green algz such
3 Anabana  Oscillatorsa” Mycrocystis arugemoss and
Euglena and other flagellates appear to render the collec-
ftons of water unswitable for breeding places of A4 philip-
pmensis larve A i 15 often d with
Megetation such as alge (Enteromorpha Cladophora
Cynophycea) Oscillatona gersmunata Lyngbya Confer
vordes Oedogomum and dead aquatic vegetation (Polo-
mogenton pectinatus Halophla ovata and the well known
brackish water blue green alge Lyngbya astuars) A
lans Whe A philpp 15 found assoctated with
floating \egetation composed of Hydnlla verticillata Cera
fophyllum demersum and alge growth mamly of spro-
gyra ramsays 1s found occurring with Pisha siratioles
(Biswas x990 144 1945)

Dstonary

It 15 common expenience that some patents suffer
g from malana spontaneously recover without any form
of specific treatment  Spontaneous recovery of the patient
nfected with malana parasites pomts to a very efficent
defence mechanism m the body Expenments on rhesus
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low humidity and at low temperatures they do not bite
They can however hne for long periods with mfected
blood meal and can convey the disease when the tempera
ture nises again except when they are i a state of complete
labermition With high hurmdity the mosquitoes may not
only Ine to allow the parasite cycle to be completed but
to transmut the infection to several persons  The minmum
temperatures for continuous development of P malane
P vwavand P falaparum are generally 16 5°C 175 C
and 18 C respectively

PLANT LIFE AND MALARIA

Plants provide under certain circumstances protec
tion and food to mosquite larve In gheels tanls
ponds and numerous collechons of water, a careful
oberver will find four different zones of vegetaton
A bottom zone (vital layer) of st with mcroscopic plants
putrefachon bacterra  sulphur bactena won bactena
unicellular plants (the Diatoms) and blue-green alge the
<econd zone of flow enng agquatic plants rooted to the bottom
layer (viz Tibbon shaped green leaves with underground
trahing stems of the Valhsnerra sprrahs) The third zone
1> composed of floating and submerged \egetaton The
commonest water plants i India are the Hydnlla verficl
lata Ceratophylum demersum My nophylum iuberculs
tum Lagarossphon Roxburghn MNajasindica N_foveolsta
Utricdana flev osa U stellans and others Finally the
fourth zone 1s composed of numerous floating and ampht
bious plints  The floating \egetibon may be non flowenng
water plants or minute flowenng plants like Wolffia Lemna
and Azolla (which ncidentally serve as food for fish) But
often these non flowenng or runnte flowenng plants are
repliced by Irger plants such as P shia stratiotes Seluima
cwee flata ind wakr hvacnth  These Jarge plants provide
support to 1m0 types of amphibious vegetation like Jus
sura repers Ipomcea replans  Enhydra fluctuans an
Hygrorlu.a anstafr cte  The vegetation of allowed to grow
uncheched forms a4 dense canopy on the <urface of
the wakr  The activity of the putrefving bactern and
Schizomyeetes of the vital layer converts rotten vegetabon
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other human beings by about the end of third week A
few cases of malana thus occur by the end of the fifth week
The persons now 1nfecfed produce large number of game
tocytes by the end of the sixth week and infect many
mosquitees  The infected female anophelines 1 their turn
are able. to mfect many persons by the end of the eighth
weeh  Thus by the end of the tenth week from the imtial
laymng of eggs an outbreak of large number of malana cases
occurs  The subsequent events depend on the conditions
favourable for propagation and longevity of the carmer

1 and facilities for the spread of

From the above very brief account the complewity of
the malana problem 1s obvious The principal factors not
only differ between districts of the same State but also m
fural and urban localities of the same distict  The same
species of mosqmito may behave dufferently under duferent
condit viz 1 a dang sector 1
Malaya s relatively mnocuous m India 4 philippinensis
s found 1n human habitations 1n Bengal but Tests 1 cattle
sheds tn Assam It 15 probable that these are biologically
distinct races of the same species  Strains of malana para
Stes show a wide vamation A commumty may be rela
thely 1nmune to a patticular strain of a species of malaria
parasite and show a very low mcidence of malana but a
forergn strain may precipitate an pid if e
are favourable for the spread of infecton It 1s essential to
study and make a survey of each locality before attributing
nedence of malana to any of the factors referred to above
Dufferent species of anophelines may require different control
measures Ity ¢asy to understand how immense harm can
be done by putting embankments ralways roads drains
and b““'aEﬁ n places where from malana point of view
they are not desirabl by selecting a sifc for hal with
out a previous malaria survey of the locahty by leaving

TTO% pits and brchfields unattended thereby increasing
Jecd“‘g Places for mosquitoes by faulty methods of irnga
o0 by njudicions horse construction by imperfect drain
2ge or sewage system and by uncontrolled aggregaton of a
Tge population
.
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natural surroundings were carried out  The lull section of
the Bengal Assam Railway 1s an outstanding example shere
jungles were cut down and graves took their places It 15
stated that one man died for every sleeper lad

Mararia Forecast

N

For malania to spread there must be infected persons
with sufficient number of malana parasites female anophe
hine mosquitoes with facihties to breed and bite human
bengs and the presence of susceptible individuals  Epide
mics oceur when a large number of non :mmune persons
enter mnto a locahity or if a foreign strain of malana parasite
18 infroduced into a commumity  In areas where retnocula
tion practically throughout the year does not take place
seasonal epidermics occur 1f there 1s an mcrease of the infec
tive vector with faciiies for spread of infechon The
Punjab (pre partition) Health Department used to forecast
the probable mcidence of malana every year in the begin’
ming of September  The method of forecasting was based
on the hypothesis that malarja epidemics occur due to the
loss of equibnum between infechon and immumty
consequently mvolving the consideration of humdity
spleen rates epidenuc potential and economtc factors An
excesstve ramnfall 1n July and August extensive floods a
relatively high epidemic potential factor {above 60) a low
spleen rate 1n June and a famine or relatively higher price
during the preceding year give warmng of the onset of an
epidemic  Such forecasts based on the above mentioned
factors, have proved of immense value to warnn good time
the areas hkely to be affected {Butt 1944)

EPIDEMICS

The sequence of events m epidemues may be sum
mansed as follows The surviving malara carrying mos
quitoes lay eggs By the end of a week or ten days adult
mosquitoes Temerge  They may take blood feed from
human bemgs who are gametocyte carriers  The number
of such carners however 1s low at this stage The few
female anopheline with infected blood feed are able to infect



CuapTer V
ELIMINATION OF BREEDING PLACES

Effective anti malaria measures include measures to
prevent infective species of mosquitoes from breeding
offensne campaign against mosqutoes i all stages of
development careful defensive action to protect human
beings from the bite of mosquito and administration of
drugs to kil the parasite injected into the system by mosqus
toes that survive offensive action and penetrate defences

Man made breeding places n fields and firetins
borrow pits and brickfields tubs and tanks reads raways
and the like and those i nature like swamps seepages
etc  can be readily elminated by simply ensuning
adequate drainage of water and by preventing water from
collecting

SWAMPS AND SEEPAGES

Rawn water either flows down the earth as surface water
and runs 1n streams rivers and ultimately into the sea or
percolates into the earth emerging lower down as seepages
and swamps  Usually some of 1t runs s surface water and
the remamnder sinks mto the earth Such collections of
waler can be got nid of by a well planned system of dramn
age  The drainage may be open on the surface or subsoil
leading from subsidiary drams to the maimn dran

Surface or open draimns should be narrow with sides
free from vegetation and with adequate fall and depth and
tounded bottom Subsidsary drains or tnibutanies should
jom it at an acute angle  In swamps they can be made to
run parallel or i herring bone arrangement  In foot hulls
lt:xls best to mark out soon after a shower of ramn areas of
drS}\C'St spings and seepages and then to dig a contour

an of adequate size (usually 4 deep 6 wide at the top
3:1& % at the bottom) at nght angles to the flow of water
lQDWn the foot hill  Excavated earth should be thrown at
lhm'(;o behind the drain~ Drams have been excavated
: 2 US A and Palestine by laymg dynamite charges 14
¢t apart in holes (Svensson) This method has been

4
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The 1nfectivity of the anopheline and the factors dis-
cussed above alone do not always explam the abnormally
high mcrdence of the disease  All possible associated fac
tors have theref: to be tigated  For
overlapping of two species ke 4 leucosphyrus and
A mmmus 1 Assam and habaw Valley lead to senous
results  One specie may appear for a short period but can
commence transmission early raising the gametocyte rate
1n the local population, consequently when the other specie
appears 1t starts intensive transmission
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ncreasing the outlet  helps to get nd of the collection of
water Itis however emphasised that 1t 15 not necessary
to drain alt pools and swamps  if larvie are not found breed

ing 1 them Injudicious construction of drains in areas
where the vector mosquito breeds in runming streams s
obviously dangerous In some arcas with moderate mon

soon ramfall bunds are put so that rain water 15 directed to
4 single Lido or depression

BORROW PITS AND BRICRFIELDS

1t 15 a common practice to dig earth for the construction
of roads railways canals embankments and in brick hiln
areas leaving behund vast pits below the dramnage level  If
the carth 1s so excavated as to leave an even slope no water
will collect  Where such a procedure 1s nat possible the
pits can be dug in senes connected with each other and
sloped so that no water 15 able to accumulate  Partal filling
may be required 1n places to ensure a proper gradient A
note of warmng may again be given that draiming of the
pits by connecting them can lead to dangerous breeding
places 1n areas where the infective vector breeds in drains
with grassy edges and running water  In such areas it may
be possible to break the impenious stratum and mahke
vertical dramns  Filling n of pits 1 sdeal but the cost 15
often prohibitsve
QUARRIES

Quarnes leave numerous depressions  Quarrying
should be done vertically so that the face 1s only very shght
Iy undermuned (preferably not at all undermined) "leaving
no chance for water to collect

HOLES [N TREES ROCKS AND SAND

Holes 1n trees and focks require filing with earth
Crab holes and the hke may be filled with Pars green sand
or carth
FieLps

Fields with wet cultnation may be assocrated (espe
cally 1n the case of imgation channels 1 the nice fields)
with malant  Frelds flooded with silt are less lable to
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found not only labour saving but also quick The
drains may be budt with or without lining  Pukka
cement or stone 1s rot absolutely necessary for more
than 3” above the normal flowing water level 1n the drain
If the storm water dramn 1s intended to carry sullage
m additon to ram water the whole dram should be
Imed and provided with central cunette for carrying the
perenmal flow giving the least breeding surface The un
lined drawns often get damaged and require constant atten
tion 1n cleaning and grading These drawns can also be
made of circular pipes 4 to 12 1 diameter I to 2 long
or open concrete inverts can be laid and covered with gravel
and earth and thus prevent ramn from damagng the top The
laymng out of sub soil drains requires shilled labour Imtial
cost 15 high but recurning expense 1s low  They can be
easily supervised

Faggot or fascine drains have been successfully used
1 Malaya and Africa (Watson, 1942) on a large scale Drams
are filled with lengths of cut bamboos complete with leaves
as they are cut from the trees In a mune 1n Afnica these
covered drams were made 1n 1932 and were found working
well for long perods up to 1939 without any repaws or
npkeep  Stone packed drains can also be made They
often require remewal Sub dramnage has been used mn
Kangra Valley and has turned a highly malanious water
logged area 1nto a cattle grazing ground free from mafana
(Rama 1946) All that was done was to dig kuicha surface
drains  they were covered with flat stones and earth and
grass was planted on top

At tumes 1t 1s difficult to drain collections of water Iying
over an impervious stratum In some cases a pit can be
dug and a shaft drven vertically down through the
impermeable stratum  Stones are pached round the shaft
“These vertical dramns 1n selected smtable places effectively
accelerate percolation of water  The number of such vertt
cal drams depends on the stze of the area to be dramed
In a few cases all that 1s required 15 to submerge or to flood
the swamps by puthng weir lower down These can b‘;
sluiced or larvz can be dealt with by a switable anhlatva
method Imvanably the rule of decreasing the mlet or
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ncreasing the outlet  helps to get nd of the collection of
water It1s however emphasised that it 15 not necessary
to drain all pools and swamps :f larve are not found breed
g 1 them Injudicious construction of dramns 1n areas
where the vector mosquito breeds mn runming streams s
obviously dangerous In some areas with moderate mon
soon ramnfall bunds are put so that rain water 15 directed to
a single Lido or depresston

BORROW PITS AND BRICKFIELDS

1t 15 a common practice to dig earth for the construction
of roads railsays canals embankments and m brick hdn
arcas leaving behind vast pits below the dramage lesed  If
the earth 1s so excasated as to leave an esen slope no water
will collect  Where such a procedure 15 not possible the
pits can be dug in senes connected with each other and
sloped so that no water 1s able to accumulate  Partial filling
may be required in places to ensure a proper gradient A
note of warming may agan be given that draiming of the
its by connecting them can lead to dangerous breedin,,
places in areas where the mfectine vector breeds 1n drains
with grassy edges and runmng water  Insuch areas it may
be possible to break the mmpervious stratum and mahe
vertical dramns  Filing i of pits 1~ 1deal but the cost 1
often prohibitive
QUARRIES

Quarnes leave nomerous depressions  Quarrying
should be done vertically so that the face 15 only very shght
Iy undermined (preferably not at all und d) leaving
no chance for water to collect

HOLES IN TREES ROCRS AND SAND

Holes i trees and rocks require filhng with earth
Crab holes and the ke may be filled with Pans green sand
or earth
Tietps

Fields with wet culthation may be ssociated (espe
cally in the case of imgation channels 1n the nce fields)
with malarin Tields flooded with silt are less hable to
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breed mosquitoes  The 1naidence of malana may depenc
on the methods of rngation  Perenmal irngation channel
from canals give nise to seepages and water logging anc
mundation irmgation leaves pools after the flood subsides
Counter dramnage good mamtenance of channels and
sluice gates and restrictions on water supply can reduce
the number of breeding places considerably Channel banks
should be protected if necessary by fencing  Disused water
courses should be filled 1n as far as possible  Intermutfent
drying of fields reported by Russell has proved a great
success 1 South India where rice fields are kept dned for
two days i the weel.  Kalandadze and Sagatelova (1944)
have drawn attention to the fact that anophelne eggs or
larve may not die unless drymg 1s absolutely complete
as in the presence of shght moisture the eggs especally
anopheline eggs can survive for over a weeh  Intermittent
flooding has ot only reduced the number of breeding places
but has 1n many cases 1mproved the yield of crops

Prees

Piped water supply for irmgation or domestic use
requires constant supervision of hydrants storage tanks and
stand pipes  Hydrants and shuce valves should not Jeak
A concrete platform with a proper drain to allow the water
to run off should be provided round hydrants and stand
pipes
WELLS TANKS AND SWIMMING POOLS

Wells can be rendered innocuous by introducing
larvivorous fish or sealing the top with concrete and ifting
the water by means of a pump A mosquto-proof cast iron
nspection door can be ncorporated in the concrete seal

All water cisterns sumilarly require well fithng hds and
the side hales must be closed mn all cases to prevent entry
of mosquitoes

Water 1n the swimmung pools etc should be changed
weekly

Draws
Domestic and sewage drains require spectal attenhon
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As far as possible they should not cross the road or
neighbouning houses  They can be made of sermi-cy hndncal
glazed pipes or concrete halves  The termunal drams can
be rendered mosquito-proof by covering the last 75 with
toncrete I the connection 1s made with a pipe of
6 diameter a 12 fect off set effectnely prevents the
entening of mosquitoes and consequently prevents breed
g The same prinaiple holds good for venhlahon shaits
Ventilation shafts of dimensions of more than 6 dixmeter
will require mosquito-proofing  The man druns are
usually 8 wide at the top 2 at the bottom and 5 deep

SEWAGE DISPOSAL

Sewage disposal (except when in the sea or large nyvers)
requires constant supervision A sfephenss has been
reported to breed in sewage contaminated water
RoaDS AND RAILWAYS

Embankments put across natural dramage lead to the
nise of sutsonl water and obstruct the flow of storm water
and thus lead to numerous collections of water Al
embankments across the natural hne of drunage should
be avoided  Drams should be provided on erther side of
the embanfiments so that any water fihely to collect 15
dramed off In road and rulway construction the
problem of embankments requires sersons consideraion A
sulficient number of bridges and culverts wath mverts placed
at correct lovel can prevent collechions of water  Collee
tions of water on roads bt under bridges may require
pumping out
DAMs AND BARRACES

Dams and barrages often gne nse to a tumber of
breeding places  Drawnage of overflow presention of leaks
and ptovision for rapidly Jowuning the Yevel of water i 1m
oounded waters help considerably 1n reducing mosquito
breeding
Jusotr cLearaee

Indicniminate  cleanng of Jungle 15 dangeron
Bronomes of the mosquitoes honld be <tuded
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breed mosquitoes  The mcidence of malana may depend
on the methods of irmgation  Perenmial umgation channels
from canals give nise to seepages and water logging and
inundation 1rngation leaves pools after the flood subsides

Counter dramage good mamtenance of channels and
sluice gates and restrictions on water supply can reduce
the number of breeding places considerably Channel banks
should be protected if necessary by fencing  Disused water
courses should be filled in as far as possible Intermittent
drying of fields reported by Russell has proved a great
success 1 South India where rice fields are kept dried for
two days n the week  Kalandadze and Sagatelova {1944)
have drawn attention to the fact that anophehne eggs or
larvze may not die unless drying 15 absolutely complete

as 1 the presence of shght morsture the eggs especially
anopheline eggs can survive for over a week  Intermittent
fiooding has not only reduced the number of breeding places
but has 1n many cases :mproved the yield of crops

Prres

Piped water supply for imgation or domestic us¢
requires constant supervision of hydrants storage tanks and
stand pipes Hydrants and sluice valves should not leak
A concrete platform wath a proper dramn to allow the water
to run off should be provided round hydrants and stand
Ppipes
WLLLS TANKS AND SWIMMING POOLS

Wells can be rendered mnocuous by introducing
larvivorous fish or sealing the top with concrete and hiting
the water by means of a pump A mosquito-proof cast iron
1nspection door can be 1ncorporated mn the concrete seal

All water cisterns similarly require well fitting ids and
the side holes must be closed 1 all cases to prevent entry
of mosquitoes

Water m the swimmung pools etc should be changed
weekly

Drans
Domestic and sewage dramns require special altention
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As far as possible they should not cross the road or
neighbounng houses  They canbe made of sem-cylndncal
glazed pipes or concrete halves  The terminal drau:s can
be rendered mosquito-proof by covering the Jast 75" with
concrete  If the connection is made with a pipe of
6 dameter a 12 fect off set effectinely prevents the
entering of mosquitoes and consequently prevents breed
iy The same prinaple holds ¢ood for ventilation shafts
Ventilation shafts of dimensions of more than 6 dameter
will requre mosquito proofing The mamn drams are
usually 8 wide at the top 2 at the bottom and 5 deep

SEWAGE DISPOSAL

Sewage disposal {except when in the sea or large nvers)
requires constant supervision A sfephenst has been
reported to breed 1n sewage contaminated water
ROADS AND RAILWAYS

Embankments put across natural drainage lead to the
nse of subsoil water and obstruct the flow of storm water
and thus lead to numerous collections of water Al
embanhments across the patural hne of dramnage should
be avorded  Drains should be provided on erther side of
the embapkments <o that any water Dihely to collect 15
dramed off In road and railway construchon the
problem of embahkments requires senous consideration A
sufficient number of bridges and culs erts with inverts placed
it correct Ievel can prevent collections of water  Collee
tions of water on roads built under bndges may requtre
pumping out
Das AND BARRAGES

Dams and barrages often give Iise to a number of
breeding places  Drainage of overflow prevention of leaks
and provision for rapdly lowening the level of water m 1m
pounded waters help cons derably 1n reducing mosquito
breedin,

Jinee ceesrance

Indiscimunate cleanng of gk s
Buonom es of the mosquitoes <hou]d1be€stbudkd duogeross



44 INTRODUCTION TO MALARIA PROBLEM IN INDIA

DRy pay

There are numerous breeding places that can be el
nated by every individual  Pots and pans tins and bottles
should not be carelessly thrown away ~ Small collections of
water m pits and pools i and aronnd houses should
be filled or dramed It should form a rule in every home
to empty all vessels contamming water hike chatites buchets
etc at least once a week In public instituhons hke
schools offices and mumaipahties a dry day every weeh
should be observed  The object of this measure 1s that on
one day in the week every place 15 kept completely dry
for a short tme A thorough inspection of the whole area
within fixed hours should be carned out to ensure that no
collection of water has been overlooked

REFERENCES

CovELL G (1041) Anty mosquilo measures with special reference
to India Health Bulletin No 1t Malana Burean No 3
Manager Publication Delh

KALANDADZE L P AND SAGATELOVA (1044) Trop Dis Bull 41

16

RAmgA B L (1046) Ants malana measures Yol Rangra Valley
not published]

Svms(ssoNp R 4 )hnndbook of malarsa control Shell Book O

Compames
Warson M (1942) Some Emergency Ants Malanal Measures Ross
Institute Industrial Advicory Committee 6
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CrAPTER VI
ANTI LARVAL MEASURES

Before starting anti larval measures 1t 1s necessary o
study the local breeding places the ecology of the
mosquitoes parhicularly the vector species Much time
labour and money can be saved if those places only are
treated which breed mosquitoes especially the vector
spectes It may be added that 1n an area other species of
mosquito though not responsible for carrying malana
bave great nwsance value espectally during the spring
m the plams and therr breeding should also be con
trolled The areas to be controlled will deperd on
vanous factors including species of anophel q
the pafure of the breeding places the prevaiing wind
distance of human habitation from the breeding place etc
It may be stated as a general rule that control over an area
up to at least half a mile round an mhabited locality gives
satfactory results Ribbands (1944) however pomts out
that the nsk of gething mfection 1s negligible 1f five miles
and 1s small if two miles 1ntervene between the camp and
any nfected locality Risk of getting infection however
ncreases 1f there are breeding places between the mfected
area and the area to be protected or the number of residents
in the locality 1s small ~ Raevsky and hus colleagues (1944)
have reduced the nsk by putting cowsheds and anmal
houses on the leeward side between the breeding places and
human habitation {mosquitoes start feeding on cattle
mstead of men) The animal sheds are put not less than
200 meters from the human habitation (piggenes 250 m }
The ammal houses should be separated from each other
by following gaps byres 50 mefers pigsties 45 meters
sheep pens 50 meters apart with doors on the leeward side
There should be vegetation between the barrier and human
dwelling  Catfle must return from grazing not later than
half an hour before sunset

Anfilarval measures wherever feasible should be
permanent Temporary measures 1nvanably prove
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CuaPTER VI
ANTI LARVAL MEASURES

Before starting antt larval measures 1t 15 necessary to
stady the local breeding places the ecology of the
mosquitoes particularly the vector species Much time
labour and money can be saved if those places enly are
treated which breed mosquitoes especially the vector
species It may be added that m an area other species of
mosquito  though not responsible for carrymg malana
have great nusance value especially durning the spring
m the plams and thewr breeding should also be con
trolled The areas to be controlled will depend on
vanous factors mcluding species of anophelhne mosquito
the nature of the breeding places the prevaling wind
distance of human habitation from the breeding place etc
It may be stated as a general rule that control over an area
up to at Jeast half a mile round an inhabited locality gwves
satifactory results Ribbands (1944) however pownts out
that the nisk of getting infection 15 neghgible of five miles
and 1s small 1f two mles intervene between the camp and
any infected locality Rusk of getting infection however
1ncreases if there are breeding places between the mnfected
area and the area to be protected or the number of residents
m the Jocahty 1s small  Raevsky and his colleagues (1944)
have reduced the msk by puttng cowsheds and ammal
houses on the leeward side between the breeding places and
human habitation (mosquitces start feeding on cattle
tnstead of men) The anmmal sheds are put not less than
200 meters from the human habitation (piggeries 250 m )
The ammal houses should be separated from each other
by following gaps byres 50 meters pigsties 45 meters
sheep pens 50 meters apart with doors on the leeward side
There should be vegetation between the barrier and human
dwelling  Cattle must return from grazing not later than
half an hour before sunset

Anti larval measures wherever feasble should be
permanent Temporary measures invarably prove
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expensive m the long run due to the recormn
expenditure

Temporary measures however, will be required 5
marny places dunng the construction of works coliection o
large number of people for a short peniod and dunng the
wtenim pertod when permanent measures are being made

Antilarval measures can also be naturalsbe o
chemical

Naturavistic

Naturabstic or biclogical measures aim at so altenng
the natural conditions as to render the place unsuitable for
breeding  The following methods have been successfully
used agamst larva of different species

Shucing flooding silting agitating the surface of water |
changing its level etc

Deep shading 7

Poliution !

Changing the salt content z

Alterabon of food supply

Larvivorous fish

S The shucing 1s only an imitation of nature s
method of fushing down the larvae water of a stream
1s dammed and released at intervals by esther hand-operat
ed sluice gates or by automatic siphons  Sluice gates were
first used by Graham at Lucknow n 1913 m the rmer
Gumti  They were populansed as malana control measure
by Prof K B Wilkiamson who used them between 1930 32
mm Malaya agamst 4 maculatus By 1937 about 200
streams along 35 miles of hills 1n Penang were betng suc
cessfully flushed By the force and disturbance of water
larve are washed down and stranded  In some cases €ggs
and pupz dnft to the banks lower down and require far
ther freatment Macdonald designed an aufomatic siphon
mcorporating DeVilher s siphon with full flush of 475
gallons per nunute at a cost of Rs 25/ "W siphor
The main parts of DeVilher s siphon ar
ol drumn on three concrete blocks a mair

Py
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ANTI LAR\ AL MEASURES 47
of concrete or earthen ware pipe which runs vnder the

dam and a secondary siphon consisting of § galvamised
iron pipe

AUTOMATIC FLUSHING SIPHON DF VILLIERS TYPL

From Sore Tmerg b y Ant Valaral Measurs by Sr Mal olm Watson
0% Tastitute of Tropical Hygien
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In small streams earth dams with one or more ol
droms the ends of which had been removed to form an
opening through the dam for releasing the flush have been
used 1w South India  The upper end of the drum s kept
closed by a sheet of nood untl the dam 1 full then the
wood 15 removed by hand and the stream 15 flushed
Vanous other shuce gates (Ithe drums fixed eccentrically so
that they tilt immediately they are filled up with water and
resume vertical posion when empty) have been improvised
at a very low cost (Watson 1942)

The pipeless siphon used m Tea Lstates s a great im
provement  The pnnaple on wiich they work s that
when the water nses in the catchment area 1t flows over
the weir and falls into the sealing frough below at the outflow
talung air with 1t When water falls 1n the trongh some of
these bubbles come up on the outside of the trough
thereby causing a partial vacuum inside the siphon  This
unegual pressure between the ontside and the inside of the
siphon starts the flow of water expeling all the air mude the
siphon When the water level i the caichment area
falls sufficient]y Jow fo admit aw to enter at the wlet the
vacuum 15 removed and the siphon immediately shuls off
until the water level nses and the cycle agan com
mences Atmosphenc balancing vahes are placed at
the hnghest pomt of the siphon so that by openmg these
valves the siphon may be stopped at any stage of working
(Ramsay 1944) These siphons may be of amy size
and shape depending on the quantify of water fo be
released  Water released must not exceed the amount
normally carned dunng floods

Like all measures shucing has its hmatations  Site and
distance between the senes of sluce gates w a stream will
vary with different places -~

Flooding  Floods with silty water have been noticed
1o reduce the incidence of ma!aréamb Rx(se of)wate;lc‘s:: ;xr;
Bengal 1s a example a2 (Y040} giv
reasgns i fay ogu‘;cgf a ﬂoog fush scheme viz 1t mantains
duning the amy season flow of silty water m the dramns
ditches water channels pools borrow pits and low Iymng
areas as a result of which mosquito breeding 15 castly and
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Widely divergent views are held regarding the utihity
of mndigenous fish * Hachet pointed out that the local fish
after centunes reach a balance regarding their natural
enennes and the number cannot be artifically increased
and mamtamed at an abnormally high level of density
whereas 1f exotic fish can be accimatised they will prok
ferate and maintain their number at abnormally high level
On the other hand Fry Hora Prasad Sweetnam and
Meyers advocate the use of indigenous fish and condemn
the use of evotic fish on biological grounds There 15
enough evidence to believe that some indigenous fish like
Panchax Aplocheillus Aphanous and Schizothorax pro
gastus are equally larvivorous as exolic genera

Larvivorous fish have their hmitations  In temporary
collections of water or 1n places used as permanent fisheries
therr use 1s not recommended Prasad and Hora suggest
that for fish to be effective all vegetable matter and debns
that may prevent access of fish to mosquito larva should
be removed  This means that areas of water to be treated
should be kept clean and 1n as much samtary conditton as
possible  {a) all predatory fish should be removed
disconnected pieces of water separated by short distances
such as borrow pits etc  should be connected by a regular
drainage system so as to enable the fish to wander every
where (c) shallow pits and pools shonld be either filled
up or deepened so that fish may be able to Ire 1 them
even when the water 15 at 1ts lowest level mn the dry weather
and (d) fishing should be strictly prohubited 1n such areas

For effective biological control of larve by fish 1t 1s essental to
know the bionomics of the mosjuito and ecology and bmk:gy of the fish
The umportance of fish i malana control has been established for a Jong
tme  but the habits of the vanoms imdigenous fish have not bees
sciegufically studied 1 detad and have ot been trned on e large acale
m the field To prove conclusively the part that fish play as lanedal
agents and to determune the utility of vanous indigenous spectes Prasad
and Hora (1036) suggested that 2 a prebmunary measure two adjoining
ateas one heavily infested with malara and the other comparatively
from 1t should be selected for survey An mtensive suryey o the fish fauna
of the two localities should be un gasd fring paud to any
correlation that may exist between the probable deasmty of papn;d e‘h’:
of the mosquito latvae i the different areas of the locality kands be
types of fish and demsity of ther uiation . the same ‘m ons
water Observations should also be made of the patural food of var
types of fish by an examunation of their stomachs
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Covell tes the foll g req
Chaudhury s papes) for useful larvivarous fish
They rmust be small so that they can get abont m the
shallow water among weed ete
They mmust be hardy and flourish both i deep and
shallow water
They must be able to breed freely 1n confined water
areas
They must be able to stand transport and bandhng
They must be difhicult to catch and able to escape thewr
natural enermies including man
They must be absolutely worthless and msigmficant as

(based on

They must be top feeders and carmvorous

Gambusta satsfies the above conditons and s at
present readdy avadable from the Malana Institute of
India Dela

Curmicar

Qi Pans green pyrethrm  Os  Pans green
pyrethrum and DDT are common larviades Coprons
cyamde has also been used and found to be satsfactory as
2 lanvicde under certatn climatic conditions  Paraformal
dehyde soap cresol commercal cylim creozote carbohc
aad and borax have been used as Jarviodes but are not
muse now  Nesterwodskaja and Lubioskt (1944) have re
ported that phenothiazme (7 and 14 ountes per acre at
12 13 C ) kalls all mosquito larvae in 48 hours

Oing L O Howard m 1802 first recommended oils
as larvicsde and suggested that the film of o} mechantcally
stops the breathing of mosquito larve The lana are
Inlled not only by suffocation but also due to uritant and
toxic action of o mixtures  Sir Malcolm Watson showed
that mosquito breeding can be stopped even mn runmng
water by spraying the stream ats banks and secpages with
o and pomted ont that what 1s sold as crude ol or fuel osf
vares greatly in composthion n different parts of the world
and that many of these oils do not make satisfactory ant
malana mixtures  Some would not kil lanve some would
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dusted by hand 5 per cent wherl dusted with blowers 15
to 33 per cent by amrcraft have been used) Metcalf
and Hess report that Amopheles quadrimaculatus larve
can ngest particles of 29 51 68 and 106 microns m 1st
2nd 3rd and 4th mstars respectively De Andre reports
that best results are obtained with Paris green 2 microns in
diameter The only gmding factor for the necessary
strength of Panis green to be used 1s a practical test in the
field If a particular strength 1s not found effective
1t should be increased Numerous substances have been
used as diluents  The commonly used diluents n India are
ash screened road dust sand slahed lime soap stone
powder cement dust and saw dust For large areas hike
streams heavy diluents are often suggested The diluents
should be passed through a screener before use The
vehicle and the Pans green nsed are thoroughly mixed m
the required proportion generally n a rectangular galva
msed sron box supported on two pillars  The muxture 1
dusted usually with hand bellows or rotary blowers Pans
green has been sprayed with success from aeroplanes—one
pound of Pans green per acre 1s usually required Pans
green may also be applied in hqud form Since Barber
used the Parns green solution mn Greece Russell and Jacob
(1939) and other workers have used 1t successfully in India
A stoch mixture of Lerosene o1l 4 gallon Pans green 2} Ibs
castor o1l T 0z and white of 4-6 eggs shaken up 1n a pint
of water can be used This mixture in dilution of 10z to
1 gallon of water can be used in a sprayer Pans green
mixed with water (in dilution T 1n 500 or I In 250 suspen
sion) has also been used (dose one gallon to 870 sq ft)
effectively 1n shallow streams

Dusting and spraying with Pans green 1s a cheap anti
larval method and 15 specially smtable for fields and 1rnga
tion channels Frequency of dushng depends on ntensity
of breeding and the chmate If the development of the
larvae takes less than a weeh or so applcaton every fifth
day may be necessary n other cases applicaton once 2
week gives quite good results It must be remembered tha;
Pans green has no effect on eggs or pupz of mosquitoes an 1
does not Ml cuhcine larvee when applied m the usu
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method  The use of Pans green has almost now been te
placed by DDT

Dichlor Diphenyl Trchlorethane (DDT) s chemcal
synthesis was done as early as 1874 by a Genman chemust
from Strassbourg  In 1939 a fum m Swazerdand (J R
Gegy Company) durmg mvestigaton for moth lolling
agents came across this chemical They promptly pro
duced 1t under the name Gesarol In 1942 the New
York Branch of Geigy Company recened 200 tbs of
DDT from Switzerland  The Department of Agnculture
m Washington smmediately got 3t from Vew Yorh
Branch of Geigy Company and forwarded it to Orlando
Laboratorzes It was soon found to have insecticidal
properties agamst body fice  In January 1943 chemusts
of the Umed States Department of Agnculture at
Boltsuille Maryland Laboratones wdentified st as Dichlor
Drphenyt Trichlorett Foll g s fi n
tensive research both m the field and the aborateries was
taken up by Bntish Amencan Indian and other workers
In a short tume 1t struck & death blow to mnsects carrying
diseases 1 vanous theatres of war It was soon found to
be Iethal to mosquitoes lce flies bugs and vanous other
msects

DDT 1s a whate crystalline powder nearly msoluble
m water derately soluble in petrol and yegetable
ods and readiy soluble m most orgamc solvents It
has 16 G per mihbtre density  Crude commercial forms
vary m punty and may contan oply 60 to 77 per
cent pure DDT {para para or pp DDT} pp DDT
melts at 108 g € 1t has a charactenstic and pleasant
odour and a tendency to clump Evxposure to igh tem
perature and humdity increases s fendency to clump It
15 toxic to most erustacea and msects  Els ef al (1044)
report that pold fish weighing 6-10 G die after talung pellets
of DDT 63 200 mgm per kgm body weight and frogs died
after 40 to 72 hours on 2 single patenteral dose of 150 mg
per hgm  Rats and guineapigs after abserphion of DDT
through the skin showed towic necross of the hver and
ladneys  The lethal dose for ammals vares from 150 to
603 g per kgm In powder form 1t has no
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adverse effect on the shin of human bemngs and 15 quite
safe to use

Solubility 1n common solvents mn per cent pp’ DDT at
27-30 C 1s as follows —

Toluene 38
Veg Turpentine 20
Malariol 9
Fuel Ot (Diesel} No 2 g
Fuel Oil (Diesel) No 1 7
Kerosene Crude 7

Kerosene refined 4

Solution of required strength can be easly made by
breaking up the lnmps of DDT and then making a paste
with the solvent It can then be poured mto the container
The contamer should at least be } full of solvent Finally
the remaining solvent 1s poured in the contamers The
solution mn the contawner 1s kept 1n the sun and stirred with
a stick (or by bubbling air with a power driven arr com
pressor} The solution 15 ready for use 1 3 days For
immediate use DDT can be heated slowly on a hot plate and
poured nto the solvent when molten stirring all the time
A 3 7 per cent solution can be conveniently made as follows
A four gallon tin 1s filled with commercial DDT up to 34
from the top Ths approximates 225 lbs of DDT
Assuming that the powder confains 75 per cent of p’p DDT
when 1t 15 dissolved m 45 gallons of the solvent the
resultant solution approximates 3 7 per cent solution of p'p
DDT
Its effect on eggs and pup® 1s neghgible but 1s lethal
to larve and adult mosquitoes

DDT as larvtcede  DDT 15 relabively non toxic to
embryomic tissue It 1s interesting to note that there 15
selective absorption of DDT on the chitn i witro s
larvicidal action 1s due to ingestion of the chemical or
absorption or both

As 2 control measure o 15 Ibs (24 0z) of pp DDT
per acre 1s found satisfactory  DDT mualariol solution gives
better results than DDT kérosene mixtuse It 15 observed
thato 3 1b DDT per acre lalls fish frogs snakes and other
aquatic ammal life Care therefore 1§ required not 1o
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exceed the strength of DDT m water used for breeding of
fish The followmg have been used successfully
{a) 7 ounces of DDT to x gallon of 3rd quahty
kerosene of resnlting 1 2 5% solubhon  One
quart of this solution 15 sufficient for one acre
{b) oz lb DDT per acre m thick vegetation np to
1 1b per acre for dustng
{c) =} per cent to 3 7 per cent DDT solution in kere
sene ol with approumate dosage of 6 15 Ibs of
DDT spraying with Kent type pneumatic knap
sack sprayer per acre
{d) Fne per cent DDT solution in herosene osl sn a
bamboo stump with one end of bamboo plaster
ed with mud thrown in the mddle of the pond
Dosage 0 2 Ibs per acre
(&) One handiul of 2 per cent DDT powder mx
ture Five pounds per acre
{f) Sand ot step bricks seaked 1 DDT thrown mn
stagnant water
{8} 37 per cent DDT solution mixed with dry sand
and made mto balls thrown at intervals across
water surface  Balls made with mud are found
neffective
Even one to two quarts of § per cent DDT solution
per acre have been Jound effechive
The opinion 15 gamng ground that dicrete appheation
s preferable  Five per cent soluton m an o of 46
dynes/em  spreading pressure gves good results on sull
waters  Two ounces should kil all larve wathun 25 feet
radius e about20008q feet DDT mn emulsified soluhion
have also given very good results
Whatever the method used one must ensure that the
breeding surface 1s completely covered  In every case care
should be taien to distnbute DDT umformly especally
along the water edge  If spraying 15 dene mtermuttently
the intervals should not exceed 5 yards  The density of
vegetation and scum modsfy the effect for abvious reasons
Pounng by hand or garden syringes dusting or throwing
sand and bricks are not <o effective and economical as
spraying with kpapsack sprajer or strrap pump In South
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East Asia Command dunng the war DDT was extenswvely
sprayed from aircraft o3 to 06 Ibs DDT per acre 15
usually effective 5 per cent solution of DDT were used
singly or in formation flights~ with several arcrafts
abreast The dosage of 2 to 3 quarts per acre of the soln
tion controlled mosquito breeding m swamps Full des
truction of mosquito breeding 1n streams covered with
vegetation was not possible The DDT deposited on
vegetation however lilled the mosqmitoes commg to lay
eggs and those which were newly hatched Applcation
of DDT by aircraft has stnce been developed to a high
degree  Several types of aircrafts including hehcopters
with various types of equipment are now employed See
also page 62 regarding DDT
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CHAPTER VII
ANTI MOSQUITO MEASURES

Varnous methods of killing the mosqumto have been
used wviz trapping g f with sulphur
dioxide cresol lysol Izal chlorine gas etc and spraying
with pyrethrum DDT BHC  An effective practical and
popular method at present 1s sprayng with DDT or
pyrethrum—DDT muxture

Pyrethrum Le Prince and James m 1926 Ross m 1936
and Meillon n 1936 Covell Mulligan and Afnd: 1n 1938
reported remarkable results by spraymg pyrethrum soln
tion  One part of 2 per cent pyrethrum extract in 19 parts
of third grade kerosene ol was recommended A very
effecve spray can be prepared by soaking one pound of
dned powdered pyrethrum flowers in one gallon of kerosene
ail for 72 hours provided the flowers are of good quality
(Covell  1941) Many proprietary products contaiung
pyrethrum extracts are now available which are ¢qually
effecive It 1s essential not only to spray the affected
locality but also all buildings within about half a mile around
it The spraying must be done thoroughly and systemati
cally Itis necessary to close all doors and windows open
up all cupboards and almurahs etc (if any) and startspray
ing with the spray directed upwards  Direct huts on mos
quitoes need not be auned at Pyrethrum s a contact
powson and 1ts lethal action 1s most pronounced in atorsed
cloud The spraying in the room or hut shomld be cont
nued tll sufficient concentration of the .olution 15 produced
(causing very shght imtation to the eyes) The quantity
recommended 1s T 0z of spray per Toco ¢ ft of space The
room should be leit closed for about half an hour after the
spraying  The umnhalited huts or houses etc should not
be neglected It 15 best to plan out a defimte aramt for
each set of houses  Thorough spraying will be required 1
most places 10 the early morning tot later than one hour
after sunnse

The principle of adult spraying 1s that malana can

*
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only be transmitted by the female anophelme mosquito
which, having fed on a person with gametocytes in hus blood
succeeds in surviving for at least xo days and then has the
opportunity of biting another susceptible human bemg
The object 1s not so much to prevent human bemgs from
being bitten by the mosquito as to reduce the longevity of
the carrier spectes to such an extent that it cannot Ine long
enough to become mfective and as such cannot transmut
malaria

A very simple hand sprayer (MISH pattern) has been
designed by the Malana Institute of Indta Excellent
results are obtamed with petrol driven pamnt sprayers
Electric sprayers of the same pattern are equally useful
The Amencan aerosol bomb 15 a great improvement o er
the hand sprayers All that 1s required 15 to unscrew the
cap over the nozzle of the bomb  Immediately after the re-
moval of the cap a fine must contamng the msecticide fills
the room Sesame oil acts as an activator of pyrethrum
enhancing 1ts msecticidal properties and Freon 12 (dichloro
d1 fluormethane) acts as the propellant ‘providing the
necessary pressure to expel the msecticide  About 4 seconds
are required to spray a space of 7000 cubic feet Each

bomb can effectively kill all fies and mosquitoes n

100 000 cubic feet DDT with an auxihary solvent 15 now
added to pyrethrum—~Freon 12 solution

DDT The DDT 1s absorbed through the tars: of adult
mosquitoes and 1n a few hours the insect becomes active
1t gets tremors due to the neurotoxic poison and dies  1f the
dose of DDT 1s small and contact tume short the death may
take 12 to 24 hours Dunng the contact and the time of
death 1t often shows increased actvity and 15 not usually
found near the place where it had the fatal contact The
dry powder has no repellent action on the mosquite A5
per cent solution of DDT in 3rd grade kerosene o1l 1s often
used For kiling adult mosquitoes ophmum results may
be obtamed with 85 mgm pp DDT persq ft 1e one
quart of 3 7 per cent pp DDT solution per 500 sq ft  With
residual depostts of 100 to 200 mgm pp DDT per sq ft
the residnal fatal contact effect can be prolonged The
restdual effect 1s shortened on surfaces exposed to sunlght
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and rain porous and panted surfaces  The residual effect
has been reported to last several weeks and months

Barner spraying Tt was observed dunng tnal in the
Fourteenth Army (Afridi) that spraving of a site and a belt
of 50 yards round it ncluding buldings on the wsde and
the outside and every feature in the terramn with 5 per cent
DDT i kerosene of at the rate of 5 gallons per acre pre
vented go per cent of prevailing mosquitoes from wmfiltrating
mto the piotected zone  Spraying of 2 50 feet helt only
round a camp site was not so effective as m the case where
camp sife 1self was sprayed  Area and zone spraymng re
quires repeated spraying after 1o days and therefore thus
methad can be used only if the stay m a place 15 of short
duration

Restdual spraying should be started m and around the
buildings one month before transmss on of malarta 1s due
to and rep d monthly tt hout the malana
season  If it 1s found that the infechive mosquito rests on
the exterior of the building after taking its blood feed the
extertor of the building should also be sprayed  The spray
1ng should be done 50 as to deposit effectively DDT crystals
m the required strength on all the snrfaces where the mos-
quitoes are likely torest  Itss done effectively with the Four
Qaks pattern knapsack sprayer or stirrup pump with special
nozzle  The mmmum dosage of solwion which can be
applied evenly from distance of one foot from the wall in the
case of Four Oaks sprayer is one quart per 250 sq it The
stirrup pump with the same quanuty can spray up 1o 500
sq feet By mcreasing the distance of the nozzie from the
wall the dosage of solution can be decreased  Although the
sturrup pump tequires two persons {0 operate and its rubber
tubings sometunes burst during spraying it can effectively
spray with a speed of 4 feet per second without contaminat
ing the clothes of the operator to a conmderable degree A
few precautions are essential dunng spraying  No food
coolung utensils etc should be allowed to be contamnated
with DDT  The persons employed to spray should use pro
tective eye shields gloves and overalls while spraying and
should have a bath with soap and hot water after spraying

Other Insecherdes A ot of experimental work has
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been done lately to alter DDT molecule and also to change
the number of chlorine atoms 10 DDT molecules to substitute
other chemical groups such as Flouro, Bromo and Methoxy
A number of solvents and emulsifiers have been used

DDD DFDT, DMDT and the like are less toxic to
human beings and insects DDD has almost the same or
better action than DDT on larvee but 15 less tovc to adult
mosquitoes By completely altering the structure powerful
insecticides Iihe benzene hexachloride chlordane or octa
chlor, toxaphene or chlornated camphene and parathion
have been produced

Impenal Chemical Industies Ltd has introduced
Gammexane which contains the gamma 1somer of benzene
hexachloride 65 per cent of this 1somer 1s present m
Gammexane powder P520 Ross Institute of Tropical
Hygiene recommend a single dose of 10 mg gamma benzene
hexachlonde per square foot to obtain contro] of adult
anopheles for a pertod of at Jeast three months Twelve
ounces of Gammexane P520 mixed with one gallon of water
and dispersed at the rate of half a gallon per 1000 sq ft
give a deposit of about 11 mg gamma B HC (gamma 150
mer) per square foot

Chlordane has been widely used with success m Italy
aganst house flies Toxaphene has the same residual
tovicity as benzene hexachlonde and chlordane High
toxic effect is also clamed for 4g7 and 118 but sufficient data
are not yet asailable to gre any definite opimon  Hexa
ethyl tetraphosphate tetraethyl pyrophosphate and diethyl
mtro phenyl thiophosphate (parathion) are other msect
cides belonging to phosphate seres It h has not
prolonged residual effect but 15 effechive agamst mmmature
stages of msects In the phosphate series parathion 15 the
most 1mportant

Synergisls -

Work 15 also bemng carned ot on sy nergists for DDT
Synergists can be put i two categories viz  those affechng
physical properttes of the residual deposit and those which
are toxic 1n themselves  Gum rosin 10% 1s oftenused  Gum
yostn acts as nucler for DDT crystals  They not only tend
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to mncrease the toxicity of the DDT but the adhesve pro
perty of gum Tosm prolongs thexr residual achon The
of toxic y synergist are of
pyrethrum and DDT methoxvchlor and DDT and chlor
dane and DDT
It may be emphasised that the use of modern nsectt
cides kike DDT as a residual spray has proved that 1t 1s the
most effective and prachcal method of controiing malana
espectally in rural areas It 15 obviously necessary to
orgamise and plan the spraying after carefully considenng
the ecology of the local mosquitoes especially the local vee-
tor and mveshgating local conditions
Love call trap Reference may be made to an
interesting expertment carned out by Kahn et al (1945)
They have found that mosquitoes make various soynds
while flying and by beating wings or rubbing tarst again t
wings These sounds include a lovecall On heanng the
love call (audible and mnaudible to human ear) of a single
female male turn their an
tennz and hypopygmm towards the female and burst intoa.
chorus  Work 15 bemg continued to produce the love cail
mechameallv in DDT treated spots in the hope that all male
mosquitoes within hearmg distance will come 1nto the trap
and die  This would avoid spraying of large areas with
DDT.
Personal protectton Personal protection from mos-
quito bites by switable honse construchion use of mnets
uitable clothing and repellents are still some of the effec
tive methods of preventing malaria nfection
House construction  Screeming of buildings 1 malan
ous localities 15 of great value The following figures by
Hanafin as early as 1928 showing the result of screenng 1n
Bntish troop barracks m Lahore speak for themselves —

Year Admussion per 1000 Unscreened
screened barrachs

1926 182 12 672 35

1927 45 61 265 98

The mam objection to screemng often put forward 1s
that the atmosphere nside screened hou es 15 suffocating
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and the rooms become dark  Lack of ight and ventilation
15 often noticeable 1n houses which were origmally built on
the usual popular plans, and of which the screenng of doors
and windows was done afterwards  Covell (1941) recom
mends that the following pninciples should be observed
Building to be screened must be built and kept 1 good
reparr Door frames should be made of seasoned wood
with won brackets at the corner and should not sag on
thewr hinge A double ware attached dragonally across the
lower half of the door and tightened up with turn buckle
will tend to prevent this  No attempt at edge fiting should
be made The door should be made to fit agamst a §
batten all round the inside and sufficient space allowed for
the door to swell in wet weather withont scraping at the
bottom A light stnip of wood should be nailed across the
door frame at about the height of 2 man s shoulders
This 1s to push agammst when openmg the door There
should be two fastemngs for each door one half way up
the top sectton and one near the bottom The lower panel
of the door may be strengthened by wire nethngasa
protectton agamst hichs and agamst dogs attemphng to
enter or go ont Doors should open outwards so that
mosquitoes resting on them mayrbe driven out when they
are opened They should be placed on the windward
side of the house for the mosquitoes tend to congregate on
the leeward side It 1s of great advantage to have double
doors with a porch or vestibule at least 6 feet in length be
tween them ~ Strong springs should be fitted to the doors
to ensure that they will remain tightly closed when sot 1n
use Every aperture 1 the building should be screened
No removable screens or shutters should be used No
screening should be used withun one foot of the floor because
1t 1 hable to be damaged when the floor 1s scrubbed  No
furntture should be placed aganst screeming  Putting wire
gauze on exishng doors and avindows affects the venhlabon
considerably  Windows should be provided for the ventt
lation lost = In Federated Malay States when mosquito
proof houses are bult and 16 mesh wire gauze used the
window area 1s doubled to make up for the loss 1n ventilation
caused by the ganze The gauze used in the barracks of
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Bnitish troops in India was 1.4 mesh and 28-30 SWG giving
an apertate of 0053 to 0037 * The ventlation and hght
ing can be mmproved by electnc hghts and fans and by
designing the house especially for screemmg (screens are
mamly put round the verandahs) For screemng fo be
effective the persons Iiving 1n 3t shonld not remaimn out of the
house after sunset and before sunnise

The d cost of a quto-proofing building 1
normal tumes 15 ahout 2 to 3 per cent of the total cost of
bulding Temporary labour camps can be made mosquito-
proof by the use of condemned mosquito nets on doors and
windows

Nefs  The mosquifo nethng with a mesh of 28 to 2g
holes in 2 square inch and made of 30/40 cotton vall keep
mosquttoes out  Nets should be preferably whte rectangu
lar 1n shape with nethng also sn the roof and no opemngs
mstde  They should be set down before sunset  The free
border should be tucked 1n continuously all round the bed
ding  Nopothon of 1t should be allowed to flap about
loosely iVhen gomg to hed only the mummam portion of
the net should be hfted to enter and then 1t should be care
fully tucked in agamn wnder the bedding Nets should be
turned inside out preferably daly and the pole comers
«earched for mosquitoes

Protectwe clothing  People should wear long sleeve
shurts sfacks or pyamas or shalwars The dhott does not
give the necessary protechon  Mosquito boots or Welling
ton boots are very useful  In any case every attempt should
e made to so clothe oneself that the minymum amount of
body 15 laid bare for mosquitoes to bite  Veuls and gloves
have been nsed 1u varous armes for guards on duty

Repellent  Plan cironella ot apphied 3 houtly gives
satisfactorv resulis while naphthalene conc ext of pyre
thrum cream gwes almost the same results A non greasy
vansshing cream can be made of gum tragacanth powder 2
parts o oironella 2 parts pyrethrum 2 per cent 8o parts
wates 3s added after mrang all the mgredients The cream
should be Uberally apphed at 2 howly wiervals on

Where A+ us 1 the VECHOr 25 1n ASam 16 mesh 23 ISWG
ging aperture of 048 inch 18 segqured
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all exposed parts of the body Dimethyl phthalate and
dibuty! phthalate 1n liqud form are agreeable to use and
are very effective espectally the former, even when a few
drops are rubbed on exposed parts and have replaced the
creams used formerly Its effect lasts for about 4 hours

DMP fish nets Afndief al (1945) report that
$ inch mesh nets (fish nets) and garments impregnated with
042 ¢ ¢ dmethyl pthalate give complete protection from
mosqutto bites for 72 hours ~ Nets treated agam conferred
protectron for longer pertods

.
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Cuarter VIR
MALARIA SURVEY & ANTI MALARIA CAMPAIGN

Tt waft be obvious from the foregang account that
before stastng an anhmalana campagn 1 an area it s
essential to carry out a prehmunary survey The survey
should mclade the study of physiographucal features
metearological records mortality and morbidity by age
groups directly or mdirectly due fo malania total death
and birth rates by age groups in dufferent parts of the year
spleen rate* and parasite rate amongst the children of the
tocahty (chifdren between two and ten years are most smit
able for the purpose) seasonal prevalence of malara
species of anophehine therr breeding places fora and
fauna of the breedmg places t of the
and mvestigations segarding the carner spectes  Digsection
of gland and gut of mosquitoes with a view 10 determune
the mfechion rate and forthes v estigations i detail regard
mg the of the locat ¥ pecially the
vectar species will have to be conbinued as a prelumnary
survey  Study of socal and ecopomic conditan of the
people and sndustrial and agnenltural problems shosld not
be overlooked

After deciding the measures to be adopted m a locakty
it will be necessary to plan 2 scheme wcorporating perma
nent and temporaty measates and undertake further mn
N of the ' probl of the locahty
In practice 1t 1s useful to dwide Yarge areas into symalt self
contarned umis It 1s the small nmts which carry out the
most important work m the field and are responsible for
conirol measures wm a Jocahty Under a umt scheme the
area of malama contral should include areas 4 1o T mule
beyond the peniphery of a Jocahty to be protected  The

Intectign. wath mulana gvns T 4o enfargement of spleen  The avess

are clasufied vswally as follows  Over sa™ »pleen ntzvh} m:acy,r/
2530, hgh eademucsty so-23  low or moderste eademucity
109 healthy Aftes 10 groms of age Imauaity sty eod by shout
yeaes of 28 apieen may become normal  Spisén rate thevefore fy
of thidren betwren 2 30 yrary Y

N

El
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whole area 1s drvided mto sub areas under a malaria mspec
tor  Each sub area may be further divided into six zones
The worh 15 so arranged that a field squad works 1n one
zone at a time n rotaton so that each such zone 15
thoroughly treated at least once a week It 1s necessary to
keep records of the work done  The followmg dianes are
suggested *

(1) METEOROLOGICAL RECORD

Year Honfh
Date Memmum \lmmom  Relative Ramfall  Prevaihog
Tempetatute Temperatore  humidity wind
Mormng
Evenng

{Records must be made at specified fixed tmes daly
Records of sub soil water may also be kept if possible}

(2) Mosguito CarcHES

~
Date Month Year

Spectes Number Cattle Houses Namber from Preapittm Dissection
sheds each test Gland Gut
Mosquito
catching
station
1234

Vanous traps have been recommended for catching
mosquitoes A type of trap used with success 15 a simple
wire ring 2} feet in diameter over which a black or red
cloth skirt 1s stitched with purse string at both ends  These
are hung two feet from the ground Dark red colour
appears to attract mosquitoes In an expenment carried
out with red and black traps 1147 mosqutoes tooh shelter
mn red traps and 772 mosquitces m black traps (Rawna

With regard o detalls of malana survey reference should be made
to Health Bulletn No 14 Malana Burean No 6 Hot to do Malana

Survey
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ONE OF THE MALARIA SURVEY AND CONTROL CHARTS
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The chart shows parasite and spleen rates in the lvumundmﬁ villages avd
area aoder contral the species of anopheln larvae marked whese th 7
und g _areq under control divided in 61x zones ABC D E
and the days on which thay ar viated by malzra-control squad asd e
table showing the Dumber of falama cases weekly from each rone

1943} , A ved easthenware chaits 1 almost as good Traps

when used are put 1 comers of rooms 1n the catchung sta

tons  In actual practice 2 well tramed wsect collector can
&
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catch more mosquitoes than the traps and most of the field
worhers have practically given up using traps  Such
catches can be of value only if the time duration and
techmque of catchimg mosquitoes are untform Usually
a large number of catches 1n a day mdicate breeding places
nearby for which search can be made  For special mvest
gation further information can be added 1n the same diary
iz catches dunng the first second third and fourth
quarters of mght etc

3 LaArvae
Year Month Dats
Place TYype of Quahty Flora vege Fauna Species
breeding  of water tation

place

(Labelled specimens should be brought to the Anti
malaria Officer for mspection and venfication)

4 INCIDENCE OF MALARIA BY AREas (Zones if possible)

Year Month Dats
Q Mored

Semal No of Name Sex Age BT MT
No. hous Sfo Tropho Gm Tropho Gm Tropho Gm

BT mBemgn tertan M T =Maligmant sub-terhian
Q ~Quartzs Tropho=Tropbozoites
Gm =Gametocytes

Spleen rate
Parasite rate

5 EXPENDITURE
6 MEASURES EMPLOYED

The above figures can be consohdated weekly and
numbers shown from each zone or barrack lane or street
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The data so collected can be put down on enlarged
maps with diffe signs  especrally sh g breedmg
places (permanent and temporary) mosquito catches etc
Maps are of great value and show all the facts at & glance
The secret of success hies m good planming sound supervs
sion and ability of the orgamser to get the work done
the way 1t should be done

Cuowce oF Contror MEasurzs

Measures requured for different places wll vary
{mnclnd biok 1} should be
adopted whereser possible  The former requires a large
mvestment but saves recurrent expenditure except the cost
of mmntenance  Certain general temporary measures wilt
be always applicable It has been argued that antiarval
measures are conducted 1 the field and consequently are
easily supervised whereas success of antimosquito measure
espetially spraying 1s easer to orgamse easily popularsed
and gives results m & very short ttme Both antlarval
and 1 play an xmportant part m most
antmalana schemes  The fact that 2 juditous combina
ton of antmesquito and antilarval measures gives best
results 15 indisputable A t alone
hase lately given promusing results  The tume to start ant
larval measures 1s one month before the malana season sets
m and the antimosquito measures a fortmght before the
onset of the malana season If funds do not permut to
carry out this procedure antiarval measures should be
started to begin with and a careful watch kept on the
mosquito catches and incidence of malana  Any nse m a
zone 1n the figures of either or both 1s a warmng that spray
1ng should be started without delay  During the hesght of
the malana season or when malana macidence 15 expected to
nise sprayang to Xl adult mosq; should be d
Duning the non malanous season measures to Yull adult
mosquitoes may be suspended  In any antdarval scheme
greatest attention must be paid to control specics responsible
for carying majana ina locality but other mosquito breed
g places ncinding cubcine should not be meglected
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Permanent measures including biological should be com
pleted before the malaria season sets in
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Caarter IX
CHEMOTHERAPEUTIC AGENTS

Intensive research {phar logical b 1 and
¢hmeal) to find 2 drug or drugs to ensure a radwcal cure of
malana has been 1 progress for many years Cmchona
and quimne held the field for a long tume  Snce Paul
Ehrhich 1 1801 reported that methylene blue stans the
malana parasite and 1 likely to damage it i eshgations
on synthebc drugs were started leading to the discovery of
byt \ y Schut and his col mn 1924
Mutsche and Mauss carned on the work started by
Schulerman and discovered synthetic schizonticrde Atebrin
m 1930 and Bayers mtroduced 1t in the market i 103t
Sumlar drugs soon appeared i different countries
Acnquimne 18 USSR Quinacnne 1n France Acnidin 3o 1n
Inda Mepacnine m England  Suwnce then a number of
promsing chemotherapeutic agents have been mitroduced
Many of them are stil i an expenmental stage  Expers
ments are bemng carried out on more scientific basis than
before Not only the action of the drugs on different species
of parasites 1n ther different phases {sporozortes pre and
asexual erythroeybic forms and gametocytes) are invesh
gated but dal achon on 4 strarns of the
same species 1s alo ohserved

Quivive 6 methowy « (5 vinyl z-quinuchdyl) 4 qunoline
nethanol
Quinmne 15 an effect 1 de It 15 effectn
aganst asexual forms of all the parasites It has hardly
any effect on the gametocytes of P falaparum but destroys
effectrvely gametocytes of P wsvav and slowly those of
P malenz  Quimne taken by mouth 15 hitthe absorbed 1w
the stomach and passes through unchanged Hydrochloric
atid of the gastric puice converts insoluble salts 1nto soluble
hydrochlonide 1t 35 precipitated in the dvodenum and
absorbed as such Bile aids 1n st absorption  Alkahes
fven before awmine are teported to mcrease the diffusion
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through the mucous membrane The quimne arculating
1 the blood (concentration usually 1 250,000} 15 taken up
by internal organs and spht up and destroyed The e
mainder 1s excreted by the kidneys excretton beguns about
4 hour affer taking the quimne and can be detected 1 urne
by Mayer s reagent Salts requiing prehmunary hydro-
lysts are absorbed slowly Opinions differ regardmg the
acton of cinchona alkaloids ~ Morgenroth observed that
quimmne forms a film on the surface of the red cells and
Drevents merozoites from enfering the cells  Hegner states
that the site of action 1s intra corpuscular  Bass assumes
that quimine renders the cells permeable to blood plasma,
so that parasites are destroyed by Iysis  Yorke and Macfie
suggest that quinine hills some parasites by direct acton
while others are killed by the defence cells of the body
activated by parasiised products (Freld as quoted by
Jogleker 1940) Tahtaferro (194g) states that Quinne
acts directly on the parasites and_may kill them though
their death 15 more commonly the effect of immumty pro
cess  Moulder (1950) suggests that quimne appears to
exert 1ts effects through preventing (the formation of the
postulated reactive z-carbon particle) pyruvate oxidation
i the early stages Seabra (1950) with an ultramicro
scope observed that when blood and colloidal quinmne solu
tion placed together the quinine colloidal particles absorbed
on the RBC the degree of absorption depended on the
reaction of the blood If acid absorption was intense if
alkaline 3t was feeble or absent

The usual dese of qunine sulphate 15 gr vit to gr x
thrice daily by mouth giving a plasma concentration of
4 to 5 mgm per htre  In children the dose 15 usually cal
culated at 1 to 14 gr plus half the age In severe cases
with hyperpyrexia hyperparasitaemia or vomiting gr %
of qunme hydrochlonde or bihy drochloride 1 20 cc of
25% glucose solution intravenously given at the rate of
zcc per mnute or qummne hydrochlonde gr x (prefer
ably mixed with urethane) m 2 to 4 cc of distilled water
ntramuscularly 1s usually given

The Malana Commusston of the League of Nations re
commended that the standard product of cinchona should
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contain not Jess than 70 per cent of erystatizable alkalod
of whch at Jeast ¥/ 5 should be quunine  This was included
n the Brtish Phar P 1032 a5 quina which 15
as effective 25 quune  Acton (1g20) Acton Cwayel and
Dewy (x921) Pram (Yg24) Acton and Knowles (1924)
Fletcher {tg2s) Berkely Hill (1926} and Jomes {1927}
reported on great value of cuxchona febnfuge  Ficks and
Dewan Chand {1935) held the view that therapewtcally
qumne and totequine are of equal value  Napier in 1045
made the mnteresting obsetvation that  the recent work has
m no way guestioned the efficiency of quinine and other
cachona alkalods  On the contrary it has confirmed all
previous works regarding the antimalarial activaty of these
alkalowds and more speaally of the mixed alkalo:d prepara
tions which some of the poorer malanons countfies may on
economic grounds stll prose to be the drug of chowe for
e mass of population 1t way also be added that Mac
Gilchrist {101%) workmg w Calcutta showed that parastte
ctearance 1 BT obtamed with qutune in 4 7 days § 5 with
cnchompe g enth qumdme and 56 with cnchomdine
In MT nfection the figures were 63 56 £85and 4 3 res
pectnely shavng that sn BT quine acts most vapidly
while qumidine m MT  Lane quoting Cordes (1924) and
Cuuca et al (1923) observed that 1 MT anchonune 1s Jess
satisfactory than quinme and chinconidine was less effective
than quinine or ainchona febnfnge respectively  Worker
of Medical Research Councyl of the Umited hangdom report
ed 1 1026 that qunine and quuntdine are equally effectne
Pranger and Filer {x940) have recenmtly reported tha
cinchona alkaloids act synergistically with each ather w
blood induced infechon i bird malanma  They als
observed that combunation of anchomdine and quimne pro
duce more fanourable results than gumne alone s blooc
wnduced mfechon of P relichion and P galhnaceum

The route of admutustratton of qumne has been
subject of great controversy partcularly the inframusculas
pechar Athalod injected inframuscifarly tanses tgsw
necrosis which may involve nenes and blood nessels 1
some cases abscess formation ocenrs and wfection witl
tetanus 15 possible (if proper asepfic precautions are no
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taken) Clayton (Lane as quoted by Joglekar loc ¢if)
remarhs that giving an intramuscular injection 15 to
Ppush nto a patient with a hypodermic syringe a lasting
conviction that if if has come to a choice between
bitter taste‘and bitterly painful expemence 1t 1s better
to take qumne by the mouth after all In case of
Intravenous tnjection action 1s rapid (90% passes from or
culation within a minute of mjection) and without pamn
Tovic symptoms are rare 1f the injechon 1s given slowly

Although many of the synthetic antimalarals have
been found effechive agamnst acute attacks optnions regard
ing the prompt use of intravencus quinine m emergency
cases like those of cerebral malana are unammous (Covell
1949 Black 1049)

ATEBRIN (MEPACRINE QUINACRINE} 6 chioro g (4 diethyl
armno ! methyibutylammno) z methoxy acridine

Its achion 1s more or less hke quinme It 1s a poly
valent schizonticide  Its effect 1s more prolonged than
that of qumine It does not destroy the gametfocytes of P
falesparum 1t 15 extensively locahsed in the tissues and
slowly released Large loading dose 1s therefore necessary
to butld plasma concentraton ~Headache restlessness and
gastro mtestinal disturbances may be noticed  Yellow
staming of the shin may be seen but 15 transient The
tutral loading dose for effectve chinical cure vanes from

06g torog Thedosage commonly used 1s given below
st day  2nd day  Succeeding

five days
For partially immune 06 g 03 g 03g
For non immune 108 03 g 03¢
or or
ogg obg
or
o6 g

PrasMOQUINE (PAMAQUIN) AND OTHER 8-AMINOQUINOLINES

The achon of the plasmoqune group of drugs on
schizonts of P vivax and P smalanae 1s considered infertor
to qunine and has hardlv anv effect on schizonts of
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P falcsparum  On the other hand 1t 1s a polyvalent
gametocide  especially a powerful gametocide for P
falcsparum It was known as eatly as 1928 that relapse
rate of P wvvax under qummne plasmoquine treatment
can be reduced Heren hes its special advantage It
15 relah\«ely a tox:c drug Cynos:s due to the formation
of b pain
and vomihng have bem uften obsened and s rouhne
use 15 not P bt

qune 1 the order stated are less tmuc than pama
qun  The dosage usually recommended 1s 0 06 g penta
qune base daly with 2 0 g qunne sulphate for fourteen
days Pent: 75% of the
base The pahent should be under hospital observation
when talung these drugs for obvious reasons

CHLOROQUINE DISPHOSPHATE AND RELATED 4 AMINO
QUINOLINES

Chloroqune reheves acute attacks of malara and s
a powerful suppressive drug agamnst faleparum infection
Parhally immune have been reported to be cured by a
single dose of 0 5 g Like mepacrine plasma concentration
1s built up slowly unless imtial loading dose 15 given

Tt 15 very active against all asexual erythrocytic forms
Generally chimcal cure 1s obtained 1n two to four days as
agamst 3 week with mepammz t‘(ea‘cmmt None of the
other 4 2 ) h oxyc} q etc)
appear to be supenor to chlcroqume The dosage used
the US A and Venezuela 1s as follows

1st day Succeeding days

USA tog 05¢
divided 1n  two for three days

doses

Venezuela 58 15¢g
d.wxded m three dmvided i three

loses doses
on second day

only
Camoquin also has been favourably reported
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PROGUANIL (PALUDRINE) N, p-chlorophenyl N' 1sopropy!
diguamde
It 15 a powerful schizontiade bemign terttan and
malignant terttan malana  Malignant tertian infection can
thus be completely cured It 1s believed to be the only
antimalarial which 1 non touic dosage 15 a true casual
prophylactic against malignant tertian infechon  There 15
wide margin of safety between towuc and therapeutc
dose  Paludrine monohydrochloride contams 86 5% of
paludrine base The usual dose for adults of Paludnine
15 03 g once or twice dally for five to ten davs
Shght towic effects lthe vomiting and renal intation have
been observed  But the tovic symptom disappears on the
reduction of dosage or if the drug 1s stopped for a day or
two It has been recently reported from Afnica that
attachs of fever resulting from Rhodestan stran of P falss
parum were not controlled for three or four days after palu
drne therapy and aftacks of malignant malana were
reported amongst persons who were under paludrine
suppressive treatment Consensus of opimon however 1s
that paludnne 1s still the drug of chowce and m case of
stramns like the African mentioned above paludnne mono
hydrochloride shonld be remforced with mepacrine or chlo-
rogmne It may be added that the achon of paludrine 15
less rapid than qumine mepacrnine and chloroquine
especially m P vivax ga! In emergencies theref
its use alone 1s unswtable M543 (N 14 dichloro
phenyl N* 1sopropyl diguamide) 1s reported to be more
active than paludrme and chinical trails are in progress
Sulphonamdes have been referred to as effective 1
P knowles: n Rhesus monkey (Coggshell 1938) and S
diazme S merazine and S thiazole as suppressive in P
galhnaceum mfection m fowls S diazine S merazine and
S methazine are stated to be most promising i human
malarta especially m P faleyparum (Covell 1943)
Investigations done at the Malana Insttute of India
showed that the following drugs have no effect on malana
Alstoma scholaris A Gad Antique Qune Chirvasal
Coffec Husk Degans remedy Framne malacophvilh
Hindscout HT7  Jwaraghna Saptaparna  haranpwa
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seeds Lichtenstesn cure malandol Sumne Tinospora
cordifolia Vitex pedunculans

It will be seen from the above that qumne mepacrme
chleroquine and alhed 4 amnoguinolines and proguanil are
effective 1n the treatment of the chinical attacks of malama
Chilorogqune and proguaml are at present the drugs of
chowce  In relapsing vivax malana concurrent ireatment
with quinine and 8 quinohine such as
may be preferable

SuprressIvE TrEATMENT

It 15 generally agreed that the fellowing drugs will
effectively suppress malana
Mepacrine Non immune The danly dose to
hydrochlonde 01 g daly {pre be contmved
ferably with bmld case of faloparum
up of 03 g daily for at Jeast three
for 5 days) weehs  after ex
Parttlly smmune posure
02g twice weekly
or 03 g weekly
may be useful for
mass prophylaxis
where the inten
sity of malana 1
nat very Tugh
0 1g daly s most
satisfactory

Chleroguine o25t005 g base
once weehly on the
saree day of the

weeh

Proguany 035 once & wech
m hyperendemuc
areas  In other
areas 0¥ g 003
g weekly Thase
gnen  promusing

results

P q



POSTSCRIPT

The happiness and prospenty of the people are closely
connected with the degree of the health which they enjoy
Varied aspects of public health problems are mntimately
related to the social and economic conditions of the peaple
the availabilty of tramed personnel matenal and equip-
ment, the extent of the country s capacity, a co-ordinative
machinery and adequate control to ensure carrying out of
plans experiments and research

India despute its rich natural resources 1s 2 very poor
country poor 1n goods poor mn education poor in health
The per capita income 1n 1939-40 was Rs 67/ per year
Durning 1046 47 1t was Rs 228/~ On such a low income
people have to eat, clothe themselves and ive  In pre war
days the cost of the cheapest balanced chet alone was
Rs 48/-to Rs 72/- per head per year The cost of living
has considerably increased since * Education 15 poor
about 88 per cent of the prople bemng ilterate  Health
education 1s poorer stll  Doctors and nurses are hmited
Only about one doctor to 6000 and one nurse to 43 000 are
available Tacilibies for speciabist trawng and research
are patchy  Coupled with such an unfortunate economic
and educational bachground the standard of public health
1s one of the lowest m the world  Famines and epidemics
are not mfrequent  The following figures for 1937 quoted
by Grant (1944) tell a tragic .tory

Infant

ELxpectation Death rate mortahty

of Life per 100 per 1000
births
Australia 67 years 94 37
England & Wales 63 12 4 58
Japan 47 170 106
Undivided India 27 22 4 162

The Index npmber of whalesale pnces i March 1950 was approxt
mately as follows
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In Indiz amongst the preventable diseases malana
clams first place n umportance 1t 15 doubly unfortunate
that to a great extent malana 15 the creation of man

The responsipihty for public health admumstrabion
hes mostly on Provincral now State Governments But
the control of the State Governments over local bodies 13
50 weak that not much progress has been made The
report of the Sumon Commussion (1530} is worth repetstion

The result of the legslative and admumstrative achion
takes wn accordance with the scheme of the reforms was
1 effect to deprive the new Munisters of local self govern
ments of powers which were essential if they were to
perform therr task successfully

As to the urhan population the report of the second
meeting of the Central Advusory Board of Health 1030
recorded that  According fo avaslable information nearly
half the distnicts and three quarters of the mumapalities 10
Bntsh Inda are solt without quahfied health officers In
many of the areas visited by us we have been unfavourably
unpressed with the standard of health adi aton and
wiih the manaer w whuch these duties have been perform
ed Health Officers are to be found n most of the larger
mumapahtties but ther work 15 too often neffectine
because they have momplete control of the health argam
sation or becanse thewr recommendations fal to recewve
achve vonsideraton from thew councds A few manit
pahties and corporatons hke Bombay are notable
evceptions It 15 obvious that scientfic preventive and
curative services are sill beyond the reach of 8o per cent
of the men women and children of Inda  Progress has
been made sn the Jast £ew years but st has been patehy and
Imuted to wolated areas  Taking India a5 3 whele the
menace of malana 1s no less than wt was before 85 15 evident
from all Incha mortality and morbudity figures With the
brief account set out 1n previous sections w mund ane s
forced to the conclusion that the malara problem cannot

(Base year ending Augost 1999 100)

Geveral index 3924
Food arxies 336 2
Lereals /o
Palses a0
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be adequately solved without the solution of economic
educational and other vital problems referred to above
The message of health can be brought home to the people
not by preaching alone but also by prowviding facilities to
put mto practice what they are taught It 1s futle to ask
a poor farmer to use mosqwio nets or canvas mosquito
boots so long as he canmot afford more than a loin-cloth
and at least a pair of old sandals (chappals)—the latter
ustally to be kept tied at the end of the stick resting on his
shoulder to prevent wear and tear and used only when
absolutely necessary while wallang on hot sand or thorny
ground A malariologist obviously cannot plough his solt
tary furrow  He has to take the help of the economust
the educationist the agnicultunist the engineer the lawyer
and the State  Consideration of vast and varied problems
1s essential for the study of the health problem of a country
n 1ts true perspective It must be emphasised that large
tracts of land can be brought under cultvation if malana
problem 1s solved

The solution of the malarta problem mn Indfa requires
the serious consideration of five principal factors viz (1)
educaton (2) orgamtsaton (3} medical protechon ()
legislation and (5) funds

(1) EDUCATION
(a) Health education must form a part of general

educahon and should be appropriate for the age
of the chid
The samtary conscience of the pubhie should be
awakened by intenmve and extensive propa
Propaganda by means of leaflets
pamphlets, posiers exfub films efc has
its owr utihty but unamded by practcal
demonstration 1t hardly serves 1ts purpose as
most of the people do not comprehend what
evactly the leaflet contams or the poster denotes
For propaganda to become successful practical
demonstrations are essential Medical men can
form an All India Antimalana  Association
Such an Assoctation can play a very effective

role

{®

=

ganda
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{c} Malaria should be miroduced as a specal subject
im all the medical schools and colleges of Indn
A chair for teachng malanology should be m
troduced m the unverstties  Even if only one
question on malana 18 asked 1 ap exanunation
paper of Hygene and Public Hedth 1t will st
mulate the interest of medical students 1 mla
nology  Facthties for field work and research
work should be avadable for the post graduates
1n all universiies  Refresher courses for already
quabfed medical personnet will prove of great
value A large number of medical men
malana ts and msp will
be required  Every regstered medical prach
boner can be hept informed on current ideas
concermng malana control through circutars by
a Central Health Organization
{2} Omcamzirion
Malatia control should be centralised and not left
entirely to the Jocal bodics A scheme more or less on the
following bnes can ensure efficency and umfornuty
{a) Central Board of Malana Control The mem
bers of the Board can be selected bv the Central
Adwvisory Board of Health and should nclude
amongst others a Consultant i malanology
There should be a Director of Malana Control
m Indix who can wark as Secretary to the
Central Board and through hum the Board can
exercise executive control over the States  The
Board can draw out & 15 year plan 1 collabora
ton with the Viordd Health Qrgawsation for
dealing with the menace of malana and should
ensure that 1t 1s carned out
State Governments showld hase a Depub
Durector of Malana who wall be darectly res
ponsible through the Director of Public Health
to the Director of Malana Control India  The
State Governfents should have a State Malana
Controt Board which should include the Mims.
ter of Public Health the Director of Public

@)
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Health the Chief Engineer, Directors of Agn
culture Tisheres Botamcal Gardens the
Fmance Minusster and Conservator of Forests
Representatives of Zamindars Industries Rail
ways and Mumcipalities can be co-opted The
Deputy Director Malaria Control, can act as
Secretary

(c) Drstricts or a group of districts should have an
Assistant Director Malana Control with a
mobale field Jaboratory consisting among others
an entomologist When the prelummnary sur
veys are completed the field laboratones may
be kept only 11 one or two districts 1n the State
(except thos¢ which are non malanious) Every
district should have an antimalania commttee
more or less on the same hnes as State Com
muttees A detuled health survey including
an entomelogical survey of the whole of the
inhabited parts of India 1s essentral  Thus should
be started in hyperendemmic malarious areas first
All constructions of roads canals factories and
residentral buldings onght to be approved by a
malanologist

{d) In every sub-dision endemsc or hyperendemic
districts or m Tehsils there should be an anh
malaria officer and an antumalania commttee
Staff for malana control will obviously not be
necessary 1n malana free areas It may be
stated that some States have already started
Malana Control Organisations

(3) MEpICAL PROTECTION
For the treatment of 100 to 200 million sufferers from
malania  qualified medical men hospital accommodation
nursing facshbes and y quantities of quinine and
synthetic drugs are tequired It was estumated that there
were only 47,500 doctors and 7 000 nurses 1n Umted India
and if one doctor for 2 000 of population 15 necessary India
will requre 185 000 doctors ~ Adequate planmng for the
production of drugs like qumine and proguani 15 essenfal
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It s i that the quantty of qunne required for
India 1 about 1 5 milion pounds  The quantity consumed
I pre war years was about 210 000 pounds out of which
only about 70 00p pounds was manufactured 1o India

Parts of Assam Bengal Onssa Bhutan Siklim Madras

Travancore Lochin Mysote and Coorg are suitable for
anchona cultivabion It 1s reported that 38 coo acres of
fand (each acre capable of producing 100 to 200 pounds of
quimne per year) are avatlable i Indta 1t will be observed
from the abore figures that India can not only become self

supporting for its gmmne but can produce ten tuues is
requirements (hnshnan 1940 The recently discovered
chemotherapentic agents have now tfo a great extent re
placed quune Thew manufacture 1 the country will
require change 15 ciechona culttvaton policy  There 1s no
reason why chemutcal and pharmaceutieal works should not
be able to produce drugs for Indiz sneed  In view of their
therapeutic value we must now work out carefully our
requirement for malana control stores equipment and drugs
and plan thewr production n the country  Production of
quinine may be necessary for the tme bang tll the country
starts prod; the new ¢h herap agents m suffi

cent quantity to meet the total requrement  Thewr disin

bution will require considerable planming and can be done
by the Central Malana Control Board  Apart from cura

tve drugs large quantites of DDT suitable mixtures of
orls pans green and pyrethrum et will be requred for
malatia control  Pyrethrum requires a igh alttude with
2 dry chmate and well drained soil and 1t 15 very encotrag

g to find that 1t can be successfully cultivated 1n huls

Palampur hashmir and Ndgwis It 15 estmated that
15 000 short tons (2000 Ibs for a ton) will be requred for
India s need per year This will require 320 000 acres of
tand to produce ~ Once DDT and other new nsecticdes
n suffizent quantity become avatlable 1 the country the
cultivation of pyrethrum can be reduced or compleiely
replaced by other crops  Economic aspect of malana con

trol measures 55 vital VWit the assistance of the World
Health Organvation supphes can be atranged for the time
being from abroad at reasonable cost
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(4) LeGIsratiov

Discussing public health services the Supreme Court
Justice John M Harlan observed that it 1s the settled
doctrine of this court that as a Government 1s organised for
the purpose among others of preserving the public health
and public morals 1t cannot divest itself of the responsibi
Iity of providing these objects °  Consohdated laws must
be enacted and enforced to ensure that health rules lad
down by the experts ate carried out

(s} Funps

Local bodies have neither the resources nor the money
to finance malaria control scheme an a Jarge scale  They
may be able to meet only a small portion of the expenses
the rest will have to be shared between the States and the
Central Government The Central Malana Control Orgam
sation should be allotted necessary funds and should have
the powers fo allot money to the States according to their
Tespective requirements There 15 no doubt that i the
beginming expenses will be high but every rupee spent will
mean thousands of rupees saved together with the preser
vation of thousands of hives and the preventton of the
untold musertes endured by malana sufferers  No price 15
too great for ensuring public health secunty The inter
departmental commuttee to co ordinate health and welfare
activities {a co ordmation which 1s an essenhal part of any
health programme) m the US A observed in their report
for 1939 It 1s the conviction of the Commuttee derived
from experience that at the present time there 1s no greater
public need from the standpont of mdividual and social
secunty than a comprehensnve programme to safeguard a
nation s health It 15 an obeervahon which 1s true for
any part of the world
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AppENDIx 1
MALARIA*
INTRODUCTION

1 Malana 1s by far the most important disease 1 India from
the pout of view of sickness and mortahty Lient Colonel J A
Swton a ) of 1 rep and a former
Director of the Malana Institute of India has estmated that at
Jeast 100 mullion persons suffer from the disease every year 1
Brntsh India ihat Decause of its effect m Jowenng the witalty of
1ts vichms 1t 1> also responsible for morbidity from other causes
1n an additional 25 to 75 million persons annually and that directly
and mdirectly 1t 15 responsible for at least two mullion deaths each
ear
¥ 2 Tt 13 impossible to make 2any complete or accurate evalua
tion of all the losses for which malana 1s responsible  For mstance
1t 15 dufficult to assess the finapcial loss that the country suffers as
the resnlt of d p throngh the 1adence of the
disease  Col Smnton has however estimated that on an admit
tedly incomplete but conservative basis the annual loss to the
country measured 1n terms of money may be anywhere between
Rs 147 crores and Rs 187 crores per year If all the relevant
factors could be taken into consideration the loss 15 Likely to be
two or three times this estunate
A tragic feature of the situation 1s that much of the malana
prevalent m the pepulated areas of the country 1s man made In
many case roads and railways have a sim ter account to thewr
credit  Their embankments often cause such interference with
natoral dra nage as to create conditions favourable to the breeding
of the malana-carrying types of mosquitces while borrow pits
which follow the line of our roads and ralways help to provide
additional breeding grounds Bengal 1s generally cited as an out
standing example of man s thoughtless interfurence with natural
dramuge resulting 1 the steady nse m the incidence of malama over
the greater part of that province The failure of rmgation engmeers
to provide for adequate dramage when water 1s brought mto pre
viously dry areas has been another fruitful cause of the spread of
the disease Recent examples of thus are to be found wn certan
areas in Sind the Province of Madras and Mysore The first
question with whch we are faced 1s whether the great drain on
the national health and prospenty caused by malana 1s unavosd
able  After the discovery by Sir Rorald Ross towards the close

Extracts {rom the Report of the Health Survey & Development
Committee 1946 Mazager of Pubh abons Del
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of the last century that certan types of mosquitoes are the trans
nutters of malana 1t has been demonstrated 1n limted areas 1n
different parts of the world that the stnct enforcement of anti
can ly control the madence of the
disease  In the Panama Canal Zone the first attempt to construct
the Canal was frustrated by the ravages among the workmen of
two mosquito-borne diseases yellow fever and malama When
however radical antimosquito measures were enforced m ths
area these diseases were brought under complete control The
d of effective ! at Ismaha m the
Suez Canal area and m Algena was attended by equally convinc
g results In this country the Raipur Vizagapatam section of
the B N Ralway could not have been constructed had not
malana among the labour force been kept under control by an
expert malanologist while the Mettur dam and the Sarda Cana!
afford other instances where large irngation projects were success
fully completed with the help of malana control measures
In recent years even more effectve preventive measures
agamnst malana have become bl luding potent ch 1
for the destruction of the mosquio and drugs for profechng man
agamnst repeated imfection The remarkable manner in which the
fighting forces of the Allies operating in lughly malanous tracts
have been protected agamst this scourge dunng the present war
again bears teshmony to the possibility of effectively controlling
the disease It 1s clear to us that gven the defermnation the
money and the requsite staff 1t shonld be possible to reduce the
wadence of the dxseage 1n India to small proportions

ANTIMALARIA MEASURES
4 The measures that are necessary agawnst malana fall under
two mam heads namely (1) those which are directed agawst the
of mnf the q and (2) those which deal
with man 1 lis twofold capaaty as a vichm of the disease and
as a reservorr of mfechon Antmosquito measures may be
grouped under the following heads —
{f) those which control the breeding of the mosquito and
(1) those which are directed aganst the wsect m its adult
form
5 Measures to control the breeding of mosquitoes—These
measures take a wide vanety of forms aithough the mamn pnna
ples mvolved are the same viz_ the obliteration of facilibes for
the laymg of eggs by the female mosquito and the creation of
conditions 1umcal to the survival of the insect in its larval stage
1n arcumstances when egg laying cannot be prevented  The steps

that are necessary for these purposes include among others
d ge to prevent of water 1 of water
channels and the removal of vegetahor from their sides the use

of larviaides such a3 muneral oils pans green and the more recent
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synthetic product DD T selective cleanng of jumgle or shadiog
of water courses tn centamn cases and the use of larvavoroas fish

There are many vanetes of fish m ths country which
prey on mosquito larvae Gambusia an Amencan speaes of
mumow ntyoduced into India zbout twenty years sgo is bewg
psed 1 the wells in Dangalore and Botnbay the ormamental waters
m Dellu and mn many other parts of the country This spectes
has been proved fo possess all the qualites requured for antt
mosquito wosk and 15 probably more sustable for ths perpose than
any otherspecwes It should be emphasised however that the value
of fish 15 very imted  They are useful w arttficial collections of
water bke omamental waters but ther use 15 of doubtful value
2s a general antilarval measure

7 For deabng with the malanal conditions created by large
construttional works and wngation projects well planned schemes
requnng conssderable techmeal supervision and hieavy expendt
ture will vy These can ob Ty be and
carned out only by the State  On the other hand 1a many parts
of the rural areas effechive results may be secured by works of
a nunor nature such as the filing up of pools and ditches so as
to prevent collections of water or other measures already men
tioped such as othng  removal of segetaton et In our
shott term programme we have made cedtawn suggeshons for the
carrymg out of sach measures m rural areas  We have prowvded
for a small fabour force of 15 w each primary umt ope of whose
dutes will be to see to the carrymng cut of these munor works
These men ggay be unable to deal effectively with the whale area.
covered by euch a umt but an umportant part of ther work wall
be 1n their bemng able as a traned group to demonstrate o the
villagers how to go about these tasks properly Ve hope that the
village Comnuttees we have wecommended (nide Chapter 1V) will
be able 1o mobibse voluntary local effort w camymg out such
weasures and that we shall thus be able to ealist a tremendous
force w the fight agawst thus disease  The small labour squad
will alse form the nucteus round which dunag an epidemme an
expanded vrgamsation can be rapidly built v,

8 It 1z desirable that the planmng and execution of these
antmalamal works should as far as possible recenve techmeal
gudance and we bave recommended the appontatent of an Assist
ant Public Health Engwees st the headquarters of eack secondary
umt for this purpose Direct local supervision will be provided
by the medical officer i charge of the primary uaat and hus two
public health wspeciors

9 Although we hope that the locat effort we bave referred
to %l help to reduce the coot of Jabonr sufficient public funds
should be made avadable to ensure that the rquized expenditure
will be fully met Ve have wmeluded n our budget for cach
Prunary umt & provision for meeting thny expenditure
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of the last century that certamn types of mosquutoes are the trans
mutters of malana 1t has been demonstrated m lirmited areas 1
different parts of the world that the stuct enforcement of antt

g can effe control the ncidence of the
disease  In the Panama Canal Zone the first atterapt to construct
the Canal was frustrated by the ravages among the workmen of
two mosquito borne diseases  yellow fever and malana  When
however radical antmosquito measures were enforced n ths
area these diseases were brought under complete control The
mtroduction of effective antmalania measures at Ismailia 1 the
Suez Canal area and 1n Algena was attended by equally convine
mg results In this country the Raipur Vizagapatam section of
the B N Ralway could not have been constructed had not
malana among the labour force been kept under control by an
expert malanologist while the Mettur dam and the Sarda Canal
afford other wstances where large 1rngation projects were success
fully completed with the help of malama control measures

In recent years even more effective preventive measures
agawmst malana have become labl luding potent ch K
for the destruction of the mosquito and drugs for protecting man
agamnst repeated infection The remarkable manner 1n which the
fightng forces of the Alhes operating in lighly malanous tracts
have been protected against this scourge dunng the present war
again bears teshmony to the possibility of effectively controlling
the disease It 15 clear to us that given the determination the
money and the reqmsite staff 1t should be possible to reduce the
ncrdence of the dxseage m India to small proportions

ANTIMALARIA MEASURES

4 The measures that are necessary against malara fall under
two main heads namely (1) those which are directed agawst the
of 1nf the q and (2) those which deal
with man m hus twofold capacity as a vichm of the disease and

as a reservorr of infechon Antmosquite measures may

grouped under the following heads —
(3) those which control the breeding of the mosquito and
() those which are directed agamnst the insect m 1ts adult
form

5 Measures to control the breeding of mosquitoes—These
measures take a wide vanety of forms although the mam pana
ples mnvolved are the same viz_ the obliteration of facilities for
the layng of eggs by the female mosquito and the creation of
conditions 1mmcal to the survival of the msect 1n ats Jarval stage
m circumstances when egg laying cannot be prevented The steps
that are necessary for these purposes mclude among others
d to prevent of water 1 of water
channels and the removal of vegetation from their sides the use
of larvicides such as mneral oils pans green and the more recent
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synthetie product DD T selectve cleanng of juegle or shading
of water courses m certam cases and the use of larvivorous fish

6 There are many vaneties of fish in thes country which
prey on mosquto larvee Gambuwa an Amencan speaes of
uanow nfroduced wio Indsa about twenty years age 1s bang
used 1 the wells 1y Bangatore and Bombay the emamental waters
wn Delht and m many other parts of the conntry  This speaes
hss been proved to possess all the qualties requured for ant:
mosqito work and 33 probably more sustable for this purpose than
any other spectes It should be emphassed however that the vafue
of fish 15 very imted They are usefal m artifictal collections of
water like ornamental waters but therr use 15 of doubtful value
as a general anhlarval measure

7 Far deating with the malanal condihons created by large
constrictsonal works and smgation projects well planned schemes
mqumn% consderable techmeal supervision and heavy expeadr
ture wail be necessag' These can abvionsly b undertaken and
camed out only by the State On the other haed 1n many parts
of the rural areas eHective results may be secured by wosks of
3 mual natuse such as the fillng up of pools and ditches %0 a5
to prevent collections of water or other measutes already men
toned sach as olng remaval of vegetation etc s our
shott tenn programme we have made certain suggestons for the
carryng out of such measures wn rutal sreas We have provided
for & smal} fabour force of x5 m each primary unit one of whose
duties vall be to see to the carrymng out of these munor works
These men may be unable to deal effectrvely with the whele area
tovesed by such a umt but an important part of thesr work wall
lie 1 thert bemg able as a tramed group to demonstrate to the
willagers how to go about these tasks properly  We bope that the
willage Commttecs we have recommended (vide Chapter IV} wall
e able to mobihise voluntary lotal effort 1n caryng out such
measures and that we shall thus be able to ephst a wemendous
force 1 the fight agamst thia disease  The small Jabour squad
will also farm the pucteus round winch dunng ap epidemic an
expanded organisation can be rapidhy budt up

8 1t 1s desirable that the planming and executon of these
antimalamal works should us far as possible recene techmcal
gudance ang we have recommended the appomtment of an Assist
ant Public Health Enguicer at the headquatters of each secondary
oot for this purpose Dyrect local superviston will be provided
by the medieal officer w charge of the primary wnat and his two
public health wspectors

9 Although we hope that the local effort we have referred
10 will help to reduce the cost of labour suficient public fands
should be made avalable to ensure that the required expenditare
il be fully met. We have tncluded m our budget for each
Prmary wmt 8 provision for meeting this expenditure
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a course of pk q followmng medt
caton for cunng an attack should be advocated as‘;ensmge to
reduce the chance of infection bemng conveyed to mosquitoes

ANTI MALARIA ORGANISATIONS AT THE CENTRE AND IN THE
PROVINCES

16 In an aricle entled The public health aspect of
malana control n the Indian Medical Ga.eite of December 1942
Major-General G Covell] 135 Director Malama Institute of
India made the following observations ——

An essential prelinunary to the successful contro] of malama
1n India 15 the f tion of an adequately staffed
malana_orgamsation 1 each province the achivities of which
should be linked up with those of the central organisation of the
Government of India

17 We fully endorse this view One of the great defects
of the anti malana campaign m India dunog the past 50 years
was that 1t consisted of a sertes of spasmodic attempts to control
the disease  This lack of of effort pamed as 1t
often was by the employ of an org: with fficient
staff and equipment has been largely responsible for the made-
quacy of the results actueved As we have already said 1t has
been amply demonstrated dunng the present War that with
adequate measures even the highly malarous regions of the
Tropics can be rendered comparatively safe from thuis disease
Agam we have pomnted out 1n our review of existing conditions
how the malana organsation which has been working 1n the Delha
urban area for the past seven or eight years has shown that
under cvil conditions also a reasonably ‘effective control of the
mnadence of the disease can be achieved provided adequate funds
are expended under the best available technical advice In these
arcumstances we feel that there can be no excuse for Governments
1 this country not attempting to orgamse an effective campaign
agamnst the disease  Its wide prevalence the cost mvolyed and the
existing madequacy of tramed personnel may result m this cam
paign being extended over perhaps many years Even so at s

most important that a begmning should be made and m the
foll hs specific proposals are made towards this end

18  Central Malana Qrgamsation  The Malana Institute of
India 1s the central orgamisation for advising the Government of
India on all matters relating to this disease as well as for asswting
Provincial Governments with such techmeal advice as they may
requre lts functions have been defined by the Director of
Malana Institute 1 the following ferms —

1 To be fully informed upon all malana problem To
adwise Government on all 1ssues relatve to malana

in India
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To mutiate epquintes and investigations on malana
To camy out such tmqunes as Government may for
any reason requre  To assst provintial orgamsabions
in the tammyng out of such inquines as may be under
taken by them prowiding such assistance as destred
and even 1 certam eases when thought necessary to
lend officers teraporanly from the staff to work under
local government
To undertake systematic research 1w due course into
all the bame facts underiyng malana transmsssion
prevalence and presention suck as the study of
gt and b of
malana  parasides  transmussion wer  of dufferent
:geaes of Anopheles mechanism of nfection including
e study of cndemic and eprdemic phemomena et
Gradually to complete and orgamse knowledge on
these subjects and to armange for the walang of such
knowledge avatlable for practical appheation or such
other uses as may be deswtable
To zarty out ep xaappag
of end study of and healthy
areas study of malana statistics on medern liwes—and
generally to eluadate the underlying prncples of
malana prevalence w India
Yo adwise upon and assist 1 the carmying out of ank
malana measures To study these saentifically and
to ludg::: and eluadate thesr results
To eadertake chnical work on malana acluding treat
ment To study serum reachons and alhed aids to
diagnosis and understanding the disease  To study
rlapse problems effects of new drugs eic
To assist affihiated researches {eg  kalaazar flamasis
sandfly fever dengue Stegomyia work) by sdentifica
ton of matenal provision of trawed staff and subords
nate personnel
To teach apd tram officers and others in practical
walama_work
To publish scienttfic results uscful gudes bullehns

w

-

o

o

~

© ™

e
To keep alive mterest 10 malana study and prevention
and to see that such mterest wherever preseat 15 pursed
and assisted
We are in full agreement with the Director that these should P
be the mam function of the Malana Institute of India i
permanent establishment of the Institute conssts of 2
Drector an Assistaot Dhrector an Entomologst an Asustant to
the Digector 2 Malana Assntant snd appropnate subordinate
staff  The new posts of & Deputy Director “an’ Asustant ™

..

8
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and of certam subordinate stafi which were recently created as a
temporary measure for the duration of the war should be made
permanent  In view of the large developments that are hkely to
take place mn the activities of this malana orgamsation the Central
Health Department should bear 1n mind the mportance of ensur
mg that 1t 1s adequately staffed

19 The provncial malana orgamsation—The general plan
should be the creation of an organsation at the headquarters of
each province and 1m addition @ number of malana control umts
to operate in malatous areas in the districts The number of
these units will obviously depend upon the size of the province
and the extent and degree of the prevalence of malama m 1t As
an 1illustration we may set out a plan for the province of Bengal
We think that about 150 such umits will eventually be required
for that province but a beginning may be made with ten  Qthers
can be added as and when additional traned staff and funds be
come available But 1t 1s essenhial that even from the begmng
suitable transport should be provided for these control umts m
order to increase their mohlity and effectiveness

In the larger provinces 1t will be necessary to provide regional
organisations also 1 order to ensure that adequate supervision 18
exerased over the perspheral malana control units  In the smaller
provinces however such regional orgamsations may not be neces
saty Here the Provincial Malana Officers and therr staff should
be able to carry out the necessary supervision This Provincial
Officer should have the status of an Assistant Director of Health
Services and the Regional Malana Officers may be designated
Deputy Malara Officers

The complete organisation for a large province such as Bengat
may be developed on the following lines —

1 Provincial Headquarters—
Provincral Malana Officer
Entomologist
Samtary Engineer
Overseers
Draftsman
Antimalana Officer
Antimalana Assistants
Yaboratory Assistants
Tnsect Collectors

2 Deputy Malana Officers
Malana Control Umts—
Antmmalana Assistant
Laboratory Asststants
Malana Supervisors
Fatter Mistn
Field Workers

GBS N M b

»
[ AP
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Antunalanal field workers are semm skilled labourers and
ghould not be considered as coolies

Lists of swtable equipment for the malana orgamsaton at
the provincsal headquarters and for the malama coatrol umts are
grven tn Appendic 14 of Volume ITI* of the report

ese eshimates of the malana orgamsation demrable for a

province such as Bengal imcluding stzff and equipment were
prepared for us by the Director of the \lalana Institate of India
He has suggested the followmg approumate number of malana
control units far the different provinces

do of da of

cowirol control

umis umis
Madras. 300 N W F Provree 30
Bombay o Swd 6o
Bengal I50 Apwer Merwara 5
United Provinces 150 Baluctustan 30
Panpab [ Dl P ovince 2
Bihar 100 Coarg 5
Onssa 50 P
Central Provinces & o082

Berar = 00 ——

Assam 8

He has stated that 1n calenlating these feqmrements he took
tato account such factors 1 respect of each province as the ara
Population number of distnets number of sitlages and the degrme
of prevalence of malana as indscated by {a) statishcs of malaaz
mortality and (bz the percentage of fever tases on total cases

ted at hosp tals and cispensanes

20 In our view the most esentral Tequirements are ade
Quately {ramed personnel in sufficient umbers and the drugs
apphances and other equipment for carrying on effectvely the
Qmpingn agawst the disease  We would as a general mile de
precate the spending of Jarge sums on the erection of elaborate
buildings 1w the early stages of aur programme for we heliese
that such money as 15 bkely to be avatlable can at the begnomg
be much more effectively used on staff and antinalanal measures

21 We once agam feel 1t necessary to stress the mestimable
value of good rural m the
of all hraith and ofher workers erployed on nation building tasks
i such areas

22 For detasls regarcing the staff requred for such an
Orgamsation reference may be made to Appendix 14 The total
#xpenditure wvolved w the development of malina argamsabions

Appeodix T{ay
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28 We wish to make 1t clear that these recommendatior
of ours for concentrating the tramung of the higher type
of malana personnel at Dellt are of a purely temporary natury
‘When the lana m the p become full
developed the provision of traming facilitres for all types of malan
workers should in our view be the responsibility of Provinc:
Governments  We have suggested later i this ehapter the ere:
tion of Chairs of Malanology 1n selected medical colleges m orde
to provide facilities for undergraduate and postgraduate tramn
m the subject as well as for shmulating research Thus the pre
vinces should in due course develop facibities for the highest typ
of traming that may be required 1 Malanology

QUININE AND OTHER DRUGS FOR THE TREATMENT OF MALARIA

29 We have already ‘referred to the use of qummne an
mepacrine for the treatment of malana It is possible that othe
drugs of greater therapeutic value may also be discovered as th
result of scientific research It 15 therefore not easy to estimat
accurately what lévels of production m India should be recom
mended for the immediate fnture 10 respect of qumne and mepa
cnne 1 order to ensure that proper treatment facibiies are mad
available to a substantial proportion of the sufferers from malana
All of us are however agreed that 1t should be the responsibilit
of Governments Central and Provincial to take 1 mutual con
sultatton such steps as are necessary to ensure the production X
India of 1 drugs 1n suffi a1 to meet the
requirements of the country within the shortest possible penod
We are equally agreed that the country should not again be placed
at the mercy of a private monopoly which can control to 1is own
advantage the pnce of these drugs which are essential for the
mamtenance of the health of the people Whether 1n making
adequate provision for these drugs Governments should them
selves undertake extensive programmes of production or whether
private enterpnse can be reled on to supply the needs of the
countrv through any system of guarantecs or subsidies from the
State are matters on which we are unable to express an opmion
with the mformation at our disposal ~We can only lay down three
general propositions —

(1) the pnces at whuch antimalana drugs are made
avaitable to the people should be sufficiently low to
enable the poorest classes to obtan them 1 adequate
amounts for the effective treatment of the disease
these drugs m whatever provinces they may be pro-
duced should be made available on an equitable
basts and on reasonable terms for the needs of all
parts of the country and

2
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{3) no delay should be allowed to occur 1 developing
therr production
We shall first consider the production of qunine
30 (a) Quinine~If Colonel Sinton s estimate that at least one
hundred million 1ndividuals suffer from the disease every year be
taken as the basis of calculation 1t does not seem unreasonable to
assume that there will be at least 120 to 150 mullion cases to be
treated annually in view of the fact that more than one attack 1s
not an uncommon feature of the disease The Malarla Commis-
sion has recommended 75 grawns of quumne as the mmmum quan
tity necessary for the treatment of a case On this basis the
amount of qunine requred will be m the neighbourhood of 13
to 16 million pounds per year If quuune 1s to be relied upon
2s the sole drug for the treatment of malana our objectve should
be an annual producton of 1t to the extent of abont 1 § mullion
pounds from cinchona barl produced i the country Some of
s hold the view that this should be the defimte objective which
Governments should place before themselves and that every
endeavour should be made to attamn 1t within the shortest period
that may be practcable Others feel that the expemence gamed
during the War with the large scale use of mepacrine 1n the treat
ment and prevention of malara in highly endemic areas makes 1t
Decessary to take into account the possibihity of this drug replacing
qumune to a greater or less extent in the freatment of the disease
and that 1t would i the arcumstances be safer to start with a
more himited objechive m regard to the production of quome
e average annual consumption of qumne m India w the pre
war penod was 210 000 Jbs and of this amount about a third
was produced 1n India a part of such production bemng we believe
from bark imported from Java As a practical objective for
reabisation as early as possible those of us who hold this view
Tecommend the raising of quimine production to the pre war level
of consumption mn India namely about 210 0co Ibs from ndi
gemous bark alone A cinchona plant begins to yield bark
generally from the fifth year of its Ife the perod of high produc
tnty bemg from the fifth to the mnth year After the twelfth
year 18 yeld g y d In these the
raising of the annual production of qummne even to 2z0 coo lbs
mark from barh produced in the country will take some years
In the meantime the possibility of synthetic drmgs displacing
Quamne wholly or in part n the treatment of malana may well
Be sctlled Thus 15 a question of considerable importance whick
shonld be decided before embarl on too amb ap
of quiine production Such a programme 1s certain to mvolve
beavy financial commutments which would not be justified af 1t
became possible to produce cheaper and equally effective syntbetic
substitutes
3t We asa committee would prefer to leave to the Govern
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ments 1 the country the responsibiity for decading whether prvate
enterprnise should or should not be ;yssuuated s\x'lx‘t.h the pm(fucnon
of quinine and of other anttmalana drugs  If it 1 decided {hat
such assoctation 1s desirable 1t would be for Governments to deter
mine the condrtions under which private agenties should partia
pate m production  One of us (Sir Fredenck James) however
desires to see that private agencies are given the fullest opportumty
{o take part 1 quinine production wath techmcal adyvice and a
prce guarantee provided by the State  We attach our colleague s
note on the subject We fully support tus suggestion that research
mto the agncultural and manufactunng aspects of the qumne
industry should be a governmental responsibility and that two
expenmental sfations should be established to serve North and
South India respectively

32 (b} Mepacrine—The prewar annual copsumption figure
of 210 000 Ibs of quuune wili pronide treatment at the rate of
75 gramns per patient for about 19 6 or nearly 20 muilhon cases of
malarta  If as an unmediate objective, we accept the provision
of adequate antumalana drugs for the treatment of 50 mullion
cases ly then p will have tg be produced
to meet the requirements of 30 muflion patients The muumum
quantity of this drug for a complete course for a patient 18 15

s ar 15 tablets of 0 1 gramme each  The manufacture of

450 mihon tablets of mepacnne a year m India should therefore
be the immediate objective

33 Pyrethrum and D D T —The mam sources of pyrethram
before the War were Kenya and Japan but the culhvanon of
the plant has been successfully undertaken mn vamous parts of
India mcluding Kashmir the Pumjab Hills the UP Central
Provinces Madras and Omssa It has been shown that the yeld
of the active prncaple from the plants grown 1 many parts of
India compares favourably with the flowers obtained from henya
In these it may be bly expected that m
the course of some years there will be an ample supply of pyre-
fhrum grown 1n this country to meet all local demands The
Director Malana Insttute of India has estimated that m order
to make the country self- h Ifivation will have
to be extended to about I20 000 acles 0 as to produce apnually
about 15 oo short tons (2 0o Ibs a ton} of pyrethrum flowers
This estimate makes allawance for a sixth of the total area uader
cultivation lymg fallow each year

34 Asan msectiade the relationship of DD'T to pyrethrum
15 somewhat swular to that of mepacnne to qumne in the ireat
ment of malana There 15 the possibibty n both cases of the
synthetic substance replacing to a greater or Jess extent the use
of the other It may however be pomnted out that the mdiscn
ymnate use of DD T has been shown to result an the destruction
of eertam types of beneficual msects It 15 quite likely that m
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due course adequate safeguard: be & ed and duced
m order to prevent these detnmental effects There 1s alwo the
possnb;h(tiy ihat insectiides more potent than DDT may be
produced and brought into use While recogmsing that thes
possthilities should ba gven due weight we thnk that the cultiva
tion of xgtcthmm m Inda shosld be develo uatl the
use of DDT has become estabhished Even when thus stage
16 reached the production of u certawr amount of pyrethrum will
stll be necessary f as has been suggested a combimation Of
VDT and pyrethrum is more effecuve than either of them
alone  Another seascn which hat prompted us to advocate the
contiauance of its cultivatian, 18 that at short notwe 3t can o
necessary be gven up and replaced by other Here agan
he steps required o foster the increased growth of pyrthrum
must be deided by Governments after 3 full exsrunation of the
relevant factors

We can only stress the necessity for a largely wncreased supply
of pyrethrum fiowers at a reasanable prce and the duty of Govern
wments e India, to take immediate steps to ensure production on
w scale sufficzent for the needs of the conntry

Chucal Research in Malena—Whie one hne of attack

w the malata problem 15 through the control of fhe tarner types
of mosqustoes another should be dywected b the ehmivation
of the reservours of wmfection  As relapses are quite common In
walue 2 person who suffers fram an attack of the disease con
hinaes i an appreciable percentage of cases to harbowr the para
site for a varyimg length of tme The complete destruction of
Al the parmsites in such persons should form an tmportant part
©f an antumalanal campaign  One of the Lmtatons of all anht
walanal drugs so far avadable (induding quuune mepacnne and
plasmoquine] 15 that they help to kit onfy such of the parasttes
28 are present in the arenlating blood of the patient while those
which are harboured in the spleen and other wternal organs
escape  The acluesements of chemotherapy have dunng recent
sears Ieen so boiliant that it is quite concavable that a drug
may be discorered with power 10 kgtx the paraaite not oaly w the
stculating biood but alyo in those internal organs 1o which st finds
relige  Any sach drog when discovered and tested in the labo-
ratory can be considered to be effertive only by a reasonably large
£ 0ol on human bemngs Ve feel that there 15 noed for the
achve of 4 bioeh t and chnscal rescasch
umung at the evolution of a sttable drog which will help not only
to cate the patient for the time boing but also to destroy the para
ates 1 fum completely

36 We consider the promotion of active research 1 malanx
ta be of tindamental importanée n this conntry  The creation of
Chases of Mahanology m selectsd medical rolleges 1s & Wghly demr
able strp in this connaction These professorshups would serve &
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double purpose namely the fostenng of reseatch m malama and
the provision of adequate facilihes for undergraduate and Ppost
graduate traming m the subject
Legisl, The effective enf of

measures requires suitable legislation and we have given as
app.rdices 15 16 and 17* respectively the Model Mosquito Ordi
nance of the United States Public Health Service the Straits Settle
ments D of M Q No 174 and those
sections of the Bombay City Mumcipal Act which deal with ant:
mosquito measures mn order that they may be examined by the
different health authonties 1 the country with a view to seeing
how far they may be followed as models

CERTAIN SUGGESTIONS BY SIR FREDERICK JAMES OBE MLA
FOR INCREASING QUININE PRODUCTION

38 (1) Before deciding on the method of increasmg the pro
duction of anchona bark 1n India it would be well fo study the
production methods in the Netherlands East Indies which before
the War supphed over go per cent of the world s quimne  Theyr
dominating position has been acheved through a combination of
Government and private efforts and the systematic way 1 which
the industry has been orgamsed

{2) Nine tenths of the cnchona produced i the NE Indies
comes from pnvate plantations but the wmproved types of
cinchona and the improved methods of culivation and propaga
tion are denved from the work carmed out at the Government
cmchona plantations  Judged by ordmary standards of commer
cial the prod of cinchona on pnvate estates will
always be cheaper than on Government estates  If therefore the
am 1s to produce quinine at as reasonable a cost as possible every
attempt should be made to petsuade planters to take up
1ts cultivation

(3) A Central Cinchona Bureau for India similar to the hua
Bureau of the Netherlands East Indses should be established Such
a Bureau might well have two expenimental stations one situated
1n the North and the other sitwated mn the South with plantations
attached  If such a Burean were placed under the Impenal Coun
al of Agncultural Research and prvate planters were associa
with 1t India would have taken the first step towards rasiog
cheap cnchona for the only bark which 1s really cheap 1 the
bark of the high yielding types

) The main work on bath these expenmental stations would

4
be the study of plant breediny pagat
yd dgc oo of which had already

an b3
finished one cycle of cinchona growing

Appendices I (b)) (¢} and {d)
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{5) One of the reasons why emchona production has been so
backward i India 13 its provineialization s Madras and Bengal
the lack of an all India policy and the failure of the Governments.
concerned erther to associate experienced planters with the deve
lopment of thetr stations or to encourage private enterpnse

(6) On page 153 there are two general propositions —

(2) That the pnces at which antmalana drugs incuding
qumne are made avalable to the people should be sufficently
low to enable the poorest classes to obtain them in adequafe
amounts for the efiective treatment of the disease  This wall
mvolve a certain amount of price control and in the event of
prvate plantations betng encouraged profit control also  But the
plnting of cinchona 1s a nsky enterpnse and if profits are to be
controlled 1n order to emsure that the price of qumine 15 kept at
a reasopably low level then a guaranteed offtake at a fixed prce
15 the only mducement which will encourage pnvate enterpnse
The world price of cinchona has fluctuated around Rs 20 per Ib
and the expenence of the Netherlunds East Indies bas shown that
a reasonably profitable industry can be a sound basi for a normal
and constant produchon This should be recogmised by those
who wish fo sce qumne provided at a cheap price for it can
only be achieved if economy 1s effected 1n the costs of production
and & by efficient or funds are provided
from public reventies to meet the loss mncurred by mefficient pro-
duction  Costs of production can be reduced by screntific research
and efficient orgamusation and of thus industry 15 well aware

{b) That no delay should be allowed to occur mn starting new
ghnt:mons on an adequate scale If a Central Cinchona Burean

established 1t should be fauly smple to plan producton with
2 view both to ensunng supplies of bark to existing factomes and
where new areas are being opened up for the mawntenance of other
factoties 1n full production

Government stations should also assist by rawng plants of
good quality for sale to private growers Sales would be partly
adjusted to the cinchona which they destred to establish 1 any
areas

The einchona industry should be essentially an all India eon
m but at present 1t 18 provinesal and dealt with by two provin
cal Governments If the price guarantee 15 agreed to by the
Ceatral Government then 1t could be made conditional on a cer
fa1n amount of control aver policy both of extensions and saentific
fesearch. If the Madras and the Bengal Governments are nmot
Prepared to as,ociate the Impenal Counal of Agncultural Research
th the planmng of the work at therr statons then the Central
Government should establish 1ts own research station 1n Coorg
which 15 3 centrally administered area and 15 switable for planta
ton of cinchona
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double purpose pamely the fostenng of reseatch m malana ard
the provion of adequat, facibhies for undergraduate and post
graduate trumng 1 the subject
37 Legqsh The effective of q

measures requires smitable legislabon and we have gven as
appt dices 15 16 and 17* respectively the Model \osqmto Ordr-
nance of the Unuted States Pablic Health Service the Straits Settle-
ments tion of Mosquitoes O Do 174 and those
sections of the Bombay City Momeipal Act which deal with ant-
mosquito measures in order that they ma) be examined by the
different health authontes in the country with a view o seeng
how far they may be followed as models

Cextary SUGGESTIONS By St FREDERICA JAMES OBE. MLA.
FOR INCREASING QUININE PropUCTION

3S (1) Before decxding on the method of mereasing the pro-
Quetion of anchona bark m India 1t would be well to study the
production methods tn the Netherlands East Indies which before
the War supplied over oo per cent of the world s quoine  Ther
dominating posttion has been achived through a combination of
Government and pnvate efiorts and the systemahie way in which
the mdmiry has been organned

(2) Nine-tenths of the cnchona prodoced 1 the N E. Indies
comes from_ private plantations  but the mproved tvpes of
anchona and the wmproved methods of cultvation and propagk
tion are denved from the word. camned ont at the g{ommnem
cmchona plantabons.  Judged by ordinary standards of comnmer
aal t the T J’d\, gf hom on private estates will
abways be cheaper than on Government estates. * I, therefore the
aim is to prodnce qunine at as reasonable 2 cost as possidle eveny
atterapt should be made to persmade planters to take ©p
s cultvation

(3) A Central Cinchona Bareau for India similar to the hanz
Bureau of the \etherlnds East fndies <hould be establobed Sach
a Burean mught well have two expenmental stations, on¢ sitvated
1 the North and the oder atnated 1 the Sonth with plantatazs
attached  If such a Burean were Placed ender the Impenal Com-
i of Agncel*ural Research and pavate planterss were assocated
wath 1t, Indi woold have taken the first step towards rasie
cheap anchona for the only bark wheh & realh cheap 1 the
bark of the hah yieldng types.

(4) The mun work an both these expenumental stabans woold
te the stody of plant hreeding vegelative propagation caltvabod,
manenng and the regencration of Pantabons, which had alreade
fimshed one cvde of anchona growmg

Appesboes 1 (R () and )
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(5) One of the reasons why ¢inchona produchion has been so
packward 1 India 15 1ts provincialization mn Madras and Bengal
ihe lack of an Il India pohcy and the fadure of the Governments
roncerned erther to assocrate experienced planters with the deve
lopraent of their stations or to encourage private enterpnse

(6) On page 153 there are two general propositions «——

(a) That the pnces at which antimalana drugs mcluding
junme are made available to the people should be sufficiently
low to enable the poorest classes to obtan them mn adequate
amounts for the effective treatment of the disease will
mvolve a cerfain amount of pnce control and 1n the event of
pnvate plantatiens being encouraged profit control also  But the
planting of cinchona s a msky enterpnse and if profits are to be
controlled m order to ensure that the pnice of qunme 1 kept at
2 reasonebly low level then a guaranteed offtake at a fixed price
18 the only mducement which will encourage private enterprise
The world price of cinchona has fluctuated around Rs 20 per 1b
and the expenence of the Netherlands East Indies has shown that
a reasonably profitable industry can be a sound basis for a nomal
and constant production This should be recogmsed by those
%ho wish to see qunme prowided at a cheap pnce fof 1t can
only be achieved 1f economy 15 effected 1n the costs of production
and distab by efficzent or funds are provided
from public revenues to meet the loss mcurred by 1neffictent pro
ducton  Costs of production can be reduced by scientific Tesearch
and efficsent orgamsation and of this ndustry 1s well aware

{b) That no delay should be allowed to occur i startng new
plantations on an adequate scale If a Central Cinchona Bureau
i established 1t should be fauly sunple to plan production wath
a view both to ensuning supplies of bark to existng factores and
where new areas are bemg opened up for the mamntenance of other
factones 1n full producton

Government stations should also esust by raswng plants of
820d quality for sale to private growers Sales would be partly
:;!eju!ted to the cinchona which they desired to establish i any

'as

The cinchona wndustry should be essentally an all India con
em but at present 1t 15 provineial and dealt with by two provin
cal Governments 1f the prnce guarantee 15 agreed to by the
Central Government  then 1t could be made conditional on a cer
tam amount of control over policy both of extensions and scientific

1f the Madras and the Bengal Goverments are not

Prepared to assocrate the Impenal Council of Agnicultural Research

i the planmng of the work at therr stations then the Central

;xvemmcnt should establish 1ts own research station 1 Coorg

Wuch 15 a centrally admomistered area and s smtable for planta
Jut

ton of tanch
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double purpose namely the fostenng of reseaich 1 malana and
the provision of adequate facthities for undergraduate and post
graduate tramung m the subject

Legisk The effective enft of antmosquito
measures requires suttable legslation and we have given as
appw dices 13 16 and 17 respectively the Model Mosquito Ord:
nance of the Umted States Public Health Service the Straits Settle
ments Destruction of Mosqufoes Ordinance No 174 and those
sections of the Bombay City Mumeipal Act which deal with ant
mosquito measures 1n order that they may be exammed by the
different health authonties n the country with a view to seeing
how far they may be followed as models

CERTAIN SUGGESTIONS BY SR FREDERICK JAMES OBE MLA
FOR INCREASING QUININE Propuction

38 (1) Before deciding on the method of icreasing the pro-
duction of cinchona bark m India it would be well to study’ the
production methods 1n the Netherlands East Indies which before
the War supplied over go per cent of the world s quuine  Their
domunating position has been achieved through a combination of
Government and pmvate efforts and the systematic way m which
the mdustry has been orgamsed

(2) Ntxrnye tenths of the cinchona produced in the NE Ind:ef
comes from pnvate plantatons but the improved types o
cinckona and the mmproved methods of cultivation and propaga
tion are denved from the work cammed out at the Government
cmchona plantations  Judged by ordmnary standards of cn’mnal
cial the prod of cainchona on prvate estates ¥
always be cheaper than on Government estates  1f therefore the
am 15 to produce quinine at as reasonable a cost as posaible every
attempt should be made to persvade planters to fake vp
ts cultivahion
! (3) A Central Cinchona Bureau for India similar to the é\mc;
Bureau of the Netherlands East Indtes should be established hm‘:ed'
a Bureau might well have two expenmental statons one ‘tah o
mn the North and the other situated m the South with p]a?(:o:n
attached  If such a Bureau were placed under the ImpenaD e
@l of Agneultural Research and prvate planters were ass x:\s o
with 1t India would have taken the first step tuv:;rds e
cheap cnchona for the only bark which 15 really cheap
bark of the high yelding types d

‘The mgamy:vork %n both these expenmental stagﬁ;;:}_’

(“
be the study ;( thp]ant breeding vefgetauyipmpaﬁﬁ‘:: bad aleady

and the of
finished one cycle of anchona growing

Appendices I (b) (¢) and (d)
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(3} One of the reasons why anchona production has been so
backward 1o Indsa 18 sts proviicizhization in Madras and Bengal
the lack of an all India policy and the fuluze of the Governments
concerned exther to associate expenenced planters with the deve
Topment of ther stations or to encourage puvate enterpnse

(6) On page 153 there are two general propositions —

{a) That the prces at which aptimalama drugs  mcludiog
quune are made avalable to the peaple should be suffictently
low to enable the poorest classes to obtun them m adeguate
amounts for the effectve treatment of the disease  This will
wvalve 2 certam amount of price control and m the event of
private plantations bemng encouraged profit control also  But the
plantng of cchana 13 2 nsky enterpnse and af profits are to be
controfied m order to cosure that the pnce of quinine 15 kept at
a reasomably low level then a guaranteed offtake at 3 fixed pnce
13 the only nducement which wall encourage prvate enterpnse
The world price of tnchona has fluctuated atound Rs 20 per b
and the expencnce of the Netherlands East Indies has showm that
a reasonably profitable mndustry can be a sound basis fér 2 normal
ad constant production  This should be recognised by those
who wsk to sce quuune provided at a cheap prce for 1t can
only be aclueved i economy 1s effected m the costs of production

by efficent or fonds are provided
from publie sevesioes to meet the loss meurred by pro-
duction  Costs of production can be reduced by suentific reseasch
and efScent orgamsation and of this wmdastry 18 well awace

{b) That no delay should be atlowed to occar i starng new
Elmahm on an adequate seate I a Central Cmchona Burean

established 1t should be farly smple to plan production with
2 view both to ensunng supphes of bask to existing factories and
where new areas are being opened up for the mamtenance of other
factones 1 full prodaction

Government. stations should also assist by fasing plants of
good quality for sale to pnvate growers Sales would partly
adjusted to the unchona which they desired to establish in any
ane

a3

The anchona industry should be essentially 2n alt India con
cern but at present 3t 15 provancial and dealt with by twe provin
cal Governments 1f the pnce guarantee s agreed to by the
Ceatral Government then 1t cowld be made conditopal on & cer

prepared to associate the Fmpenal Couneil of Agncultural Research
wih 1he planang of the wark at thowr stations then the Central
Government should establish 1ts own research stabon in Coarg
which 15 4 centrally admmstered area and 15 sutable for planta
ton of cinchona



Arrenpix I{b)
MODEL MOSQUITO ORDINANCE
Uvitep States Pustic Heatrr Service

Sechon 1 1t shall be unlawful for any pesson to have keep

mamtain canse or permut withmn the corporate hmuis of

any collechon of standing or Rowwg water 1 which
mosquitoes breed or are Lkely to breed unless such collection of
water 15 treated so as effectually to prevent such breedin,

Section 2z —Collections of water 1n which mosquutaes hreed or
are likely to breed are thase coutamned 1 ditches ponds pools
excavahons holes depre.stons open cesspools pnvy vanits
fountains wmterns tanks shalfow wells bamels troughs (except
borse troughs n frequent use}) ums cans boxes bottles tubs
buckets defective house roof guiters tanks or flush closets
or other water contamers -

Section 3 —~The patural presence of mosquite latvae
standing or runpumg water shall be evidence that mosquitoes are
breeding there

Section ¢ ~Coflections of water m which mosqutoes breed
or are hkely to breed shall be treated by such ope or more of the
following methods as shall be approved by the health officer —

{Here follows descnption of methods) -

Section 5.—In case the person responuble for the condition
of premuses on which ma qutoes breed or are Iikely to breed fads
ar sefuses to take necessary measures fo_prevent their breeding
within three days after notice 10 wnting has been grven lum by
the bealth officers or within such longer kme after such motce
s mdy be specified in the notice the sad person responsible shall
be deemed guilty of a violaton of this ordmance and for eacht
day after the expration of three days from the day on which such
notice 15 gven him or for each day affer the expiration of the
ume specaifed 1 the nohice as the case may be that the person
responstble fails or refuses to take such measures the sud person
responsible shall be deemed gulty of a separate violauon of s
ardinance and i case of such fadure ot refusal of the persop
responsible  the health officer 15 authonsed to take necessary
measures to prevent the breeding of mosquitoes and all necessary
costs meurred by the health officer for that purpose shall be a
charge agatust the person responstble

Sectian 6 ~For the purpase of this ordmance the person res-
ponsible for the condition of any prenuses 15 the person usmg of
occupymp the same of 1 case Tig Person is Usiag or OCCUPIIAE
the premuses the person who by law 1s entitled to the smmediate
possession of the same or in case the premises are used or
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occupred by two or more tenants of a common landlord  each
tenant however 15 responuble for that part of the premuses which
he octupies fo the excluson of the other tenaats provided
that w case the prepuses are occupied by a tenamt under
an yearly or monthly tenancy or under a ¥ease for not more than
a year or under any lrase whereby the lessor is expressly or
mphedly obligated to keep the premses m repar and the collechon
of standing or flowing water 1n which mosquitoes breed or are
Likely to breed 15 owing to the disrepar of the bulding or buldings
or {0 any natural quality of the premuses or to any conditions that
easted at the time when the tenant entered inta possession of to
anything done on the premises by the landlord dunng the exstence
of the tenancy or lease then and in such case the landlond i5 the
person responsble  provided further that any person who has
cauwsed to exst on any premuses of which he is not the owner
landlord occupant or tenant any collection of water mn which
mosquitoes breed or are kkely to breed is responsible as well as
the owner landlord tenant or cccupant as the case may be

Secsson 7 —Tor the purpose of enforeng the provsions of this
ordimance the health officer or tus lawful subordinate moay at all
reasonable tmes enler 38 and upon any premuses wathin hus
Junsdiction

Section 8 —-Any person found guilty of a wiolation of this
ordinance as desenbed in Section § hereof shall be punished by
2 fine of not Yess than one dollar {% 1} and not more than twenty
five dollars {§ 25)

Sechon g ~This ordinance shalf be i full forve and effsct
on and after the { ) day from the day on which 1t s
approved
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(@) to bnng any water or swamp mto a conditon not
favourable to the propagation or harbounmng of

mosquitoes -
{¢) to fill with concrete or otherwise treat hollows m trees
which hold or are likely to hold water
7  Enforcement of order —(z) I the owner or occupuer of any
premises or whom an order under sectiont 4 or 5 has been served
fails to comply with the terms thereof the sanitary authonty or
any person authorised by him erther generally or specsally
that behalf 1n wnting may enter upon or into the said premses
with such assistants and things as are necessary and may perform
and do thereon or therem alf acts and things required by &e sad
order to be performed or done and the cost thereof shall be re
coverable from the owner or occupser by the sanitary asthonty
(2} If the amount of such costs 1s not paxd by the party hable
to pay the same witlin seven days after demand such amount
may be reporfed to a Police Court and recovered m the same
way as if 1t was a fine impoced by such Court
(3) Nothing n this section shall effect any Lahility of any
person to prosecution and pumshment under section 8
8 Penalty for default —(1) Any owner or ocepprer of an
premuses on whom an order under sechon 4 or 5 has been serve
who neglects to comply with the terms thereof shall be lable on
conviction by a Police Court to a fine not evceeding five hundred
dollars or to umpnsonment of either description for a term which
may extend to six months
« (2) No person shall be pumshable under this section for
neglect to comply with any order mn respect whereof he has
led as t ft ded unless such order has been

PE
confirmed on appeal

10 Persons unable to meet necessary expenditure —If 1t
appears to the samtary authonty after due imquiry that any person
has not the means to meet the hecessary expenses of dong any
thug requred to be done by lum under this Ordipance  such
necessary expenses may be met from Muncipal or Rural Board
Funds as the case may be

11 No compensation —No person shall be entitfed o com
pensation for any expense mcurred or damage occasioned by any
order given or act done  pursuance of this Ordinance or any rule
made thereunder unless such damage has been occasioned malt
crously of without reasonable cause

13 Penalty for obstructing samtary authonty —Any pcxsm:i
who obstructs the samtary authonty or any person authonse
by hun or any person engaged in cartying oot this Ordinance :n
any act authonsed by this Ordmance “shall be Lable on tgﬂﬁn
tion by a Police Court to a fine not exceeding two bundred dollars
or to of either for a term which may

extend to three months
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14 Penalty for injunieg works etc execnied et by sam
tary authorty ~Any person who without the consent of the
sanfary authonty interferes with mjunes destroys or renders
useless any works evecuted or any matenals or things placed 1n
under or upon any premises by or under the orders of the samtary
authonty shall be hable om conviction before a Police Court
to a fine not excceding five hundred dollars and the samtary
aothonty may m addition recaver from such person m the same
manner 2s if 1t was fine amposed by 2 Police Court such costs
and expenses as 1t wcurs in re-evecuting the works or replacing
the matenals or things so nterfered with injured destroyed or
rendered vseless

15 Duty of owner and occuprer to protect works for destruc
bon of mosqutoes ~(1) Where the samtary auhﬂazomy of any

al

3

any works with the ohject of preventing the breéding of mosquitoes
whethier before or after the comung mnte forse of {hs Ordmance
the owaer a6d the occupier of the premuses on which such works
stand shall prevent such premises beisg used i amy macner
whatsoever that 1s hikely to cause or has caused the detenoration
or to lessen the efficiency of such works

{2} Penalty —.Where any such premuses are used 1w such a
manner as fo lessen the fu){ efficencty of such works the owner

the occupier of such premses shall subjeet to sub section {4
be hable on convictinn before a Police Court to a fine ot exceed
wg five hundred dollars and the samtary authomty may eater
upon the prewses and execute any necessary fepaws or work
thereon and recaver from such person i the same manner as if it
was fine 1mposed by a Police Court such costs and expenses as it
thereby weurs
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ANTIMOSQUITO PROVISION IN THE BOMBA
MUNICIPAL ACT
Section 3 —Defimtion of terms — -

*{t) Water worh includes a lake stream spnng  pump
Teservoir  cisterns tank  duct whether covered or open sluce
mampipe culvert engine and any machini land bulding or
thing for supply or used for supplying wati;y

(2) Nmsance includes any act omssion place or thing
which “causes or is likely to cause mjury danger” annoyance or
offence to the sense of sight smelling or heanng or which 1s or
may be dangerous to hfe or mjunocus to health or property

(aa) Dangerous Disease means cholera and any endemc
eprdemic or infectious disease by which the lfe of man 1s
endangered

Sectror 61 —Matters to be provided for by the Corporation
—It shall be mcumbent on the corporation to make adequate pro-
wision by any means of measures which 15 Jawfully competent to
them to use or take for each of the following matters namely

{d) The reclamation of unhealthy localities the removal of
novious and lly the ab of all

(g) Measures for preventing and checking the <pread of
dangerous diseases

Section 64 —Special functions of the Commissioner —(3) sub
ject whenever it 1s i this Act expressly so directed to the appro-
val or sanction of the corporation or the standing commuttee and
subject also to all other h and )
imposed by this Act the entire executive power for the purpose
of carrying out the provisions of this Act vests 1n the Commussioner

Section 68 —Mumapal officers may be empownered to exercise
certain of the powers of the Commisstoner —(1) Ay of the powers
duhes or functions conferred or imposed upon or vested m the
Commussioner by any of the secttons sub sections or clauses
mentioned m sub section (2) may be exeraced performed or dis-
charged under the Commusstoner s control and subject to his revi
«on and to such conditons and Lmutations if any as he shall
think fit to prescibe by any mumapal officer whom the Com
nusstoner  generally or speGally empowers 1 wntng in this
behalf and in each of the sard <ections sub-sections and clauses
the word Commussioner shall to the extent to Which any mum
aipal offcer 15 50 empowered be deemed to mclude such officer

2} The <ections sub sections and clauses of this Act referred
10 1~ sub-section (1) are the following namely —
279 374 377 381 381A 488 489
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Sechon 274 ~Provssions as to cstems —{1} The Comrus-
woner may whenever st shall appear to hum to be necessary
wntten notice fequre that any premises furmshed with a prnivate
water supply from any mumapal water work shall enthis a
reasonable penod which shall be presenbed 1n the said notace be
provided with a storage eistern of such size matenal quality and
descripion and wath such fithogs and placed an such a postion
and with such means of access as he thinks fit

Section 270 —Power to cut off private water supply or to tum
off water—{1} The Commssioner may cut off the connection bet
woen any mumopal water work and auy premuses ta which 2
pavate water supply s furmshed by the corparahion or turn off
the vlw" from such preouses m any of the following cases
20ely -

(0} of the owaer or cccupier of the preauses neglects within
e penod prescnbed sn s behalf 1 any notice gven under
wbscton (1) of sechon 274 to comply”with any sequsion
made to hun by the C g the p of a
storageesstern ‘or the means of access thegeto prowvided that

e Commissioner shall not take action

mthgut‘!he sancmigx of the standing oommmce‘ .
ection 374 —Power to wspect ses for samtary pur
Poses —The” Commissioner ma;pecmspepr;m;ny budding or ather

Premises for the purpase of ascertaming the swmtary eondittons
thereof  {But soe Section 488)

Section 377 —Neglected premises —Jf 3t shall appear to the
Commissioner that any premises are overgrown wih rank and
Losame g, or are 1 an wawhol or filthy
condibon or by reason of thewr not bemng propery enclosed are
fesorted €0 by the public for purposes of nature or are otherwise
2 nusance to the b the ¢
my by wnlten notice requite \De owner or ocouprer of such
Prenuses to cleanse clear or enclose the same of with the
2pproval of the standing commuttee may requure um to take
:néh other order with the same as the Commssoner thinks

Sechon 381 ~Filheg 1 of pools etc  which are a nwsince
~{) if tn the opiion of the Commussioner—
{a) any pool dwch tank well pound quanyhole dram
waterconrse or any cotlection of water or
{8} any esstern receptacle for water or aqy amcle oz thng
apable of containing water whether or not such estern of recep-
artcle or thing contans water and 13 within or outsde
a bullding oy
(c) any Jand on which water actumulates of 13 likely to
ucur&u),[;ge or
Ay premuses or of any premises occuped or wn
Soped or under Lo o4 or demol ®

9
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or 15 Iikely to become a breeding place of mosquitoes or whch 15
1 other respects 2 nuisance as defined 1n clause (z) of sechon 3

(+) The Commusstoner may by notice 1 wntng require the
person by whose act default or sufferance a nusance amses
exists or continues or 1s hkely to anse and the owner lessee or
occupier of the land building or premises on which the nwisance
anses exists or continues or 1s likely to anse or any one or more
of such person owner lessee and occupier to remove dscontinue
or abate the nusance by taking such measures and by executing
such work m such manner with such materials as the Commussioner
shall prescnbe 1n such notice

() The Commussioner may also by any notice under clause
{n) or by another notice served on such person owner lessee
and occupter or on any one or more of them requre them or
any one or more of them to take all steps requisite or nec
to prevent a recurrence of the nursance and may if he thinks it
deairable speaify any work to be executed or measures to be
camed out for that purpose and may serve any further such
notice notwithstanding that the nuisance may have been abated
or removed 1f he considers that it 1s likely to recur

Provided that 1f at any time within six months from the date
of the service of any such notice the nwsance recurs through the
farlure of the persont or persons upon whom such notice has been
served to comply with the requirements contained 1n such notice
such person or persons shall be liable without any further notice
to the penalties provided in this Act for offences under ths section

(1v) Where the nwsance anses or exists or s likely to anse
or recur 1 with the co or
demolition of any premises or part of any premses the Com
mssioner may in addition to serving any notice on any one or
more of the persons mentioned 1n clause (u) serve any such notice
on any architect contractor or other persons employed to carry
out such work of or and
also on any sub ployed by such or other
person or any one or more of such contractor person and sub-
contractor

Section 381 A —Permission for new well etc —(1) No new
well tank pond astern or fountan shall be dug or constructed
without the previous permisston i wnitng of the Commussioner

(2) I any such work 15 begun or completed without such
permussion  the Commussioner may erther—

(a) by wntten notice require the owner or other person who
has done such work to fill up or demohsh such work such
manner as the Comnussioner shall prescnibe or

(b) grant wntten permussion fo retan such work but such
permussion shall not exempt such owner from proceedings for

g the P o ectron (T,
Section 461 —By laws for what purposes to be made.—~The

’
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corporation may from time to time make by laws not inconsistent
stk this Act with respect to the following maters namely

{4 I m an; lar not sp ly provided for
in this Act the construchon maintenance and control of drams
ventlaton shafts or pipes cess-pools water-closets prvies
latnoes urnals  dramage works of every descnption whether
belonging to the corporation or to other persons mumcipal water
works pnvate communication pipes and public streets

(b) regulatng all matters and thuings connected with the
supply and use of water

Section 471 —Certain offences punishable with fine —Whoever
{9) contravenes any provision of any of the sechons sub-
sections or clauses mentioned 1n the first column of the followmng
table or of any regulation made thereunder or
{8) fils to comply with any requsttion lawfully made upon um
uader any of the said sections sub-sections or elauses
shall be pumshed for each such offence wath fine which may
extend to the amount mentioned 1n that behalf mn the third colymn
of the sud table

Section sub Fine which
sechon or Subject may be
clause amposed
Sechon 274 Requaition to provide storage
other fittngs to be used for con
nections with water works 50
Section 377 Requisition to cleanse etc neg
lected premuses 50
Section 381 Requisition to £l 1 pools etc
which are a nuisance 50
Section. 381 A Digging or constructing well etc
Subsection (1) without permussion 500
Secton 387 A Requisttion to fill m or demolish
stbsection () well ete 500

Section g72 —Continuing offences —Whoever  after baving
m(c;nmed o f the sect b-

9) contraveming any provision of any of the sections sul
ﬁ}mns or clauses xgnenh%nxe’d 10 the first column of the following

‘© or of any regulation made thercunder or

(8) failing "to gc‘t;mply with any requsition lawfully made
P01 um under any of the suid sections  sub-sections or clauses
ontinges to contravene the said proviston or to peglect to comply
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(3} I withun the penod prescribed 1 an order made under
sub-section {3} the prowvision 35 ot camed out or enforced the
Governor 1 Council mav appoint some person to cany oot or
enforce the same and may direct that the expense of carrymg
out or enforcing such provision together with such reasonable
remuneration to the person cartying out or enforang the same
as the Governor m Counctl shall determue and the cost of the
meedmgs under this section shall be paid qut of the mumcpal
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Halophsla ovats 21 33 Malana (contd)
Haplockilus 51 bistory 111 13 29 75 8383
Health Survey and Development immumty 33 34
Commuttee Report 84 o3 124 man made 35 36
Hexaethyl tetraphosphate 64 mosquits 17 25
History 112 13 20 75 8385 occupation 35
Holes 1n rocks trees sands 41 organisation Provincial 1o
House copstructton 65 66 67 parasite 1z 15
Hydmants 42 plant hfe 32 33
Hydnlia vertisllata 32 33 race 34 .
Hygrorhisa anstata 32 sex 35
survey 6973
lmmunity 33 34 treatment 75-82
Incidence malana 710 30 31 War 7.9
Income per capita 85 Man made malana 35 36
Incubation period 14 Medical protection go 9t
Infant mottality 10 86 Mepacrne (atebnn) 78 85
Intermuttent drying 42 Meteorological factors 31 32
Ipomeza 32 MISH 6z
Irngation 41 42 Morbidity 7 10 86
Isopentaquune 79 Mortality 710 86 ,
Mosgquito 17 25
Jungle clearance 43 ammal darrfer 45
Jussiza repens 32 carmmers of little or no mmport
- ance 2325
L hi 32 17
Lantana 50 important carrers 18 21
Larvae measures agatast 3g-60 in neighbounng countries 7§
Larvivorous fish 57 53 lfe cycle 17 18
Lebistes reticulatys 51 Iocal camers 2223
Legslaton o1 11z 124 measures agamst 45 6168
Lemna 32 pets 67 638
Lido 41 ongn of the word 3
Love call mosquito trap 65 protection agamnst 6568

repellents 67 68

Lyngbya 2t 33
Mycrocystis arugenosa 13

Macedoma 7 8 Mynophyllum tubsrewlalum 32
Macropodus 51
Malana Najas 20 32 33
age 34 35 69 Naturalistic control 46-53
Burean Bulletms 125 Nets 67 68
Chmate 3r 32
congenttal 35 Occupaton 35
control measure 39-74 Octachlor 64
cost 9 Oiling 53 55 .
distnbution 28 3¢ Ordinance $12 174
epidemics 36 37 38 Orgamsation 83 ¢0 o8 103 110

forecast 36 1z
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