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PREFACE

Tue purpose of this monograph 15 to present the prncples of
m:lmP:logy 1 practical and readable form 1 a few score pages—
perhaps an impossible task. There 15 not space for references and
much materal which the author would like to include  Readers
who require more details may find them n the following publica-
nons

Bates—The Natuiral History of Mosquitoes Macmullan 1949

Boyd—Malarfolegy 3 vols. By 65 authors. W B Saunders

Co 1949
Herms and Gray—Mosginto Control  The Commonwealth

Fund, 1944.

Macgraith—Pathological Processes i Malaria and Blackwater
Ferer Charles C Thomas 1948

Russell, West, Manw elb—Practical Malanology W B Saunders
Co 1946

For mdcxed and dasafied abstracts of papers and reports on
nulana from all over the world, the Tropical Diseases Bulletin has
been unsurpassed for some forty years It 15 publshed by the
Bureau of Hygiene and Tropical Diseases n London  Another
useful periodical 1s the Retiew of Applied Entomology Semes B
published by the Commonwealth {nmmtx of Entomology m
London Attention 18 aho cilled to the flow of excellent malana
papens n the Transactions of the Royal Soaety of Tropical Medicine and
Hygiene the journals of the National Malana Society and the
Amencan Socety of Tropical Medieme also m the Indian Jotirmal
of Malanology Documenta Neerlandica et Indonesica de Morbis Tropicis
Rivigta di Paragntologia the Ritista di Malariologia  Mosguito News
Bullein of Entomological Research Annals of Tropical Medicine and
Parasitology and the Journal of Economic Entomology The section on
msecnades found m the monthly trade periodical called Soap 15
frequently mseful. For more than thrty years the annual Procmfng:
of the Neu Jersey Mosquito Exterminauon Association has published
helpful matenal on the control of mosquitoss. Numerous offical
agencies, such as the Commumicable Discase Centre of the U S
Public Health Service Atlanta, Georga  the Medical Research

in
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Counal (UK.) the Pan-Amencun Samtary Bureau, W
and the World Health Orgamization Geneva, 1ssue malara bulletms
from ume to time.

Malana 15 an uncommon discase now m the United hmgdom
United States and Ialy Undoubtedly ths enemy of human
welfare 13 retreaung dremancally o 1n some sectors. Yet 1t con
nmg t:;lprc;aﬂn:ihmmy countries and to cause hundreds of millions
to an ons to die each An anacmua-prody,
malady 1t blights entire regions mty_hurscnous menta| apath C:;ﬁ
phrunl detenoration affecting masses of people, so chat ambiaon
and workng effiqency are blunted. Thus mdustnal and agncultural
development 1s ed and the prodaction of food and machmes
15 limuted. Malana undoubtedly 15 a direct factor m food shortages
m some areas.

Then too malana 1san to those who lrve m non-malan
ous areas  Imports from ous countrics carry a malaria tax,
probably of not less than 5 per cent, due to the fact that malaoa
among rzbou:cn always mereases the cost of what these workers
are trgmg to manufacture or produce. This assessment may total
over 3175 000 000 yearly for the United States alone. Moreover
malarta, wherever 1t 1s hughly endemuc, lowers economic levels so
that such arcas cannot wmport as much as otherwise from non-
malanous areas.

All m all, malara sel! ranks hgh 1 the lut of man s afflicttons, It
15 dangerous to assume, as too many do that DDT has solved the
problem, makmg 1t unnecessary for scientists to pay more attention
to 1t, or for sanstary engmeers to have further concern about adjusting
the environment to prevent anopheline mosquito breeding or for
admmustrators to budget funds for malara studies. Let us give
thanks for modern msectiades and therapeutic drugs but ar the
same tme understand that they ace not panaceas. House flies and
certam Aedes mosquitocs arc ming increasingly resstane to
cconomic powsons  Perhaps Anopheles will follow sut. There 15

eat need for contmucd entomological and chemical research n

boratory and field to develop cheaper safer and more cficenve
mosquito msectiades and malasia remedies.

Malara remans a enppling reality to vast numbers of people 1n
the warmer lands. N ess, 1t 15 to-day withm the power of
govemnments of affected countries to attam a degree o malaria
control, even of malana eradication economically impossible a few
years ago  Morcover basic inderstanding an ques have
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50 far and the possibibiies of laboratory handlmg are so
}:tmdm malama that r:cl 15 a useful tool ‘:1yth w]'uchgto pry
mto the scerets of all msect bome

So 1f the following pages provide onentation as to the present
status of malanology they may have wefulnes.

PauL F Russtir
Rome Iualy
Jemary 1932
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MALARIA

INTRODUCTION

Definition M;hnauanacut(:’md(c:ﬁzlchmwsichdc;uscd
parasites of the genus Plagmodimm Sporozoa) an rac-
bt;md by n:ntcmum:g:tn febnle paroxysms sccondary anaemua, and
splenuc enlargement. Four of Plasntodiur are known to mfect
man paturally and they t 1n four kmds of malanal fevers called,
wely vivax malaa, falaparum malana quartan (or malanac)
and ovale malana. Mixed nfections arc not uncommon
Obsolete and sometimes confusing synonyms are as follows

Vivax nulama bemgn, smple, or tertun malana.
Faloparum malana estivo-autumnal, mahgnant tertian  per-
maous, quotidan subtertian or tropcal
Quartan (or malamac) malarz quartan agoe.
Owale ovale tertian malana.
Malana plasmodia require two hosts to complete their bfe cycle.

The defimtive host of those mfecting humans 1 always a mosquito
of the Anopheles genus and the ntermediate host 18 man,

History
Prehistonc man was probably subject to malana, Posul mos-
witocs have been found and fi cvidence of tim exsts,

tng back to the Paleormc penod.  Although fimdmgs do
not mclude anophelme mosqmtoes or plasmodta, there seems no
reason to doubt that malana’exsted 1n the warmer regions of the
earth, at least m Ama and Afncs, long before hustory was recorded.
‘Whether thus 18 50 or not, there are undoubted references to charac-
tersuaally perniodic intermattent fevers in early Chaldean Clunese,
and Indun medical texts mdicating that malana antedated the
Chrystan era.

In ancient days man apparently had not the funtest mkling of
the :cuology ofy,mzhm. nor had he found any effectve m:mfcnt_
The dramatc febrile paroxysms which came with 30 ittle premon-
ton were duc to the caprce or sly dengn of angry gods, or were



2 MALARIA

punishment sent by stern dienes for or were the work
of malevolent mu—mprcdlmb;:riﬁgpcmadomgnual bengs to be
decaived by cc placated by meantation or propiated by
sacrifice.

Malana appears to have become endemic m Greeee by 400 3 c.
and may have been a factor 1n the declme of phymcal vigour
mf power and moral fibre 5o clearly evident a century later
Greek phynicians differentiated quotrdian, tertian, and quartan fevers,
and even non-medical writers like Plato used these terms. In Rome,
references to such fevers date from about 200 B ¢. and came from
the pens of wnters like Plautus and Terence, Cicero Celsus, and
Plmy the Elder Cicero attributed the regular pertodtaty to the wall
of the gods But many physictans by that nme, mn the East as well
as m Greeee and Rome, ﬁzd come to believe 1n natural causation of
disease a tremendous forward step m the progress of medical saence.
To be sure, natural causes mcluded assorted febnfic air, limar ra
and terrestnal perturbations, but there was obvious scarchmg for
truth. Both Greeks and Romans suggested an etiologic relanonshrp
between marshes and the meermuttents.
Both began to discuss scason and terram
1n reference to these fevers, and both
attempted preventive dramage.

M;Em may not have occurred m
the Amencas poor to  Columbus.
Histonans do not agree, but some
believe that 1t first appeared at [rabella
on the north shore of Hispanioh m
1493 as an epidennc fever among the
colonsts. Human carriers and anophe-
line vectors spread the discasc through-
ou;mpglAmcnmmdcvmnﬁr
north as Canada, Austraha may abso
have been free from malina wnul
Euro carned 1t there. At any rate,

seventeenth century the mter-
muttent fevers, or Roman airs
were notorous world over

There were no advancesin actiology
epdemiology or prevention of
for some sixteen centunes. But about 1640 came the of
modern malama therapy when anchona bark was m




INTRODUCTION 3

Peru to Enrope and crude powdered hark became the sovcreign
remedy for paroxysmal fever  After two French pharmacists
Pelleter and Caventou wsolated qummne and other  alkalowds
from the bark m 18.0 the standard drug for malana was quinine
which was commeraually available m the Untted States as carly
2518 3 and was not displaced a5 the remedy of chosce for over
100 yeart, The wse of bark enabled Morton and Sydenham
England m 1666 and speciatly Tort i Ttaly 1 1712 to differentiate
those fevers allevaated by anchona powders from those unaffected
ﬂ'rmhns}:;rpmmg the focus on the intermuttent fevers now called
ma

D\mg:‘c cighteenth contury malana got its name  Trahans had
formed the hatnt of saving that patients who died of an mternuttent
fever had been vicums of bad air or mal'ama  Horace Walpole n
1740 referred to the discase 25 2 horrd thng called mal’ e that
comes to Rome every summer and kills one  Thus arose the
exprossion. malamal fevers and finally the modern word malana
wiich now mieans not an actiologic agent but a group of ducascs.

The nmeteenth century was one o%chmc discovertes m bactert-
ology and pathology Rambert 1n 1869 showed expennmentally
that anthrax could be disemnated by fhies. Snow and Budd by their
studies of the epdenuology of c.ho{cn and typhoid fever Pasteur
and Koch by therr brlliant laboratory findings, paved the way for
Laveran the French Army surpeon who 1w 1880 1 Constantme
Algena, was finst 1o se¢ and to desenbe malana plasmoda as para
Sy m man ¢ red blood eells.

Duning this same period occurred (1) the mspired theonzmg of
Patrick Manson 1n 1877-84, on the basis of hns ongmal observation
of 2 mosquito actmg as an mtermeduate host to a filaal parante of
man (2} the proof by Theobald Smith and Kilborne m 1889-93
that a speaafic pathogen Babesta bigemina could be transmutted from
one animal to another by invertebrate nck hosts (Booplnlus anmla-
) (3) M.B Waes discovery in 1891 that bees and wasps are
vectors of fire blighe, 2 bactenal disease of pears and other fruis
{4) the demonstration by David Brucc m 1896 thata discase nagana
caused by a protozoan parante could be fransmarted from anmal to
ammal by 2 true msect (wetse fly) and finally (5) Willam George

um s studies of exflagellation n 1397-98 which mdicated
‘h‘: there was a sexual phase 1n the development of malana pasasites.
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ents preceded the discovery by Ronald Ross in 1897-98 that
f man and birds 15 a mosquito-borne discase. The Itahians,
ignami, G Bastuanell, and Battista Grasst quuckly proved
hat human malana 15 transmitted by one genus of mosquuto
topheles

notable peaks 1n the subsequent history of malana during
half of the twenticth century are outlined m Table 1
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Classification The malara paranites of man, mo; d
other vertebrates are all protozoa of the class Spomizym%ri‘flt;c
genus Plasmodunn described by Marchuafava and Cell m 1885
There are four recogmzed specses 1 man 25 follows

Plassodism malanae (Laveran) 1881
Plasmodim vivax (Grasst and Feletn) 1890
Plasmoduin falciparum Welch 1897
Plasmoduim ovale Stephens, 1922

Lafe history So far as 15 known, all plasmodia of man and
ammals spend a part of thar hfe in vertebrate and part i mosquito
hosts  Some observers have sugpested that coramn plasmodia of
hizards and bats may have arthropod hosts other than mosquitocs,
bug thus 15 sull doubtful.

parasites have four phases of development (1) the sexual
phase starung with the growth of gametocytes m the vertebrate host
and contintung with sporogony m the tisuc of the mosquito (3) the
pre-erythrocytic devc/opmer?g‘;m sporozottes (3) asexnal schizogony
the red blood cells (4) exoerythirocytic schizogony The second and
fourth stages 11 mammatun mafana are sull m the shadows.

Development in Mosquito

Sexual phase The sexual stages of development of plasmodiz
start with the formation of male and female gametocytes 1n the verte-
brate host, as described below  When these are m.gcm:d by the
mosquito  develapment contmues within the msect's body as 2
process of sporagony leading to the production of sporazoites which
m tumn smfect the vertebrate host.

‘When mature gametocytes are taken mto the gut of a susceptible
mosquica there 18 garmetogenens m the lumen of the wnsect s stomach.
In thus process the fmmlc gametocytes become rounded mecrogaietes
and each male gamet by exflagellation forms exght to ten thread
Iike microgametes wh?gm;cpam:, cach attemptng to fuse with 2
macrogamete 1 a procass of ferulizaton. A f"mﬁnz:dn cell, withun
12 hours after the mfective blood meal, at 26° C {78 8°F ) becomes
an clongated mobile zygote better called osldnete or vermiade. Ths

6



PLASMODIA 7

rugrates through the stomach wall of the mscct, comung to rest
between the epithelial Iming and the clastic outer membranc of the
stomach where 1t develops mto an cecysr The youngest recogniz-
able cocysts appeaning m about 4 days micasure a micron or two 1n
duameter but those fully grown may be §0 to 60 microns,

Within the 0dcyat hundreds of chromatin-beating spindle-shaped
flecks of cytoplasm develop and when these fimform sporozoitis are
mature, the cocyst bunts. The sporozoites, cach some 8 to 12
microns long travel 1n the haemolymph of the insect s body caney
to the salivary glands mto which they penetrate They remam m
salivary cclls and free m the sabivary ducts. Thus whenever the
mosquuto mjects salina mto a victim sporozottes also arc njected

Ascxunl Development in Vertebrate Host
Exoerythrocytic schizogony Formerly 1t was presumed that
after cntening the blood stream of a non-tmmunc the sporozoite
would penetrate a red blood ccll to mtate the erythrocytic cyele
described below It 1 now known that, m at least five species of
avaan and onc ot saunan plasmodia, there are intervenung exoerythro~
orfic sages dunng W] the paranite 1 It m cells other than
erythrocytes and reticulocytes. The nature of the exoerythrocytne
forms and development of mammalian plasmodia remams some-
what doubtful. Such stages would cvpﬂm the crypuc phase m
sporozonte-induced vivax and falaparum mfections—a phase durmg
ythrocync development may be pr n some
sinnaton other than the blood stram.  Sporozoites arculate m the
bloed for about half an hour afier moculanon and then they dis-
:\1?;‘]:: After this the blood 13 not mfecnous unn! towards the end
(o)

mcubaton penod.
In vivax and fala mfections, no stagres of the parasite have
cver been dctcctcdemlTng the fit 3 days. It 1 not known

whether the spotozattes directly enter liver parenchiyma cells, where
some observers beheve they h‘ivc found rc-cryﬂu‘f?“-cyuc schizonts
from the fourth day or whether they c[::ccﬂy enter both paren

chymatous and Kupffer cells or whether they undergo their carhest
changes i reticulo-endothelial cells the resultmg & entering,
hiver parenchyma cells Other kinds of sporozortes such as those of
the avaan P gallinacenm enter cells of the 1 phox&mmop:gc
system of the skin or as has been suggested ft{:'nP elongatunm preter
cells of the erythroblastic senes. There are species datferences and
sall other types of fixed nssue cells may be involved (The term
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protozoste has been apphed by Prench authors to forms sud to
from the pnmary division of sporozoites )
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There are speaes
planodi ba e pot been concluntrely demonstrated,

On the bans of observations 1 avian malana, 1t appear
within the first vertcbrate host cell there mkes place ayy
schizogony with the production of eryptozoltes or eryptozoic mero:
or eryptozosc schizonts ansing directly from sporozoites. Cr
zoites on hiberation, may enter other t1ssue or non-erythre
cells mitaung further schizogony The progeny of the secons
of succeeding generations of pre-erythrocytic schizogony are
metacryptozostes  Some of the metacryprozaites specally

or four generations, appear to penetrate
mituate eryth;ocyric xhlzog?ny below P;xﬂothzms
appearance of erythrocytc forms 1cmllﬁ-u:ltoappy c3
n}:m pre-erythrocync” o newly-formed paraates.  The |
phanerozaite and phanerozoic stages are used to name all exoery

¢ forms of the paranite appearing concomutandy wath or
Emtmuyth:ocyﬁcpamiz:. These torms are alo use
cxoerythrocytic stages seen 1 blood-mduced mfections m
the spororotes do not take part.

Certam exoerythrocyuc schizonts have many nucler but 3
cytoplasim, and have been called migoschizonts They prodace
numbers of micromerozoites which resenble merotoutes, Then
also produced macromerozoites 1n smaller numbers and of larger
1t has been suggested that the former enter red cells and the k
tussuc cells,

F6 2. Probable Chutin of Bventr | Lafe of Plaowadaes
diffe M, the cxxct b ngs 1 the cve of mu






{ 2 3 4
:OI g t \ﬁx ~ ,p'
UL IE
5 6 7 8
(5 g"’?‘ -
) ' H } 2, ” ’h\n
oA 0
9 10 I 12
» é,\', x ;
k" : SR
W e @
13 14 15 16
ity B
K fk?’ @
17 /8 19 20
-’ é y }/" r//}:‘
23 :’24

i, 3. Plegsodm rivar Thin film eppearencr, pirie ]
Gmwﬂ‘:m, tropbarokee, 2,

facwg 4. 9
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Thus 1t appears that there 1s a Iinc of development from sporozoite
to cryptozotte to metacTyptozoite o erythrocyne stages and the
terms themsclves probably designate rather Joosc categonies merging
from onc mto the next. Morcover 1n some speaics not only do
cryptozontes, mietacryptozottes, and phancrozoites penetrate fixed
s or other cclls to mitiate new exoerythrocytic schizogony but
pethaps some merozontes from the erythrocvtes also go mto fixed
trsue cells, mstead of only entermg; other erythrocytes as formerly
su Ths pomt 15 not clear but possibly exoerythrocytic

y may be minated not only by sporozotte, cryptozoite
metacryptozonte or phancrozonte, but also by a merozorte developed
in an crythrocyte  This may concavably be the case with P orrax
but perhaps not with P falapanim for 1t may be that complete
cradication of erythrocytic mfections in falaparum malana ends the
diseasc and relapses do not thercafter occur

Erythrocytic schizogony When finst seen m (or upon) the
envihrocytes, the malana plasmodium appears as 2 minute spech of
chromatm surrounded by scanty cytoplasm. It gradually becomes
nng-shaped and 15 called a nng or a tropho~oure  Most observcrs
beheve that the erythrocytc plasmodium s mtracellular but some
consider that 1t may be attached to the outside of the red cell at least
part of the ume  As trophozoites develop some speaics, such as P
tirax are quite amebod but all tend to become more evenl
rounded and sobd. When the chromatm 1 about to divide (_h"c
trophozoite becomes 2 schizont In strict protozoological termino-
logy all asexual forms with muluple divmon of nucle are swhr ones

and the carher undivided asexual parautes are tropho owes  Af
divrsion begins schuzonts are called pressgnienters until the c|1.mm1m
has fully divaded and the merozoites have taken shape. When, L‘"
hummmd.dmpanmcumlled:mmmg-hmmm this
segmenter The term cytomere 13 sometimes wed to dtsmbcr:;, or
|ntermediate masses or bodies of a schuzont which acryy]] 03¢
the merozottes. Schizogony 13 fulfilled when the mey Y produce
completely separated and the host erythrocyte hay g:"-" have
scattering the merozones. Most of these onter new red ted,
some may penetrate fixed nssue cells, a3 noted aboye, but

Ths process of ascvual mulnphcation may contmue fo 4.

or cven years  Often there 13 n this asexwal eyde , 73, weeks

penodicaty that becomes manifest lﬁmdl&l?l qw"mm

wartan These occur W or

q paroxysms. blood plagzy, o o, ot
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with merozotes, malana ent, and
of sporulation or .n-hlzogon}glgm i red el debns at the eme
Some of the merozoites which enter red blood cells do not under
go schizogony but develop withm the erythrocytes mto sexual
gametocytes The males are called microgametocytes the females are
magrogametocytes and are more numerous than the former Gameto-
lc;ytm r];nch n;{mmty but do x;’ot achieve therr destiny 1n the verte-
rate host. If not ingested by the mseet, these gametocytes
phagocytosed and destroyed withm a few days. w
Physiol of plesmodia The malara plasmodia are obliga
tory meracellular parasites about which actually very hittle 15 known,
apart from morphology and hfe cycle. Recently m a few Labora-
tories atxcmﬁ-:nhavc been made to obtam a better understandmg of
the metabolism of the parasite, specually with reference to a more
rational approach to culture in vitro and to chemotherapy Respira-
ton various cellular oxidanve proceases, enzymes, arufco—cnzymcs
are under mvestigation. Such studies indicate, for example, that
malana paraates utilize oxygen by means of 2 heavy respin
tory enzyme, posubly the wron porphyrm cytochrome oxadase It
13 not known whether or not malara plasmodia can long survive

complete anacrobionis. Other observations s that 1t 15 the
need for globm which causes plasmodia to spht lobin mto
haeme :.mf lobm. The haeme becomes haemozom which s malana

pigment. The exoerythrocytic stages m non-hacmoglobin contam-~
mg cells produce no pigment. The protem of the red cells 15 broken

down by hydrolyus or phosphorylyss and about half of the ammo

acids are by the plasmodiz for the z:thcm of thear own
protermns, while the remainder diffuse out of the erythrocyte.
Diagnosis

Tables O-IV hst thm and thick stamed film charactenstics and
some comparative developmental pertods of the four species which
parantize man.

Proparation of blood smears For malaria blood smears, usc
new 3 x 1 glass shdes which have been thoroughly dried and
polished :.ﬁcﬁuvmg been put through an alkalme wash and alcohol
mnse. Some of the new detergents such as trton, may clean better
than an allalme wash but thorough rmsmg 15 necessary before the
final alooholmmse. If old shdes are used, they require a bichromate
wash and alcohol mnse and they should be free from defects or
scratches, Blood for smears may be obtancd by pncking car lobe,
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finger or toc In most cases the car lobe scems best but among
people who use quantines of hair o1l the ball or E;:haps the back
of a convenient finger 15 preferable, and when wotkmg with mfants
the big toc 15 best. In any case, the site 1s thoroughly eleancd with
alcohol-soaked cotton and when dry 18 punctured with a suntable
Lanert, Hagedorn needle, or h:lf]ﬁ:mpomt.

Thin and thick smears may well be tken on the rame shde. To
make the thm smear touch the surface of the shde to a small fresh
drop of blood, at a pomnt one third dustant from onc end  With
this shde evenly supported as on a table, touch the drop wath the
lower end of another clean shde By capillanty the drop wall spread
along the cdge of the second shide  The latter 18 held at an angle of
30 to 45 and geatly but rapidly pushed along the finst shde to
spread the blood mto an cven thm smear  After cleaning the
puncture site a large drop of fresh blood 15 allowed to touch the
middle of the unused thurd of the shde carrving the thin smear
The blood adhenng to the glass 15 then bnefly puddled wath a corner
of the spreader to form a thick smear about 1 cm. 1n dameter and
50 p or less thick. It 13 not necessary to difibrnate the thick drop
Bref data should be wntten wath a hard-lead pencil on the thm
smear 1sclf. The smears must be protected from such hazards as
dust, ants, cockroaches and fles. In very humud environments a
fan or hair-dryer may be used to prevent mjury to films by absorp-
ton of mowsture duning slow drymg  Plastic shide boxes may delay
drymg to the detnment of the smears. Essentuls to be emphaszed
are dean shides, clean shin where pricked, protection of smear from
dust, moisture and msects and y a good stamn.

Giemsas Stin 1 Fix thimn but mot thuck smear m absolute
methyl aleohol for 30 scconds. The thck film must not come mto
contact with the alcohol

2. Transfer sihide to stanmg soluton winch should be freshiy
prepared by moamg enough stock solution wath buffered water
EE‘: 72} to make a dilunon of one to fifty Stan both thick and

smears sunulancowly for 45 munutes.

3 Wash with tap water and stand upright to dry

To prepare Giemsa s stock solution take 10 g powdered stain
(Gemsa stam Azure B type for malana and blood work as
certified by the Biological Sam Commusnon) 66%0 ¢ ¢ glycenn
(CP) and 66-0 c.c. methy! alcohol (absolute acetone-free) Grnd
pow stam and plycenn together When well mixed” dissolve
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TABLE 1V

COMPARATIVE DEVELOPMINTAL PrRIODS OF PLASMODIA IN MAN

Peried P v P maladse P [ paem P oarile
Length of revual phae 49 houns (or 72 hours 43 hours 48 hours
2 Littde Lew)
Prepeecot period tn man 8 diys 17 days 5 days 8 daps
(rumrmal) A 1M7 Ave 2237 Ao B2
Usoal incubation periad 31 days 3-37 day 7 7 dapy 11 16 dpn
orman A1 A X Ave 1 Ave 14
Gumetnytes  sppear 15 days 7 14day 712y 12 4 dap
tollow my; parasite pazoncy Appearance Appearance
y mrregnlar and rregular and
mictdow  fow dap mumbers fow moubers few
sier ppewrance)
Dadopmenta] period it 16417day a0 0B dapiet 2 Ddayame 16 dayy ¢
oMo APC. @ E) X C xrc 2
10 days 2t
% CPEY

stam m glycenm m a waterbath at 5560 C When cool add methy]
alcohol allow to stand for 2 or 3 weeks then filter for use

Prepared stock solutions can be purchased.

Jaswant Singh and L. M Bhattacharji or ] 8.B Stam (1) Fix
thin but not thick film 1 absolute methyl aleohol for 30 seconds.
(2) Dry by wavmng shide m air (3) Immerse thick and thm shdes 1n
JSB solunon I for 30 seconds. (4) Wash m aadulated tap water
(pH6-2-66) () Stam mJS.B solution I for 1 second. (6) Repeat
nep § 4 for 4 seconds. (7) Repeatstep § 3 (8) Repeat step § 4 for
10 seconds or untl thm smear has a pink background. (9) Stand
upnght to dry

If tuck smeans alone are beng stamed the process may be
thortened as follows (1) Immenc 1n] S.B solution I for 10 seconds.
(2) Wash 1 acdulated water (pH 6-2~6'6) 2 seconds. (3) Stanm
{-S)-BRxolunon Hsfor 1sccond  (4) t step § 3 for 5 scconds.

s) Repeat 1 (6) Repeat 2 unnl smear shows
bi&grolmd.“?;) SundG)upncg}? ton;fy pk
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retculam  common 1 anaemic blood and trespon
HowellJolly bodies of thm ﬁ]:cus somc::‘mamwhm :1 gnnd:

& & g

Fre. 7 Dugram of manner of makng thin and thick bood sy,

relation to blue-staning matenal, they look like young traphozotees
(3) tmmature red-cell reticilum smm?('i decply ;o mphmcmblt
vivax trophozotes surroumded by thick cquvalent of Schinff
ner s dos (4) advennitions structres (not formd m clean, well-stamed
smears) wnclude dust, moulds, veasts, vegetable spores, bactena, and
stamn granules,

Dragnostic critenz are given m Tables I and I A few of these
may be emphasized. For mstance, erythr mfected with 1jvax
or ovale are enlarged and pale by the hme tes have grown
beyond the early rmg m%;aOvak host may shaw ovod
distorion. with partly fimbrated edge. Differentiation of very
young mdividual rmgs of vivax evale and malanae 15 rarely certam
In properly stamed erythrocytes contamng vivax ot evale Schitfi-
ner's dots are usally present, carhier and coanser m the case of ovale
than mvax  The Maurers and Zaemann s dows of falaperum and
tnalariae arc much less consistently seen.

Note that m properly stamed thick films the eatly trophoroites
af each of the four species always shaw 2 bead of dull red chromarm
attached or close to 2 fleck of pale blue-purple cytoplasm. Without
these two characters the object seen 13 not 2 young malana parasite.
These young trophozoutes wsnally apfcn as nngs, broken nngs,
gulls wmgs, swallows, commas an cxclamanion pomnts. Such
patterns are more conastent and permstent m Sfalaparum  The
arliest faldparim forms, dmucally most smportant, are 5o minute
th:tdtcyarccznlymwdlfthcxmwudmyorﬁoﬁymmtd-

Speaes differeotianon may not be posstble m the cachest mages.
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ﬂ'm?md:ﬁbrmawdormnttd blood, P vivax ha
visble for many months. There are also methods such
Bass and Johns, Hawkmg and Ball and Getman for at
culture odia _there are specral techmiques for egg
plasm: for malara tssuc smears and for the pre
secuons of hver spleen, and of marrow punctures or
exceponal cases, sternal puncture may be a useful su
duagnastic method. g mennon may {
numerous diagnostic tests such as melano-Aocenknon
melanm-serum (Trensz) protan-tyrosn (Proske an
preapitin and complement-fixation  Detatls of all o
others will be formd m standard textbooks and aff
abstracted m the Tropical Diseases Bulletin None has §
much practical wsefulness, Wasserman and Kahn te
falsely positive 1 malarna,

Plasmodsa of Ammals

There are several well-known plasmodn 1z monkey
molgl P i P lyowlest and P kochi for examp
chimy m Central Afnca appear to be naturally 1n
the 1denvcal P malariae found m man. In birds at le
have been studied, mdudmg P gallmacewnt, P
P relicun P lophuroe P elongatum P hexamenum
Several plasmodiz have been reported from bats, sq
rodents One of the most recent and one which may p
m laboratory studies 13 P bergher from a Congo tree |
mfect laboratory rats and muce, but thas far 2 surabl
vector has not been found. There are also plasmodia m

1n amphtbians but these have not had much study



PATHOLOGY CLINICAL COURSE
AND THERAPY

Pathology

Pathogeness Regardless of species of plasmodium mvolved in
human malana three basic factors determme the pathology of the
duease (1) degree of multupheation of Far:mu: and hence the
amount of pigment produced () d of erythrocyte dostruction
by the parasites and perhapsby n Iyticprocesses and(3) degree
oz phagocytosis established by the hosts defensive forces. The
latter hie for the most part i the renculo-endothehal system, cluefly
of the spleen liver and bone marrow where there 1 rcanvely slow
moiement of blood and an mtimate contact between parasite and
renculo-cndothehal cell.

The destruction of red blood cells and the blood dilution men-
noned below lead to anacmn and so to a generalized anoxacmua,
made morc severe by the fact that the parasite 162lf utilizes oxygen
from the oxyhaemoglobm of the ccll and 13 also contually splittng
haemoglobm mto haeme and globm. Moreover mscverecases
may be mterference with pulmonary function soll further reducmg
the su‘gply of oxygen to the body The anoxacmua and probably
some factor inherent m the malana host parasite stru.gﬁlc‘ Xo myury
to vascular endothelium, m the bram and elsewhere, and thus damage
m wm may result m abnormal permeability The capillanes and
preapllanes are distended and sometimes occluded by parantired
cells sertously retarding the blood flow  There may be margmation
of‘jm-m cells m larper blood vessels due to surface agglutiuns
and to mechanical factors. Thus leads to the formation of sludge
and the blood flow may be so durupted as to mduce shock. The
changed blood flow anoxaermua, and endothelial dunage may lead
to general tissue anoxa, complicated by vanous immime reactions,
by auto-antgens and possibly even by histo-toxac agents At first
the ussue changes are reverstble—remarkably so But m cases of
contimued seventy sooner or later degeneration and necrous occur
with permanent ge and even death

There may be a arculanng diffusible toxm posnbly a poly pepide
fracuon hiberated at the tme of shizogony when the red cell
dimtegrates.  Some such agent mught concewably affect the

2
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hypothalmuc centres and minate the chara malanal paroxysm
But no malana towun has cver bcccn ldm;tﬁcrol-r‘i.m e
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Ash & Spatz, 1946)

Spleen The spleen 1s always affected m malama. The finst
changes are those of acute ton but gradually there 13 an
increase m pigment 3o that the spleen becomes dacker  Macrophage
elements multply causing the organ to develop mto the ague-cake
or enlarged, palﬁblc spleen 5o typical of malana. Normally the
spleen 1n hife probably weighs about 3 8 gm. pcrkﬂogr;\mofiody
weight or tay about 376 gm. (11 8 oz) m a man weaghmg 160
Ib (727 kg) In malana, spleen weight may merease to 700 or
800 gm. (30-0-343 oz.) m an acute attack, and to as much
$ 000 gm. (13 r 0z} m chromic cases.

Microscopically the splecn at finst reveals only hyperaerma. But
as the disease continues, pr t and parautes 1n all stages of
development become abundant i the pulp not only within
paraniized red cells, but lying frec as well also crammed into large
numbers of giant phagocytic clls. Other usual fndings are duffuse
cellular hyperplasia, anuscs, and occasional thromboses of
capillaries and local foar of touc necross m the :iclmxc pup In
chronic malana, connective ussuc of the spleen may be connderably

creased.
mvaer The liver 15 also swollen and darkened in malam. The
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Kupfler cells arc enlai and more numerows, and are usually
plg];mtcd. (l'lpl]an;gca may be ditended with macrophages
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Fic 9 Lierin falapanm malim, showmg deme sccumulatbom emall lymphocyt
fﬂ!ﬂlk(mlm Note abo the trophy of the 1 vet cefls and drru) of the cell
Mﬂrﬁﬂdk—laydh«nﬂh&&ndwm Chala C

Ash & Spaz, 1946.)

paranuzred red cells, and hacmozom. The liver changes resemble
those seen m the spleen but arc less marked smee a good deal of the
gment and parasite debrs 1s removed by the spleen The hepanc
{:nom scem to be duc to anoma caused b-g interference with the
retumn of venous blood from the liver  There 18 probably active
obstrucnon to efferent venous flow caused bv changes m the blood
vessels. This may be due to possble sphincter mechanism m the
hepatic vems. ‘There 13, 1 effect, 2 t anoxia Added factors
may be by-products of metabolsm of parasites, and possibly auto-
anngenens of parenchyma cells.
Bone marrow  Bone marrow changes are of the same character
i‘\:umdmxkzd as those scen m the spleen The mmom\;lshcwx a
blastic h lasia with m baso-
phihe, normommcdb i b Y
Bram Bram lesions occur m malana although sometimes the
symptoms and signs of central nervous system involvement clear
up so rapudly and completely that onc must assume temporary
toxaemn or anoxia without tssue changes. Three of lesions
however may be found post mortem (1) ocelusion ro?dc:c capillaries
and precapillanes of the corncal grey matter nng haemorrhages
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around the plugged vessels and perhaps alsa petechial
ps also small haemor-
thages 1 the subcortical and paravenmcular white matter g)

Fro. 10 Mmﬁckmmdhmhmm&ﬁ;wmm&m
utic ds of thag m M. ith, Puth { Processes in Maliria amd
Bladewater Fever Charks C Thoma, Poblsher after Adh & Speer, 1946)

degenerative changes m bram cells with focal areas of degeneration
of bramn tissue (3) occasional small malana ulomss i whicha
central occh capillary wall be surmungzin by necrouc tissue
around which, m rosette fashion, will be seen layers of glal cells
and, m the outnde nng many

Other organs Thmchmy be mtense localiraton of mzllam[
parasites m an of the gastro-mtestmal tract, kadmg to loca
oedema, ha:mzrfﬁangc and even saperficul ulceration. Occasion-
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ally there 15 damage to myocardual fibres, and sometimes 1 the
adrenal glands there 1s focal cortical necrosis.

The placenta sometimes shows very great concentration of
parasites and undoubtedly transplacental mfecuon may oceur
although 1t 15 surprisingly rarc. Whether mfection of the foctus 1s
duc to some abnormality m the placenta, which scems probable, or
to acti ¢ pastage of sporozoites, which scems doubtful 15 not known
The frequency of congenital malana has been put as high as 2 per
cent m some arcas, but more likely the average 18 much less than
this.

Sometimes there 13 2 malama glomerulonephns specally m

uartan afecnons. The kidney may be swollen and the tubules may

ow lipoid vacuohzation and hyalm droplet changes. In black-
water fever the glomerult are wually nornul, but there may be
extensive changes m the renal tubules and intenstioum.

Malaria pigment There has been confusmon about malana
p‘lngerL In the first place 1t 18 not melamin which 15 the pigment
of har skm and cys. The tue malama pigment 15 haemozom
closcly related to or identical wath hacmatm, which 15 ferrihacmic
aad The latcr 11 the non-protemn non-soluble 1ran-porphyrm
fraction of the haemoglobin molecule. Hacmozotn 1s pmm frec
hacmatn It 13 dack red~brown m transmtted hght and grey-black
by reflected hghe  Another body pigment 1s haemosidenn whnch 1
gc:;njncdb dwhmocytuycf'i‘lom any 1ron-cont fraction of

oglo It 11 2 dark yellow pigment, probab efly 1ron
the ferne state loosely bound to pmtmf or hlgoxd substances.
Haemozom possibly 18 slowly oxidized mto haemondenn, which m
turn may be unlized by the host.

Phymologic pathology Relanvely few comprehensive physio-
logcal studies have been made 1 malama pauents, and not much
more comment than has already been made m pasung can be
Edudcd hﬁ It may bcurllowd, however that 1n acute malana

cre 15 2 reduction m total plasma protem, affecting mamly the
albumm fracton, accompamed by an absolute merease uz, the
globulin with 2 comsequent nse m the globulm-albumm rato
Probably the reticulo-endothelial system has a part in this by 1
destruction of red blood cells and consequent hiberation of much
foreign materal, meludmg protan, mto the plasma. This blood
destructnion m malana scems also to be assoqated wath a decrease 1n
blood cholesterol. On the other hand  there 15 uswally an increase n
blood sugar durmg the pyremal sage The erythrocync sedimenta
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tion fate 15 ncreased m malana, and, of course, m anaermua, which
1 K frequently 2 complicanon of malana. wh
ecent observations mdicate that the erythrocytic destruction

stumulates 2 blood dilution wath tusue flusds with some added
protem  Towxac metabolites of the plasmodium or the effects of
parasite metabolism, or both tend to produce reverable alterations
m thz&crmablh of cellular membranes to Nz, K and CL. Sodnm
and chlorme tend to pass into the cells, so that there 15 2 lower
extracellular concentration of these 1ons, somewhat compensated
for by therr reabsorpnion by the renal tubules. The mereased mtra-
cellular Na and C! must ‘produce altcrations m cellubar enzyme
systems and other cell activity bur these are not clear There 15 2
nse m plasma potasstum. There should also be mentioned a depres-
ston of the activity of the adrenal cortex mn malana. Adrenal
muufficiency may occur

Observers have noted 2 close analogy between the ngns of a
malana attack and those of anaphylactic shock. In each there
leucopensa, relatrve merease 10 mononadear cells, lowered coaguls
tion rate lowered artertal tepsion, lowered surface tension of serum
with an merease of refracrometne mdex, and amilar changes
protem content of serum A fow attempts have been made to
desenntize malana patients by mtradermal myection of autoglobu-
lins. Ths has had no effect on the parasites but seemed to
cessation of fever

Some evidence of hepatic dysfunction, pu‘hzg:)scvcrc 1 commen
m malana. Kiudney dysfimction may range from albummuna to
anephots and nephroas

Although reports are contradictory there 1s evidence that an
mdredual whose spleen bas been removed will have iereased
difficuley m copmg wath @ malana mfecton Such persans should
be advased not to nisk an atrack.

Clinical Conrse

There are several types of malana mfecuons
Antochthonous infections are natural infections occurrng through
ure to mfective anaphclmes m codemuc arcas. A congenital
ifecion 13 contracted by 2 foctus from 1ts mother esther antepartum
or durmg Lbour In muxed infertions, two or more speacs of plas-
modta are present. When faldparim accompanies vivax the former
il dopmate the acute and the latter the chromic stage. An inchuced
fufection 15 one deliberately caused by applying an mfecuve mosquito
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munates to an hour or longer The avera
15 abos 46 ger gre duration m vivax malkina

Hot Gradually the feclmg of unbearable cold K
to one of distresang warmth, 'F‘bc face appears ﬁmi:f C‘;:-\S}'
suffised skim kot, dry and perhaps somewhat sctenc. The pulse s
rapud, full, and bounding respiration rapid. There 13 often headache,
nauses, vomuang and perhaps duasthoes. Temperatures mount to
104" F 106°F (40° C 411 C) or even hugher This hot
lasts most typically for 3 to 4 hours or somewhat longer
average for vivax malana appears to be about 4 hours.

Sweating stage Finally the panent breaks out m profuse
peospuatton drenching garments and beddmg  He 1s weak but

tly relieved even tranguil, and by the nme he stops
e may feel quite normal.” Often he falls asleep alrlmugﬁ he may
get up and resume his usmal occupation. His temperature m the
rwc:tmismgc may fall to subnormal. This stage typically fasts for
2 to 7 houss or longer The average durstion m vivax mabna
appears to be about 6} hours.

There s always fever dunng a malanal paroxysm but the other
stages may be muld 1 fact, so-called dumb chulls present only fever
In one seriex of cases chills were absent m about 40 per cent of the
paroxysms of vivax malana,

Attacks may come at any hour but some obscrvers have reported
that fully two-thirds of ther untreated malana pabents have had
thesr paroxysms i the morming hours between mudmight and mud-
day Thus 1 n contradsstmetion to septic fevers m which the
temperature 1s more apt to ne regularly in the aftemoon or evenng

'I‘gc:c 15 an apyrexual mterval following the sweating stage, and
thes m classical cases wall average about 13 hours n flaparum
36 hours 1n vivax or ovale, and 60 hours 1n malanac malana. Then
another paroxysm will occur  Treatment may stop the acute course
oflhcdzm:ﬁuoncortwo;nmxy:mx,buﬂmmwdmmy
continue to have typical mtermittent fever th?r C{zu da t_or lcmgcrf

The periodic febnle cysms have caturcs of 2
mcnorxp::a nou—apeaﬁ??yrogmw agent. But m classical attacks
the paroxysms arc synchronous with sporulaion of the parasite and
1t 15 assumed that Z:n: 13 2 casal relanonship between the ngour
and the bursung of the rosettes at the culmmaton of erythrecyuc

sporagony
Types of feves Clinical malana m practice presents three types
of fever viz. intermuttent, remuttent, and continuoms. Intermittent
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Jever 18 charactenzed by regularly reermmg femperature
related to well synchronized pertodic sporulation of the parf:::
Rewitient fever d-'gla some synchronization, as manfest by regular
exacerbations 1n the fever curve. But there 1s not sufficzent regitmen-
tation to prevent an almost contmuous pyrogenic sumulation. The
temperature remains above normal even m the remusons which
alternate with the exacerbations In coninions feter there 15 no
evidence of any synchronszatton of schizogony or of successful
tmmune resporse by the host. The fever remams devated wathout
well-marked intermiszions or remissions.

All malara] fevers tend towards meermuttency  most rapidly m
malariae and most slowly m falaparum mfections, Thus there are
many chnical vamanions m malana. For example, vivax malana
classically has tertian penodicaty wath an attack every second day
But 1‘;121; coum;::ll to soe an mual remuttent fever fnﬂ;}wcd by
quott Le. daily paroxysms specully in primary infectons.
Sometimes thus daily attack s due to douglc mchcuons, cach mith a
brood of parasites sporulaung on altermate days  Sometunes the
attack will come 2 day early and the fever 13 said o annidpate 1n 13
umng  Somenmes 1t 1 postponed. If attacks are prolonged 3o
that one has not ended wi mmcmubcgms,thcfcgnlccpuoda
are said to be submtrant Somctimes the fever 15 remittent, not
returnmg to normal for 2 or 3 days, and sometimes 1t takes an
atypical continued course wathout

Quartan malara clasucally has a 72 hour cycle with paroxysms
cvery third day but there are sometmes double quartans with
paroxysms on two succesave days followed by a day wrthour fever
then two more peah days and so on  Also one somctimes secs what
appear to be triple mnfections of malartae, with quoudian paroxysms

Falaparum nfections, wath charactensnc wnsynchronzed deve-
lopment of sch:;onu 1;uy manifest dlcmsdvulnlm gfamt ways
Irregulanty with a prolon, oXysm 13 us cre may
tertian pc:'lyodJCll'Y bciommga;ug:dxm m 3 or 3 days but therc arc
many vanations of ntermittent, remuttent, or contmuous types of
fever ¢ all
Splesuc eplargement Splemic enlargement 5 typrcal ©
ralaria attacks, but usually 1t 13 not mantfest m pamary mfections
much before the seventh gzy As the diseasc continues the spleen
grows m size and may become large enough to exwend bclovgl the
umbilicus. The enlargement 13 more rapid and more nonceable m
wnfints and children.  Splenomegaly develops relaavely slowly m
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quartan malana 1t 13 more rapid 1 faleiparum but 13 often not a
conspicuous sgn and 1t 1 generally promnent m vivax cases.
After first infecuons ate over the enl spleen maL decrease
sizc so rapidly that 1t will not be palpable . months later But 1n
chronic malana or m patients who Tzvc had repeated mfections the
decrease 1n size 13 much less apid.

Varations 1n clinienl course Temperatures of 106° F (411
C)orcven 107 F (417 C) are not usually serow m vivax
malana becawse they seldom permst for more than brief peniods.
Cercbral and mtesunal symptoms are not common and, cxcept
dunng cptdemics, this discase 13 not often fawl even when untreated.

Quartan malana 15 generally no more severe than vivax and the
mortality 13 even lower than m vivax. But nephnus appears to be

a compheation more often scen . malanae mfections 1 the
m}cllm I Ovale matana 13 mitder than vivax but otherwise resembles
1t closely

Falaparum malara, however 15 a different story  The panasite
nvades more rapidly and more extensively and can muluply more
quekly Morcover P falapanim sporulates chiefly m the capillanes
of viscera where 1t 15 capable of domg miore than m the
penipheral blood stream  Infections wth falapansms must be viewed
senously became nervous system manifestattons are wsally due to
tus specres of plasmodium and are nnble for a high percentage
of malana deaths. Inadequate or yed therapy may permut
serious bram involy cment.

Cerebral malana may develop gradually after headache vomiting
and nghmﬁen:puauon. or 1t may appear suddenly It may mumic
acute alcoholism, tetanus or epilepsy or 1t may acute
encephalins menmgins, or bram wnjury but the flmd
malana will be normal, as 2 rule. Symptoms may include exate-
'l;lhmn disonentanon, d-d.!.ﬂllﬂl,u(!::ﬂ ons, somnolence, and coma.

¢ comatose state may mmulate that of encephalits lethargica,
There may be Parknsonian effects or sometimes cerebrospinal
2gns and symptoms Occasionally there 15 a_penpheral neumes.
Panalyss, even haemiplegua, occurs rarcly wsually deanng up com~
" e e
parum mfecuons are also prone to cause gastromtestinal
malana, the so-called algnd or cold malana, with b[l::lody vomitin
and bloody mucous stools muscular eramps, suppresnion of unne
and sudden collapse—suggesive of cholera except that cholera
stools are not blood;, So too acute falaparum malina sometimes
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36 MALARIA
mutates other abdomumnal conditions such as pancreatins
colic, dysentery typhord fever and acute appmg::xm by

Dragnosis Plasmodia seen 1n a blood smear have much 1mpor
tance m the dugnoss of malana. Every panent m or from 2
malarious area should have this test, regardless of prmary complame.
‘Whnle no one should be deprived of trearment dietated by Cimul
cvidence, yet repeated smears should be taken and exammed m cores
ofmsomﬁlc doubt, and great relance may be placed 1 the micro-
scope inte”ligmtly used. The fever threshold m flaparum malim
vartes widely from 5o parasites or less per conm  to many thousands
m those who have high tolerance. In vivax and quartan malana
the threshold 15 usually from 10 to 1 000 or more per c.mm. Based
on the cxaminatien onIOO fields by 2 good techmicun the numenal
level at which parasites are first scen m stamed blood smears 1 aboat
200 per c.nm. m thm and 10 to 20 per c.mm. m thick films In
cases of doubt 1n the sentonsly 1ll, naturally more than 100 fields
would be exammed before grving a negative report. A practical
measarement may be obtaned by counting the paranites per 1 000
red blood cells m a thm smear makang a total erpthrocyte count i
the usnal way and then estimating parasites per cmm  (White cell
counts will reveal a leucopenu, at least no leucocytoms, m un-
complicated malaria.)

Fatal untreated falaparum cases m which there were fewer than
500 parasics cmm, must be rare indeed. Clmually grave
fala ections with low or negative mtial temza are
also rare, but often a httle treatment wall have modified the count
to bong 1t to a deceptvely low level. Panents with over 500,000
falaparum parastes per c.mm. have survived after vigorous treat-
ment, but apparently few have ever recovered followng a density
of 750 000 or more per c.mm.

Deaths from malana have been reported after negative or weakly

trve blood smears. So the patient as well as Jus blood smear
must be under close observation specully m Alaparum malara,
With ot without a posiave blood smear the followmg findings are
suggestive of mtanutg:ut fcve; {@-hrgoic:dd;fmm

mpt response to annmalanal therapy  Spleen or
f;gsgmlogialtcsnmnotmndudormwulmm’hm

oss
History of exposure to mfectton may 2dd weighe to a ponnve
oul.;y Patients from the tropics not infrequently have chrome
gﬁu as 2 complicanion obscured by or obscurmg another mfec-
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non such as dyscntery  Obwviowly a blood smear postave for
plasmodia does not always mean that the patent s chict complaints
are due to malana, Howcver the climeal course of malaria 1¢ mu;;lz
charactenzed by mtermattency and the discase has tvpical {)cn
of latency and relapse. Hence one alwavs wses cauton lest an
atypical symptom complex be ascribed to a disease wsually typreal.
chcnhz:; such discases as kala azar amochic absces carly
filinass relapsmg and typhoid fevers must be kept i mund 1n the
differential diagnosss of malana. A phyncun should not allow his
clinical meelligence and judgement to be blunted by laboratory
fin Remember that to admumister chloroquine or paludrine to soncone
free of malania will rarely do any harm to give these drugs early in the
conrse of malana may do wtuch qeod

Prognoss Dunng World War Il there was a case mortality rate
of less than 1 per 1000 among U'S troops treated 1n hospital for
malana. Vivax and quartan malana seldom result m death except
m cpidemic nmes. But untreated or poorly treated falaparum
malama may prove fatal n up to 25 per cent of cases. When the
trophozote count on the first day of treatment exceeds 500 000 the
expected death rate 18 over 60 per cent. Pully developed cerebral
malana 1 fatal m from § to 25 per cent of cases. When both coma
and convulsians are present, the outlook 15 grave  Muluple visceral
involvement 15 a sertous complication

Liabihty to relapse 15 discumsed below

Immomty

Definitions Malana ymmumity consututes those processes m the
host which prevent mfection, remfection, or supennfecnon or
which assist m destroymg the mvaders or 1n miting thar metabol-
wm or mulnphaton or which modify the physcal effects of the
mvasion o1 aid speaificlly m repammg the damage.

Natural immunity 13 a species or mnate character mdependent of
previous or exisung mfecnon. For cxample man cznnctcﬁnmfccted
with avian plismodua, nor can human malana be established 1
birds. Here 13 absolute nnate immumty  But in other cases varymg
degrees of response are seen. Many negroes but few white men,
for mstance arc hughly refractory to P tiay agan all humans
are rchatively msuscepuble to P knoulesi whereas mfecuon with
this paraate often destroys a thesus monkey Recently P lophurac
of ducks has been established a8 an infecnon 1n young mce, 50 1t 15
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Acquired imminity anses on the basis of an exstmg or a past
mfection or as a result of some such iminuninng procedure as the
mjection of 2 vacane. It 15 the result of 2ntigentc sumalation of the
host by the paraste or s products

Adwe immunity either comes naturally due to an atrack of the
disease, with or without nigns or symproms or 1t comes arnfitlly
by moculstion of fractions of producs of an mfecnous agent, or of
the agent stself m alled modified, or varant form.

Passive smmumty 13 attamed cather by matemal transfer or by
moculation of speaific protectave :mubogm

Tolerance 1s mmumty oontmft an and condiioned by continued

resence of the parastte 1 the host. A host with tolerance exhibuts
ess reaction to a given quantum of mfection, whereas one who has
ample unmmty has an mecreased ability 1o hmur the quantum of
mfecton developed. Tolerance may develop before 2 panent can
sharply curb the parasite. Premunition 1s a term almost synonymous
with tolerance, but 1t has a greater connotanon of munumx to
supermfecnion with the same stram of te. A recent attack of
vivax malana does not necessanly er premumtion and homo-
Togous supeonfection 13 not a certamn basss for tesung 3 cure. Malara
ymmumity meleding tolevace, dﬂd:(g on the basis of the zcuvity

and quantum of erythrocync plasmod:a and 1 not directly related
to the exoerythrocync stages.



PATHOLOCY CLINICAL COURSE, AND THERAFPY »

Each species of plasmodia 15 a complex of immumologreally
different strans An acquired immumiey 13 most cffecve agamnst an
homologows infecnion Et may affect heterologous strams to some
cxtent.  Ant-parasic immunity 15 wually stram speafic, but
tolerance sometimes develops nto a wider mAvence which may
include sevcral stramns or cven more than one specics

When malana 1 hughly endemie, the tmprotected mdigenous
people may develop and mamtam a ngh degree of malana tolerance
through '?h: rocess of often-repeated mfecion  Completely
tolerant mdrviduals may have impalpable spleens, normal hacmo-

lobm readmgs, and no symproms  although blood smears may

?hm\ plasmodia This tolerance 13 not mnate but 1 slowly acquired
50 that mfants and children i such commumnsties may suffer severely
mndeed 2 third or more may dic of malana before adulthood.
Fifteen to 30 years of mtemse exposure may be requred to
develop a stable truce between host and parasiee In some indivi-
duals, the tolerance becomes remarkably strong while 1n others 1t
rermams uncertam  Although this immume process has enabled
certun primitive peoples to survive m highly malanous areas m the
absence of any control measures, yet 1t thould not be overvalued so
that 1t becomet an exewse for wathholdmg prevennve measures.
Moreover while 1t may be true that o substance, whether
demved from naturally or therapeuncally destroyed parasites, acts
as the antigeruc snmulus, yet this should not be wsed as an argument
to delay modem treatment since a useful tolerance can be camed
only by almost contmuous mfecnion wath 2 varicty of strams over
a pertod of 15 years or more  Whether or not complete tolerance
to malana occurs, with no damage to the mdimndwal young or old,
18 a disputed ﬁ::il:.

Phynical of immunity Both cellular and humoral
dements are mvolved and are dosely interrelated m malana immun-
1ty The celiular bass of immumty 15 primanly phagocytoss.
Macrophages duspose of large numbers of tes parasitized red
cells and malana t. At first, they function at a slow pace
but 23 the acquired 1mmumity develops there 1s hyperplisia of the
rcuculocndot.b:!nlgxttm and heightened acuwity of the phagocync
elements. Very hkely also the parante and us r\:g become more
susceptible through sensitzanon by antibodies. Opsonm-lile sub-
sances, preapions, complement fiang antibodies and agglunmins
appear to be involved, but therr identiry and character are not clear

us far considerable rescarch has not developed any method for
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Latency

When a malaria mfection 15 symptomless, 1t 13 sard to be ds
latent even though there may bea gztcnt parautemia and mc_h"ouﬂ
signs as splenomegaly  Parasitic latency occurs when parasitcs are
Elrsumt but undetectable on standard exammation of tuck blood

ather because for 2 ame only fived assue forms survive, or
because the numbers of erythrocytic forms are scanty It 15 known
that trophozottes may be present i the blood stream 1 sufbesent
concentration so that a § c.c. moculum on subpassage will mfect 2
susceptible person yet the dilution will be such zi:t one mught
examme more than a thousand thick films without findmg a

parasite
Thctctmlafmtyuxomcumauscdmrcfmnngtopmmmd
ncubaton periods. For example the vivax mfections of northem
Europe acquired m late summer and early 2utumn usually have an
mecubation or latene penod of 7 or 8 months. The finst chnseal
epusode often does not come until the following April or May
The expresston chronic malana includes the peniod of infeenon
from the end of the primary attack to a complete or so-called radicol
cire a term which implies not only termmation of mfection~—
parasiie cure—but also restoranion to normal health. Latent malina
resents no symptoms chronic malana includes not only latency
ut also relapses and sequelae  The last-named are becomng less
frequent :gc face of morc adequate therapy and now that hook
worm disease and kal amar are more readily differentiated from
malama. The principal sequela to be considered 15 malarial cachexia

ch 18 characterized by anorexta, scvere anaema emaciafion and
hich by aner muscular weakness, sometimes

perhaps oedema, splenomegaly

mcnupsmd meneal ?p:thy One still sees thus condion 10 under-

developed arcas subject to seasonal or regtonal eprdenncs of malana.
Relapse

Malarta 15 charactenzed by alternatng pertods of latency and
rencwed aclt;vny both pa.raan and dimcal, and the host reflects to
a large extent the behaviour of the parasitr Temporary terrupton
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In an attack due to absence of two succetuve paroxysms m a quoti-

coursc, Or Onc M a tcthan coure consttutes & rermssion
provided acuvity 15 then resumed. The primary attack 35 arbatranly
defined as the period from the end of the ehimeal meubation penod
to the begannmg of the first symptomless and fever-free period
which lasts 3 weeks or longer  There may be several remissions or
cven pertods of ktency dunng the pnmary attack and the latter an
the absence of treatment, may pernst for 2 months or more.

Climucal attaels subsequent to the pnmary one arc called relapses
The term parasinic selapse 1s sometimes used to mdicate a reappearance
of parasites or a marked increase in ther numbers as noted m
sundard blood film cammmation. Some obscrvers believe that
renewed chimeal acnvity occumng wathin a peniod of about 6
months from date of moculanon probably denves from paranne
acavity which 15 part of the pnmary parastenua  Therefore :Z
prefer to use the words reemduscences ot short-term renewals for
artachs and to consider as relapses only later epiodes resuling from
the ongmal mfecnion.

Species of plasmodua differ i ther tendencies to relapse. Refer
nng to untreated cases not reintected, one may .y that falaparum
ma if not soon fatal, tends to complere cure within 6 to 8
months with few relapses. Parasne relapses somctumes without
chncal symptomy, provide the ga 10 TIHALE 2 NCW $€A50D
of ansnussion, Howeser there have authenneated cases of
the pernstence of falaparum mfections for 2 or 3 years after
moculainon. Malanae mtectons may for many ycars even
40 or more  But relapses are y mirequent, often the
persistence of parasitenia 13 not reabred unol a blood donaton
results m 2 new case of quartan malana.

Vivax malans 15 clursctenzed by protracted chromaty  Spon~
uneous cure, however generally occurs wathm 1 or 2 years, and
relapses are wmusual after 3 years. Some stratns of P wftax seem to
be more prone 1o téiapsc than othen, and there may be soch a
churacter as an mherent siran penodiaty  Moreover there 15
difference between sporozotte and  trophozote mduced vivax
infectons. Only recrudescences or short-term renewals of activity
are usual after blood moculaced vivax malana whercas long~term
relapses are charactensie of all vivax cases acqmred from sporozontes,
Peesunuably chere are fixed tmue ocll forms of the parnte m
sporozotte mduced infecons which do not oceur in the other type

Ovale mfecuons are not common and have not been 0 wel
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Eliei,cgfn they appear to resemble vrvax malana as regards relapse

The cause of a malana relapse 1 not clearly known, and cfforts to
arouss one expenmentally are not often suocessfl.  Short-rerm
renewed dimical acowity ‘conld be explamed on the bams of 2
grmmgcrythmcyuc;chxzogonouxcydcuhmhnhddbadcb

¢ 1mmune processes of the host dormg penods of latency but w
breaks from thus restramt and produces moﬁ parantes to pass the
febnle threshold at umes when the host s d fail—for reasons
soll obscure. The long-term relapses of vivax malama rught amse
when a contmumg exoerythrocytic schrzogony for some resson
mitates a renewed erythrocytic cycle. One etant factor m
rela vivax malama seems to be repeated on mvolving
Pm&smga diversity of strams of this paragte. Evidence also mdicates
that the larger the moculum of sporozoutes the greater the habihity
to relapse and the longer the chronic perod.

Therapy

Malana therapy 18 complicated 10 several ways. (1) There are
four species of plasmodiz, no two equally amenable to treatment.
(2) Withm at least two speaies, vivar and falg there appear
to be strams which have varymg ressstance to the same therapeutic
t. (3) The mitul pre-crythrocyte, the asexual erythrocytic, and
e sexual gametocyte differ from one another m ther
nbality to o drugs. E&4) In vivar and malarae, and
p“::gﬁlymovak.,bm ps not m falaparum malana there appear
1o be perastent excerythrocync forms (as yot not well demonstrated)
which may be respansible for relapses and which respond differently
to chemotherapy than do other stagres of the plasmodn Ad.r:g

which will end an acute attack may nat pmmtrdapsi;ugj)s
factors as the number of sporozostes 1 the mfectng moculum and
the status of host resstance also mfluence the rawls of malanz
treatment. The preseace ot absence of malan2 immunty or toler-

ance n the patient 13 2 relevant consderation somesimes overloo
Certamn defininons are required m a ducwsmon of antimahinal
drugs. For mstance, to many observens curanve chemotherapy
has mmplicd complete suppresion of acute atracks and sgmificant
lowermg of the usual relapse rate but not necessanly eradication of
the mfection, It has been assumed that 2 curative_antmalaral will

mcompanthcdatmcuonofu-ydxmcyﬂcmguofthcpannm,bm
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will deal with permstent fixed tissue parastes only to a lmited
cxtent. Probably 1t 15 wiser to usc the term alleviative therapy to
mdicate a régime which ameliorates or terminates an attack but
docs not eradicate the infection  The term aurative therapy may be
roserved for treatment which completely climmates an mfection
To date therc 18 no therapia stenhisans magna for malana—no ant-
malanal which will certamly destroy all plasmodia of all specics and
stages, thus resulting m complete or so-called radieal cure Alr}m\&h
cventually complete cure 1s usual m all but quartan malana the
curative process 1s frequently prolonged over a peniod of 2 year or
two and mvolves immime reactions as well as dru

The term protertive chemotherapy m malana refers aather to causal
(sometimes called causative) prophylaxis or to suppresmve treat
ment. Causal prophylaxis by defmbon imphies the use of a drug
wihich will brmg about destruction of the one or more plasmodial
stages preceding the erythrocytic forms Whle, stnctly speaking, a
true causa] prophylactc should destroy the sporozoites before L%cy
take root, yet the term 1 also used if a drug so affects the pre-
erythrocytic stages that the red cells are never mvaded. Swppressice
treatment  better called suppressive protection or what wsed to be
alled chemoprophylaxus, conssts m the admunistration of a drug
which will act sufficently agamst the erythrocytic stages to prevent
the appearance of dmical symptoms, at least durmg the period of
treatment. Such curbing of the plasmodia may be useful aither to
prevent clmcal malana during a peniod of uncontrollable exposure
to mfecton or to prevent relapses after termnation of an acute
atrack. Suppressite are may occur durmg suppressive protection

Some observers have considered 1t uscfg!l to employ what might
be called gametocidal treatment wnth a view to reducmg the m;-:nnﬁcr
of human malina camens n a community  As be scen a2
discussion of indrvidual drugs below not :ﬁ of them directly affect
gametocytes. However any drug which 1 arther therapeutic or
suppresave will soon bring about the dsappearance of gameto-
cytes, as well as other stages from the blood stream

Many drugs have been used to treat malana but this discussion
will be limuted to chloroqume camoqum chlorguanide quinacrne
anchona alkaloids, and some 8-amunoquinolines. Several new
synthetic anamalanals are under stud perhaps the most promusmg
bang . 4-diammo-s-g-chloropheny yl-pynmidme
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Chloroquine

The most effective antimalznal at
CHomsqure. fist made m Germany Sy, e e o
It has the followng synonyms aralen, resochm resoqume, mvaquine
B randkan SN 7618 3377RP WiN-244. Thcdrugu;oldgthc
United States 25 aralen, which 1s chloroquine diphosphate (62 per
cent base) There 15 alto 2 chlorogqume hydrochlonde (89 per ceat
i:uals;g:;nmblc for parenreral use, Nivaqune B nu chloroquine

Chloroqusme appears to have no effect on SporozOiEs Of pre-
erythrocytic stages, nor does 1t have m(hmﬁfmy effect on the
persstent €3 ocytc parautes, although vivax rclapses are
gsmﬂy ddadz;:d or Zﬁt;txo or more weeks aﬁuﬁ treatment. ’Ig:‘dmg

0es not Y gametocytes  But chloroquine 1
effective agamst the :ngﬁofaﬂspcudmdmiﬁh?f
plismodiz of man, both as a therapeutic and as 2 suppressive drug
While vivax and malaruae mfections may relapse chloroquine
treatment, fal malamz 15 usually completely cored. In
adequare doses chloroqume 15 2 good suppresstve, although no drog
yet avatlable, when given m safe doses, 1s certam m all cua o
protect against malana. Occasional dimcal cases have been reported
m patents O;L:Eg:mvc chlorogtnne.

Chloroquine 1w the hver spleen kadneys, fongs and
white bood cells. Degradation and excretion of this are show

{asmna concentrations dropping about 60 per cent 2 after the

dose. Chloroquine 1s nat often tovic m the usual doses and 1t
does not colour the Jan. Occanonally 2 pancnt rking chloroquine
may comphm of blurnng of vmon headache, gastromtesonal
discomfort, or perhaps prumps.

Chemcally chloroqume 15 a 4-amnoqumolme named 7~chloro-
4-(4-dicthylamino-1-methylbutylammo) qumalimne.

Therapy First dosc, 10 gm. of the diphosphate (or sulphate) sale
(06 gm. of base) followed 1 6 hours by s gm. (o3 gm. of base)
then o5 gm onccd:ﬂyf:lrzfdays. f:hz;wunts to;o!tz(xbl;:uof
aralen equvalent o & totd of « 5 o mne salt {1
of base) m 3 days. (The usual zmlﬁhla wD:om’;ilso 15 Ofgg
diphosphate salt. There 15 an army tablet of o5 gm. of the wlt)
ng ircumstances mdicate 1t, 2 smyle curatrve dose of 1 gm. of the
salt (06 g of base) may be used best followed by suppresnive

treatment for 2 or 3 mon!
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Dosage for children Total amount of the diphosphate salt over
a 3-day period by age groups 1 to 6 months, 0375 gm 7to 9
months, o5 gni. 10 to .4 months 0-75 gnL 2 to § years, 10 gm.
6to 10 yeam, T.5 gm over 10 25 gm  These totals should be
divided 1nto 6 doses 4 gaven the first day and 1 cach on the next
< days

Pzrcntcnl use Chloroqume hydrochlonde may be given mtra-
muscularly m a dosage of from 0. to o:3 pm of base  There are
marketed ampoules of 3 ml. and 10 ml of aqucous solution of the
hydrochlonde slt contammg a toral of 015 and 0 45 gm of basc
respectively  Intravenous use 1s sull expenmental  Doses of 044 gm
of base 1n 500 ml. of stenle physiologic sahne mjected by ntravenous
dnp over a pertod of an hour have tried wath excellent resulss,

Supprmgsl: treatment  Good suppressive treatment agamst all
speacs and strams of plasmodium 15 obtamed by doses of 2 tablets
1e o5 gm of chloroqume walt (0 3 gm. of basc) taken once weekly
Dosugruchﬂdrmm be as follows age 1to 3, } tablet 210§
dtablet 6011 1 mb{n 12 and over adult dose.

Camoquin

In 1946 a drug known as SN 10,751 and now sold under the
trade name of camogin was synth made m the Unnted Statex.
The genenic name 13 amodaqum, and synonyms are Cam-Aq,
CAM AQ1 and mmqum. Its chemucal name 15 4(3 <iethvlammo-
methyl-4 -hydmry:n?lmﬁy—chloroqumohnc.

Camoqum resembles chloroquine m 1ts pharmacology and 1ts
acuon on malana. It 15 marketed as a dihydrochlonde dihydrate 1n
tablets, cach of which contuns o2 gm of the base. Recommended
therapeunc dosage for an adult 1 3 tablets, tonlling o6 of
base taken 25 a smgle dosc, and followed by suppressive Py
for .. or 3 months Chuldren from 6 to 15 vean may take o tablets
310 § years, I ablet 1103 yeans 4 wablet.

Camoqum may be used a3 a suppressive taken at the rate of 2
tablets (total o4 gm. base) once a week.

Similar to camoquin 13 a drug of German ongn, vartouwsly called
sonfocln sontoqume santochin’ SN 6911 and 3038RP  Nivaquine
C 132 dihydrochlonde of sontochm. Nivaqume M and R are other
salts of sontochm gruv:qm.nc B 15 2 nalt of chloroqume) There 15
also another qunolne -ovyehlwoquine formerly SN 8137 which,
although slightly less active” resembles chloroquine m character and
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action., But nather sontoqumne no chloroqum mmercalf
available m the Unrted States. TR e Y

Chlorguamde
Another usefol and modern antimalanal 15 the called
chlorguamde which has the fal st
ownng yms  paludnae,
roguanil B P palual, M 4888 gumzt;{ndrmupnl,

vl chlonguane balual, and tran. The drug 1 y sold
as a monohydrochloride (87 per cent base) There are also acetate
and lactate salts of chlo de which have betn used parenterally

It 15 not clear that chlorguanide has any effect on sporozoites m
human nssues but the drug docs appear t act to some extent agamst
the pre-erythrocync fixed usue smges The effect 15 not complete
because 2 n moculated durmg suppressive treatment may have
the dxén h;:]t::r:lk l}ﬁ:r quﬁs_ suppretaive treatment has ended. Chlor-

e e 1f any effect on the permstent fixed tissue parasiees,

pscofwmmzﬁ.mwﬂloocm7tolowc\:hormorcaﬁcr
weatment. Thys drug renders falaparum gametocytes non-mfecnve
0 mosquitoes. Agamst the erythrocytic stages of all speces, chlor-
guanide 15 quite effective, but its acton 15 relanvely slow  Some
sarams of P_faltiparum ate refractory to chlorguanide while others
are sufficeently suscepnible so that the discase 1 completely cured
Unfortunately plasmodia may become resistant to chlorguansde.
For example, P vivax on low dosages may dcvc.lgg an acqured
resistance to chlorguanide cven up to 2 thousandfold. Judgmg
from recent expenmental work 1t 15 important to usc large doses of
chlorguanide from the outset and not to be content with mimmum
amounts which at fint will contro the parasitemia.

Chlorguanide 15 2 good suppressant agamst vivax malana, but not
%0 Cortaln 1n 1ty protective 2cton agamst some strams of P faldiparts
Agamst nether species 13 a radical cure certam after suppressive
T Hlorguanide loclzes m the v kudneys, white and red blood

Chlo e n ver w.
cdls The drug Rpldg disappears from d«:cubzﬁloa PI"S_‘J“; ;‘::t:’m

hon mto active m tes 30 ura
appmntobca&cgn de 13 not so thort as mught be

f effectivencas of chlo
?;\linfc&c The drug has noc::g‘il;'!?ow tonaty After hugher than

normal doses ot m unusually susceptible persons, there may be
nausca vomttng durthota, and even muld hacmatuas.

Chemucally chl de 15 a bigoamde
thyl)-Nruoyropg biguamde.
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Therapy o3 gm. of the monohydrochlonde salt twice a day for
10 days. (The ustal commercial tablet contams o1 gm of this salt.)
Some observers recommend that on the first day when treating
non-mmunes, therapeutic amounts of a morc rapidly actmg drug
such as qumacrme be gven  Other observens recommend that
when malana 1 treated with chlorguanide the 10-day (r)?mc should
always be followed by suppressive treatment for a period of 6 wecks.
Some lave reported goocr results in vivax malana, and 1 treating

parim in semeimmunc patients 5c.g labour forces 1 the
tropics) when a ungle dosc of '3 gm - of the deug has been followed
suppressn ¢ treatment for 6 weeks or lcmgﬁ:

Dosage for children Children tolerate chiorguamde well. The
nmda:ﬁannula may be wed

Adult dose x pauents waght (in pounds)

150
Somewhat larper doses may be used 1f indicated.

Parenteral nse  Chlorguanide acetate has been used mtraven-
ously 1 doses up to 400 mgy and 10 nmslar dorages wtrammsculacly
although m the latter case there 1 some evidence that local tissue

g¢ may result. Parenteral admmustranon of chlorguamde 1
still experimental.

Supprestive treatment Chlorguamide has been wed for
suppresuve treatment m doscs of o3 of the salt once a weck,
02 gm. twice 2 week, and o1 y For wc after curative
treatment the weekly dose may be suffiaent, but for proptzhm
agamst acute attacks m highly endemic arcas the daily dose should
be taken. Even this appears to be not so certamnly suppressive as
chloroqume weekly ot qumacrine daily

For children the follomng weekly suppresuve doses may be
given age 1to3 § mblet 3to s 1tablet 6to 11 1} bl 12
and over adult dose.

Quinacrine

The best-known synonyms for qunacrme are mepacnine hydro-
chlonde B P., atabnne, and au:bu;]x. Othert are acnquine  chemi-
ochm chmacnn, cinodon, enon hafkmune smlchma metoquina,
metoquine, palusan anchm methoqune. The USP salt 15 2
dihydrochlonde dihydrate (79 per cent base)  Atebrn musonat was
2 German trade name for diethylsulphonate of aabnne atepe 2
trade name for tablets contanng both atabnne and plasmoctun
metoquma compuesta, 3 Laun-Amencan trade name for atepe
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Quinzenne has hede or no effect on sporazortes or re-erythrocy
stages nor does 1t have much, lf:.nyspgﬂ'cct on ChCPPcrmtmt ﬁ_‘:‘;
tussue parantes, although vivax relapses are delayed for 4 to 6 weeks
or more after treatment. The drug docs not directly affect gameto-
cytes. But qumacane 1s lughly cffective agunst the

stages of all specres and strains of plasmodia of man both as 1 thera-
peutic and as a suppresave drug. While vivax and malaruac infec-
::x?z’lm relapse after treatment, falaparum malnz 1 wnally

pletely cured.

Qumacrine localizes chuefly 1n the hver spleen, 1 heart, and
white blood cells. It 1s xlowi'; ehmmared, soPthat phlzﬁ: mncl:nm
nons drop onlyabout5opcrcmt§wcdca&crd1ch:tdosc. In
the usual doses qumacrne 15 not often toxic although 1t 15 more 5o
than chloroqume, camoqun, or chlorguanude. Symptoms and signs
of qumacrme toxicity mclude anorexaz, nausca vomitng
cortical sumulation with temporary menta) disturbances, and some-
ames severe skin lestons. Qumacrne dyes the skin yellow but ths
;sﬂpot a toxic or 2 permanent, although sometimes a disconcerung

ect.

Chemuaally qumacrine 15 an acudine dye named 6-chloro-2-
methoxy-9(s~diethylammo-1-methylbutylammo) actidine.

Therapy Fmtc[‘;y 0-3 gm of the salt every 6 hours, a total of
s doses. Thereafter o 1 gm. 3 tmes darly for 6 days. This provides
n all 2 8 g, of the salt 1n 7 days. (The vsual commercual tablet of
atabnine contawns 0 1 gm of the salt.)

Dosage for children Qumacrne 15 well tolerated by children
For chuldren and frail individuals the standard formula for dosage
may be used.

Parenteral nse While quinacrine has been msed intravenowsly
this method 13 not recommended by most observers. But 13 uxe
intramuscularly 15 2 safe and effective procedure. In sterile disulied
water 0'w of the drug 15 mjected meramusculardy mto each
buttack wuin:-hc usual precauttons (roml dose, 0-4 gm.) If peces-
sary one or cven two stmitlar doses may be given at mtervals of
6 to § hours, but as soon a3 orzl medication 15 feanible 1t should be
adopted m place of the mjectons. The total dose of qumacrinie by
botgrouta should be 2 8§ gm. m 7da Inztsa] matramuscular doses
of qunacrine may be followed by oni doses ofcbloroqu.mci,' camo-

or chlorguamde. For wntram on Of gma-
ﬁ to children or underweght panents, smtable dotage may be
estumated by the usual formula.



PATHOLOGY CLINICAL COURSE, AND THERAPY 49

Suppremve treatment Good suppremve treatment agatnst all
species and strams of plasmodium 1s obtaned by daily doscs of o 1
gm of the qumactne salt. This régame when contnued for 4 or
more weeks after cxposure, will usually result m suppressive cure
of falapsrum mfecuons. But vivax and probably malanac attacks
may occur after suppressive treatment.

Quimine

The quminc alkaloid of cinchona reigned supreme m malana
therapy for 300 years but has now been dethroned by the synthetic
antimalamals descnbed above. However in relapsing vivax malana
qumnme 15 still a useful drug when used m combination wath an
$-ammoqumolme as described below  Morcover m a few areas
where qunme and the standardized mixture of anchona alkaloids
known as totagume are prepared locally they may sull be recom-
mended m malina therapy smply becausc they are cheap and do
not require monetary credity m hard currency

The chemical name for ¢ 13 6-mcthoxv alpha (s-vinyl-2
qumuclidy]}-4-qumohnem ol

Qumine 15 only shghtly localized m the tissues and » rapidly
metabolized 30 that 24 hours after mgestion the drug has lost go per
cent of 1ts plasma concentranon.

Qunme appears to have no direct effects on sporozoites or on
any fixed nsme forms of the parante It does not greatly curtal
the mfecnousness of gametocytes, although 1t does have some
gametocdal effect m vivax and malarae wfecnons. But qumine
effectvely mterrupts the schizogonic cydle of all es and strains
ofé)[zsmodm although 13 action 15 not $o rapid as that of qumacrine
and chloroqume agamst these ocync stages. However
relapses are common after qumine py and may come as soon
asrors wcc\u&mzftcr treatment.

Qumnme often causes toxic reactrons, more commonl
than has been realized. But these mmgg;h‘:i usually muld anZl
txmmryby'l‘l:adl:pcunc dol;cs a3 a rule cause anchonusm, which 1s
mansfest by such ngns an toms as tmnitus, o
deafness, visual disturbance hzwd?d:c nansea, and umv;xt;i R:P‘rr:l];l
mmmmdmzbnoccm‘rcd Some persistent eve and ear

such as shghe deafness and a constmction of the visual field,
have been reported. It must also be noted that qumme seems to
have been a preapitatmg factor m blackwater fever. However over
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centunes dus drug has been extensvely wsed b

ndividuals with no more than shghe duoz;mfbrt. Y e mny
There arc many salts of quimine, the most common bang the

sulphate (83 per cent base) and the dih oride (82 per cent

base) m’l;l]]lc latter 18 the most soluble and therefore 15 the one used

paren Y

Therapy Qumine dosages used to be much Lirger than n
Careful observatons on volunteers have made 1t clear that 2 gm
Pcrdiyf0r7dayswﬂld0aﬂthatanbcdoucmththndrugmic
treatment of malara. The wsmal régime 15 065 gm. (10 grauns)
3 mes daly immedutely afier meals. It 15 2 good phn to grve 1
muld saline purge at the onset of treatment and to prescribe moderate
alkaline therapy daily

The dosage of rotaqumc 15 the same as that of quinme.

Parenteral treatment When oral therapy 1 not possible or
feanble, and qumacnine or chloroqume for meramuscular wse 18 not
available, quinine may be grven parenterally Smee qumme mnjected
tnto muscle assue 1s not anly a source of much ducomfort but ako
frequently causes local necross, 1t 15 preferable to admmuster the
drug mtravenously  For this purpose, 0-6 gm. or 10 gramns of qumme
hydrochloride mn some 300 to 400 ml of stenile physologcal salne
13 1njected mtravenously with not only the wual precautions but
with great emphasis on slow administration  Not more than a gram
of qumine per minute should ever be myected into the blood stream
Panents have suffered severe shock and cven death apparenty
because of rapid wtravenous mjection of qumme. The dose may be
repeated m 6 to 8 hours if mdicated, but oral medicanion should be
used as soon as possible. There 138 much fo be sad for grving the

teral qumine to comatose patients by a cantmuous-drip method

over a period of 24 hours, or longer 1f necesary

In an emergency when oral medscation 15 impotsible and onc has
no antumalanal drug suitable for parenteral use, 1t 15 possible to
admmuster quinine by rectum. Mix 1 or 3 gm of qumine salphate
with starch paste thin enough fo pass through a rectal catheter and
run the moxqure mto the rectum by gravity  The quemnc 13 rapidly
absorbed and one or two such doses will not generally cause serious

uTitaton.

]O‘;‘lmunent of chuldren The dosage for chuldren or underweight
tndrviduals may be estunated on the basss of the ormula {@mven

above) Simee quinme 1s very batter st may oal .
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Palatable Liquid muxtures may be made for children by using syrups
of hiquonice or of yerba santaor some such vehicle

Suppresnve treatment For prophylactic wsc no less than 0-65
gm. or 10 grams of quimne should be taken daly and this treatment
winch frequently ts a chimeal attack 15 recommended only m
the absenee of xucE drugs as chloroqume camoqum  chlorguamde
or qumacnne.

8-Aminoqunolines

There are several 8-anunoquinolmes which have been used 1n
malara therapy  The oldest, best known and most toxacs pantagrine
(plasmochm pL:moqm:nc pracquine, gnmcf'um%m yl leproc ?
Chermeally this drug 15 6-methoxy 8-(4-dicthylammo-1 methy!
butylammo) qunolme. A mmhrZug 1 pentaquine (SN 13,276)
which 13 6-methoxy-8-(s-so~propylammoamylammo) qumolme.
A thurd s 1sopentaquine (SN 13,274) which 18 6-methoxy-8 (4-150-
propy lamino-1-methylbutylammo) qumolme The latest 15 prima-
qume (SN 13,272} which 18 8-(4-ammo-1 methylbutylamino}-6-
methoxy-qunohne. At the time this 1s wnitten only pamaquine
mdrfcuuq\nnc are available commerenally but pnmaquine 13 to be
marketed.

All of these 8~ammoqumolmes are rchuvely toxic. But, m
combmation wath qumne, all have a definite effect on the perastent
fixed tisue stages which appear to cause vivax relapses. But they
are apt to produce methaemoglobmenua, cyanoss, fever abdommal
cramps, and even acute intravascular hacmolyss. The combmation
of quunacrine or of sulphonamudes and an 8-ammoqumoline 1
parncularly bable to produce these toxe effecs Quunactine and
plasmochin, for mstance, should not bc gven together The
$-aminoquinolne are not recommended for any but specalized
wse under aareful supervinion for the speafic curabve treatment of
relapsing vivax malana.

Treatment of relapnng vivax malaria For this purpose
E;nuqumc may be given 3 imes a day 1 doses of 001 gm. com-

ed wath 065 gm (10 grams) of quuune sulphate for a penod
of 14 days. This amounts to c-03 gm. of pamaqune base and 1.9
gm of qunne duly

Pentaquine or isopentaquine may likewse be given 3 times a
day at 8-hour ntervals 1n doses of o'or gm ofbucglcombincd with
065 gm. (10 grans) of quinme sulphate for a period of 14 days

This amounts to 0-03 gm of the qumohine and 195 gm of quinine
E
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daly Some observers recommend that the peneaquine d
mereased to 001 gm. cvery 4 hours zd.hc% ;Iomz mousa;:
regimen of 3 doses of 065 gm  quinme sulphate dally This amounts
to 006 gm of pentaquine base and 1 95 gm of quunine datly and
15 dlose to the maximum tolerated dose of pentaquine.

Prmaqume 1s grven with quinine in the same dosages as pamaqum
and sopentaquine  In the case of pnmaquune, some observers
recommend single daly doses of 003 gm. of base. The delayed
toxaity which has been reported for primaquine seems to be avord-
able i most cases by adding to the regimen theobromme m doses
of 02 gm. once a day Adrenalm and ephedrme may also be helpful
1n this respect.

Treatment of Cerebral Cases

Panents with falaparum malara should be watched carefully for
such ngns of 1mpendmg coma as mental doudm‘i non-p
acuons and bed-wettng  If coma develops and the systolic blood
pressure 13 over 100 mm. Hg and the pulse 15 good, travenous
qunme or mtramuscular qumacome or chloroquine may be given
a3 suggested above. This medicaton ean be repeated m 6 to 8 hours
1f oral admunistranon 1 not then feasble. Occanionally m a large
patient or very heavy mnfection the dose 1 repeated after only 4 or
5 hours. If the systohc blood pressure 15 below 100 mm. Hg and
the pulse volume 15 poor then not only speafic therapy but also
intravenous saline, or sull better plasma 15 mdicated, admmustered
rapidly at first. The qumnme medication 1f used may be added ro
the Last 400 mb and wnfecsed slowly

Restlesness and convulsions should be controlled with mtra-
venous pentothal sodium or muramusscular Iummnal sodum. Carduac
fatlure, respiratory obstructton and cerebral oedema should be dealt
with promply x?r:.bcy occur

General Treatment

In sddition to specific therapy 1t may be useful fo seheve headache
and general discomfort with aspinn to admumuster barbiurates as
sodatives, and to keep the bowels open  Patents are confined to
bed duning an acute attack, but the treatment of vivax malana
semyimmune mdividuals does not usually require hospitalizamon.
High fever 1 best attached by the speafic therapy but may also be
relieved by cold sponges and packs not by anapyretics. Fluid meake
should be 3 or 4 litres daly given ntravenomsly if necessary with
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duc atrention to salt requirements Vominng af pemnstent, may be
counteracted by intray cnous § per cent lucosc 1in E‘hynolcyf;lc nc
00400 m! supplemented by 1 mg_ of thumme hydrochlonde for
cach 25 gm onglucmc. Occasionally blood transfusions are uscful
1f anacmia 15 severe.

Dchtious patients must be guarded to prevent self myury More
than one person with severe malama has jumped to death from a
sickroom window or steamer deck

In convalescence, grve a lhigh viamm high protan diet supple-
mented by ferrous sulphate 06 gm (10 gramns) after cach meal for

a month or more as mdtcat

Blackwater Fever

Probably blackwater fever 15 amply malana wath hacmogla-
buuna although the prease relationship has not been proved. The
conditson 15 usually lmited to those who have had repeated intense
nfecnons, most oztm treated poorly with qumine. More recently
blackwater fever has been reported after quinacrme therapy in West
Afnea. Characreristically 1t appeans m the non~-mdigenows popula-
tion of a hughly endemic area where P falapanun predomunates
affecting most commonly sndividuals who have been m the area for
6 months or more. Posmibly some immume reaction wath an
explostve output of haemolysn 13 mvolved m the producton of the
haemolyus, T;d.mg to cxcessive  hacmoglobmema, haemoglo-
binuna, kadney damage, and perhaps renal fadure.

The course of blackwater fever may be from muld to fulmmatng,
with prognoss varymg mn different senes of cases from 10 to 50 per
ccnt probable mortality

As to wreatment, a full counse of chloroqume camoqun or
paludone should be gven if parasiterna 1 present. Quinine
qunacnine and the 8~amnoqumokines should be avowded  Cardio-
vascular falure should be combated and careful attennon pad o
fld ntake and output, mamtaming a proper balance 1f possible
The unne should be kept alkalme, but care 15 requared to avoud an
alkalons. Blood transfusion should not be given n toxic anune
asss but whole blood 8 sometimes hdpg.l m toxc polyunce
Enmts and in the asthenna following blackwater fever  Persons who

ve had blackwater fev er should be advised to stay out of areas where
malana s highly endemic, to avord quinine quinacnne and8 amno-
qunolmes and to tale careful precautions to prevent beng bitten
by Anopheles mosquitoes whenen er they must be 1n endenmic ateas.
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So far as v known malama plamodia of man may develop m
almost any Anopeles but not m other mosqutoes and not in any
other arthro Anophelinc mosquitoes are, therefore, the bio-
logical vectors the defimnve hosts of Plasmoduim vivax malmaee
ﬁﬁn nn and ovale  (The vectors of certan bat and lizard plas-
modia are not known but m the case of the latter mites have

: )

Anophehne mosquitoes have the following posinon among the
arthropods

Phylum—Arthropoda chitinous exoskeleton paired, jomted appen-

Class—Hexapods the insects (over 750 000 species) distinet head,
thorax, and abdomen thorax with 3 segmenn,
bearmng a pair of legs many speciey also possess wings.

Order—Diptera the flies (some 85 000 species) usually a single
pawrof wings on second thoracic segment knobbed hatteres
on third segment sucking mouth parts cgg larva, pupa,
adult stages.

Suborder—Nematocera ﬁs})cndcr bod‘i;bm;n{n_}o:ﬁta:l antennac
adults emerge from pu o L.

Family—Cuhetdae  true mDquu.lg:i and thar near relatives (Chao-
bonnae) narrow sa_lcdthv:.uﬁg;da ¢ larvae and pupac.

Over 1 500 species 1n y

Subfarmly(—CuI/nnae true mosquitoes only fimcional proboscs
which, 1n females of all but a few speces, 15 adapted
to sucking blood wing vens heavily scaled 3 b,
Anophelini Megathunini and Culiam i

Tribe—Arophelini proboscis not ngid scurellum wsually roun
pafp long n both sexes 3 genera, Anopheles Magen 1818
Chagasia Cruz, 1906 and Bironella Theobald, 1905 (Some
400 spectes 1n the tube.)

Gcnm——Anaphljl:s all have rounded scutellum most have spotted
wngs. Scveral subgenera have been descnbed.

Characters of a Malarma Vector

f the

Whae 1t 15 true that a tage of almost any species 0

Anophe/t;lgmus can be mmwxdl plasmodia m laboratory tests
5
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for amumal rather than human blood 13 less apt to propagate human
malana.  Of coune, mdnmarcumst:nogtlltniaybcw
abundant, or 1ty preferred host so scarce, that relanvely large num-
bers are forced to take man s blood. Thus 1t becomes an muswl
vector Again a mosquito that cannot remam alive long enough for
the completion of the sexual development of the plasmodium withm
1ts body cannot become a vector It 1s the mfective, not the merely
infecred, mosquito which menaces man - Thus, length of mosquro
life most be a factor 1n malana transnussion, and no doubt thus
vanes 1 different seasons and places wath temperature and relanve
humidity A species that can renst desiccation better than another
will be more apt to transmut malana 1n relanvely dry ares or

scasoms-

Finally there 15 the varymg susceptibility of mdividual anophe
lines to wnfection, and this depends on hereditary factors and
probably also on biochemical characters of mgested blood and on
the metabolic and nutntional requirements of plasmodia.

Morphology

Some attention must be given to mosqmto morphalogy to
provide a basis for differentiating species for disscetng to find
sporozoites or cocysts and for undenstandmg the natural hustory of
4nopheles

A}:iult anopheline Head thorax and abdomen of an adult
mosquuto are shown diagrammaticalty m Figure 17 Eachal
segment consusts of dorsal plate or fergite a ventral plate, or semute—
both of cluan and connected by a membrmous pletiron
duagram shows antennac ‘palpl proboscis compound eyes wang {only
onc drawn) lhalteres or ‘balancers mesonotum scutellum and Jegs
(only three drawn) Each leg has fenr nbia and s-scgmented farsis
The palpt are about as long as the probosas m all male mosquitocs
and m most female Anopheles o female culiemnes, palpt are much
shorter than proboscis.

Thcmamgmblcpartofthc roboscss 13 called the lebmt mdé:
termimates m & parr of labella. The labum 15 2 sheath for the mou
pares. The latter include labrum 2 parr of mandibles the Igﬁophﬂ);:;
and 2 pair of maxillee These 6 chitmous structures are called g’dm
or collecuvely the fasucle and m females they are nutﬂl*jlm f
penetrating of sk and the suckng of blood. The mandibles an
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mavullac are serrated and sharpened for cutung and preremg The
hypophacynx forms a common salivary tube mto which empty the

X-section proboscrs 5 Proboscis dissected

B M head and eppendages v aneenna om cye hy hypopharyn
| bvom L Lbcum § p Lbvancppian mn masdble o maall p proboxn
Pl palpn (Afier R Wen Manwell, Prates! Melnology W B Saundens Co
Phladcipbia, 1546 )

ducts from the two salivary glands. Mosquito mouth parts are
illustrated 1n Fgures 1719

The wings have charactensuc venanon shown i Figure 20
Arrangement and colour of the scales on wings palpy, legs and on
the body may be useful m clasafication of specses.

The termunal segments of the abdomen are modified for iurposa
of maong and m the female also for oviponang The male
characters are useful in axonomy  (Sec Figure 31 )

The ahmentary tract of a female mosquito 15 shown 1n —
Note the pharyugeal pump that creates suction which, added to a
possble caprllary draws the ld meal through the hbrum
A saluary prnp forecs saliva down the hypopharynx. Also drawn
mn Figure ... are the dorsal or oesophageal diverticunla sometimes mus-
taken for salvary glands There 15 3 thied or ventral diverticulum
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for ammal rather than human blood 15 less apt to ropagate human
malaria.  Of course, mdcrc:mmarcumf.’mncgsltmzybcm
abundant, or s preferred host 30 scarce, that relanvely large nm-
bers arc forced to take man s blood. Thus 1t becomes an unusual
vector  Again, a mosquito that cannot remam alive long enough for
the completion of the sexual development of the plasmodium withm
165 body cannot become 2 vector It 1s the mfective, not the merely
wnfected, mosquito which menaces man, Thus ] of mosquito
ltfe must be a factor 1n malana transmssion, and no doubt tus
varies 1 different seasons and places wath temperature and relatve
humtdity A species that can resist desiccanion better than another
will be more apt to transmut malana 1 relanvely dry aress or
$Cas0Ns.

Finally there 1s the varymg susceptibility of mdividual anophe
lines to infecuon and ths depends on hereditary factors and
probably also on biochemical characters of ingested blood and on
the metabolic and nutntional requirements of plasmodia.

Morphology

Some attention must be given to mosquito morphology to
provide a basis for differentanung species, for dissectmg to find
sporozoites or obcysts and for understanding the natural hutory of
Anopheles

Adult anopheline Head thorax and abdomen of an adult
mosquito are shown dizgrammatically mn Figure 17 Each abdommal
scgment consists of dorsal plate or tergite a ventral plate, or stermite—
both of cluon and connected by a membranous pleuron.
diagram shows antennae palpi proboscls compound eyes wing (only
onc drawn) halteres or balancers, mesonotm sentelln and
(onlv three drawn) Each leg has femr nbia and s-segmented tarss.
The palp: are about as long as the proboscs in all male mosqu-ll;f';
and m most female Anopheles. In female culicmes, palpr are m

rter than proboscs.

’hoT‘hc mamn gmblc part of the proboscs 1s called the lablum mdé:
termunates m a parr of labella The labium 15 a sheath for the moa!
parts. The Latter mclude labrim a par of mandibles the ’ZﬁOPI'%
anda of maxillae These 6 chitmous structures are called "ldm
or comlcrtrvcl the fasacle and m females they are smtctli)lto s
penctratmg of skm and the sucking of blood. The mandibles an
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maallae arc serrated and sharpened for cutemg and preremg The
hypopharynx forms a common sahvary tube into which empty the

X-section proboscis 5 Proboscis dissected

Fic 18 Mowuno bead xnd sppendipes an sotmna  compousd eye y hypophicys
| Libnem Lo el Tep 1o madbh = maaaha P froboscs

ol pen (e Rumell, e, Mol Procwad Voanoiogs W D Stunders Co
Phladeiphsa, 1946 )

ducts from the two salvary glands. Mosquito mouth parts are
tlustrated 1n Figures 17-19

The wmgs have charactensuc venation shown in Figure 20,
Armangement and colour of the scales on wings, palpt legs and on
the body may be useful in classfication of species.

The termmal segments of the abdomen are modified for purposes
of maung and, m the female, abso for oviponting  The male
characters are useful m taxonomy  (See Figure o1 )

The alumentary troct of a female mosquito 15 shown 1n Figure .2,
Note the pharyngeal pumnp that creates suction wiuch, added 1o 2
posnble capillary pressure draws the fiwnd meal through the Librum,
A saltt ary pump }Ercs saliva down the hypopharynx. Also drann
m Figure -2 are the dorsal or ovsophageal dierticula somenmes mys-
taken for salivary glands. There 18 a thied or ventral di erclum



58 MALARIA

sometumes confused wath the stomach. The finction of these
diverticula, which appear as ghstenmg hyzline sace, sometimes
referred to 23 the msects aop 1 nat known,
aldhough they seem to tale up any arr swallowed
with the food. The pared salwary glands are m
the anterior veneral part of the thorax. Fach
has 3 and sometimes 4 lobes. Fore- mid- and
hund-gut as well as rectum may be differentiated.
Blood digestion and the early sexual stages of
development of plasmodia occur m the mid
gut, which s also known as the stomack
Obcysts and sporozostes develop on the wall of
this organ.

There arc 3 gonads, ovanes or festes m the
posterior part ofsfhc body cawity In the female
there 18 2 spermatheca which 13 2 globubar
ety o'y, structure lymg withm the erghth abdommal

tean ¢ 4 4 P'll;’ segment. In tlns sac the spermatozoa are stored
gmm:ﬁi‘ffa{aﬁcr the msect has mated. Durmg the hfe of

T e the fomale the cells from a smgle matmg
Lehrbuch dey Extomslogie D2y femam ahive i sufficent numbers to
Joa, 1523) fertlire all the batches of eggs which marure.

Anophelme The eggs of Anopheles are [aid singly on water
They ag: shapcdeghguuy boats or mnopa pomted but with the head
end a little wider  The mean length, after some growth m the finst
24 hours, 15 zbout 05 mm—a Just visble to sharp eyes

23) The gunwale edge of the egg 15 2 more or less stmated
(E%mszhmh may or may not be contmuous. There are abo cell-ike
floats opposte the mid pornon on each nde, and made up of
transparent exochorton. The endochorion 15 also transparent at
first, but soon darkens, and the grey exochorion forms a pattetn
agamst the brownsh-black endochorton wiuch 15 the mner wall, os
egg shell. Thus partern may be useful m speces differentianion So
too egg contours may be unique in some specics

Anophelino larva Mosquito larvae (‘wiggless or wrgglens’)
have distnct head, thorax, and abdomen, Each of these sections
carmes hairs many of which are weful 1n xonomy Figl}ﬂt 1[4
shows the following 1mportant hairs outer cypeal “mner :yp;:d
pastenior clypeal antemal subantennial sub-basal ol outer wcapi
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ans-sutural and mwer ocapital or sutural In Figure 2§ arc shown
am thoraaic hairs numbered according to standard and well-

Fic M Upper diagmim, wang of Amophees ﬂm'n'nmi ensnon Her humenal crom-
on C ot S subcostz P pevokeof em2 121022341 42,5) 52, mnd 6, thee
e the Jongrmadmal voan md thar branchas The wing celbs sre named m the diagram
Lowcr drawmg. wing of 1 parbue dowratng dugrosts wmg pots Pdespots H H Hy
msm,«ammmwr 4 piad pot 4x,
accrwony sector spot Dark per 1M, bana) darh spot M4, medsin dark ot Pad, preapyeal
dard spox Ad, spaal dark spox
I%Aﬁufhnmdkmuwwm American Entomsologaal Soocty Philadeiphn,

known practice among mxonomiss The same 1 true of Figure 26
which xE:w; abdomu%al hairs.

Other morphological points about the larva are the smple
dhmrm’ and the specalized candal segiments On the latter
culicme ¢ carry a more or less conspicuous breathing syphon not
present m anopheline larvac which, however have the wsual two
spiracular openings Jeadmg 1o the fracese (Figure 27)

It may also be noted that larvae have conprcuous mouth brushes
which by oscillatory movements sweep food partcles o the
mouth. The body normally Les paraliel to andpjust beneath the
water surfice  In order to feed at the turface the larva rotates 1ts
head 180 Cuhane larvac hang head downwards and generally
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= en N heenl iew  (After Ruwell Roseboom,
omatogrcal docet Th

Tre 24 Head f

] thowing haln 1 1
2« ooy dypeal 3 outer lypeal 4 pocrrior 1 5mnm?umn16‘ D
7 ovter fronmal 8 mner ocay 9 ot 10 termunal hat 11 antennal
K&MM U‘;h:(mmnd: fcp-x'r:.rualﬁlz‘: 14 nrbaull{hlr {Afrer
ewell, Romchoom Ky o the Mospuecs of the 1) orld,
Ent Phulsdelphu, 1943)
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feed on sub-surface
paracles.  Another pomt of
mosquito larvae undergo 3 ecdyses when they xhccl1Itlht:rmzﬂnl-:m[i]:::t

MALARIA

pennes punctulatus and tarsimaculatus

Anopheline pupa The pupa or tumbler requres hrde detailed
descuiption here. Attennon 13 called to the conspicuous funncl-
;h:pc\s respiratory trumpets on the head (not tal, asin larva) - Certam
pupal hatrs are sometimes used for taxonomuc purposes.
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Clasufication

The followmg hey wall help to separate Anaplicles adults from

other mosquitocs and fhies

1 Wing venation as m Figure .0 wmg veins have scales
attached mouth partslong tubular and adapted for piereng 2
Without this combination of characters

2. Female palpus almost as long as probosas {except m Brron
ella) abdomen never enurely covered with saales often
nearly bare (lateral or ventral scale tufts may be prosent)
scutclium crescent=shaped (cxcept m Chagasia) wath cvenly~
distibuted marginal hairs Tnbe Anophelini

Lenes lirva T ro IF abadominal

ke 10 P T powerior tergal plate of v
?Mlmﬂthmo‘mmm bdammnal ol bhaur lntthah’

lteral bur Uneamed haus wre cferredt b sumbens. (Afier Rom, bn Ruscll, Rooe
ine Moapasors of the 15 oeid. Amercen Entomelogical

=
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Female palpus much shorter than proboscis abdomen with
both tergites and stermites densely covered wath flat scales
scutellum usually trilobed 4
3 Not m the Culidnae sub-famil
4. Mosquitoes not m the mzapllean tobe.

The following key separates anopheline larvac from other
aquatic msect larvae
1 Head m a distnct capsule 2
Head not clearly disunct from other body scgments
2 Three thoractc segments fused to form a more or less ditated
mass considerably wider than any abdommal segment 3
Three thoracic segments distinctly annulated or segmented,
cach havmg general appearance of an abdommal scgment
3 Antennac not fitted for grasping and not eqmpped with long

-

stout apical spmes
Antennae fitted for grasping and equipped with long stout
apical spines

4. No clongated air-tube syphon Tnbe Anophelui

Elongated air-tube syphon which 15 at Jeast as long as 1t 15
broad and 15 Jocated on aghth abdommal segment

Tnbe Megarhinint or Culiini
Not 1n Culicidae family

Not in Cultetnf sub-famly

Physiology
Anophelme larvae and pupac require atmosphenc oxygen and
are upﬁymtcd 1f they cannot obtamn 1t. Some Crilex larvac can take
enough dissolved o through therr skin to survive m well-
acrated water even z?:mthc mcEmc are plugged with 2 non-toxc

ol
Mosquito pupae, although very active, do not feed  Larvac ke
a mufzg dlctpongross andugscmscoplc food particles varymg m sze
from about 30 to 100 mucrons m dumeter Bactera, mfusona
algac, and other materal without much apparent selection are
swept m by the mouth brushes. Larvac can utilize collods or
nutrients m solumon provided the necessary viramms snd mmeral
ts are present.
nIAdu.lt%cm_ﬂc mosqutoes normally feed on blood  The amount
of blood taken depends somewhat on size of msect and 1ts develop-
ment  As cxamples, albipanus 3 small mosquito 1s reported 0

=N
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average from o8 to 13 mg meal while guadnmaculanis may
ke up to 3 . mg and probably averages about 2 § mg In onc st
of measurements mJ-: the Ln—:;mcd

cs, the virgms  meals averaged = 7
;}1?, while Lhoscm:f the gravd mdindusks
averaged .comg  The body waghts before
feedmg averaged 173 mg and .65 mo
rapectich  Blood meals arc completely
digested m from . days to . wecks
depending on temperature. The meect
absorbs the globin but excretes the haeme
of the hacmoglobin

The nature of mosquito saliva 18 not
well known but 1t may contan substances
wheh sumubate cpllany dilaton  or
which slow coagulaton ~ There 18 an
immedute allergic response ns
who have bo;rg]scnnuzcd UmcnP:::cd
and de-senuitized individuals do not have
the wmml mosquito-bate  reaction The
substances causing this response seem to
be hughly speafic for different mosquitocs.
There may also be a delayed papular
reacion duc 1t scems, to a slow acting
toxm-—not to scnsinzation.

Insects have a complex of enzyme
systerus about which hude 15 known For
instance, tyrosmase sccms to aid n the
formation of cuncle and the deposiion of e wp *
melanc particles, But tyrosinase represents £ 40 rot gt
oaly one uﬁcct of the subject. Why for glod g murcle sk,
mitance, will all stages of P wnt ax normally %gmach e tachae ot
be completely dipested by Aedes acgypti W b Siden Co 155

casgametocytesof P gallinacenmtahen  mobfied fom Boumee, 196,
mnto the gut of the same nsect will not
:tmdi%md but will be sumulated to proceed wath sexual develop-

Adult male mosquitoes normally fecd on plant juices. They are
umable to penetrate skin but can be made to suck qud bloo?m a
Lboratory Both males and females wall dcvc]oP on a diet of sugar
and waer But on such a diet most females will not mature ther
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average from 0'8 to 13 mg meal while quadrimaarlatus may
take up to 3 . mg and probably averages about 2 5 mg In one set
of measurements with the last :étmcd
speacs, the ns meals av 27
rfxga while thv;%‘of the gravid cr:ﬁwdluk
averaged comg  The body waights before
feeding averaged 173 mg and . 65 mﬁ
respectively  Blood meals are completely
digested 1 from - davs to 2 woeks
depending on temperature  The insect
absorbs Lﬁc globm but excretes the hacme
of the hacmoglobin

The mature of mosquto sabva 1 not
well known but 1t may contan substances
which somulate capllay dilabon  or
which slow coagulation = There 15 an
immediate  allergic response 1 persons
who have been sensitized.  Unsensitized
and de-senutized mdividuals do not have
the usmal mosquito-bite reaction  The
substances causmg this response seem 1o
be hughly speaific for different mosquitoes
There may also be a delayed papular
reaction due, 1t seems, to a slow acting
toxIn—not to senstization. gram of cortam mternal

Insects have a complex of cnzymcB’*jh"""m"“’ﬂmEI
systems about which little 15 known. For € croa secuon through
mstance  tyrosnase seems to aid m the TP P qom =ehon
formanon of cutcle and the depostionof  + w
melame parncles Bunt tyrosinase represents B e =t
only one of the subject. Why for ninuy snd o
tnstance, will all stages of P 11 ax normally m:d] b

w

be completely digested by Ardes acgypti
whercaspametocytesof P gallinatetm taken
mnto the put of the same mseet will not
bn::%cmd but wll be sumulated to proceed with sexual devclop-
t

Adult male mosquitoes normally feed on plant juices They are
unable to pcncmot?xhn but can b)c' made m};uck quid 510031-“ a
Lboratory Both males and females wall den :lop on a dict of sucar
and water  But on such a diet most ferales wall not mature their
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eggs. With some few tions blood meals are r:?umﬂ 158
quito species may react differently to vanous kmds of blood ey
by laymg more cggs while on 2 dict of rabbut blood, for me,
than when fecding on human blood. No one bas susfacods
explained this or most other as of the metabolism of mosqanes.
As cooler weather approaches in remperate chmares, fomds
some anopheline species prepare for hibernason by developmg f¢
bodies mnstead of eggs. This has been called gonotrophu discoom,
and the penod of reproductive mactrvity the digpase
Mosquitocs arc well cquipped with sensory organs o that
appear to perecyve light and dard, some measure of form degron
heat and cold, certain ranges of hunudity and 2 number of odous

Natural History
Under natural summer or hot climate condrtions, most anopbént
eggs hatch within & to 3 days of ovipostion However the st

ur-,c_zs Brecding place of A meperpius n Albacis.

I
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pensh 1f they are removed from water or arc not permutted to ha
therr breathmg spiracles 1n contact with arr v

Environment Vanous anophelme species differ greatly m therr
relavons to the environmental characters of therr larval habat.
Chemustry and plankton of water 1ts temperature and movement,
the flora and fauna and the degree of sunlight—all have importance.
No doubt preferential breeding habits stem much more from the
ovipositing msuncts of the adult females than from the behaviour
pattemns of the larvae, but generally they are deseribed m relation
to the latter  For mstance such larvae as those of qudant m the
Umnited States are usually collected m actd water while other
larvae, like thosc of pincipenms m the same areas, are mostly taken
from alkalne waters. Agan speaes like arliafaces in Inda oco
normally m fresh water others, like sundaicus 2lso m Inda, m
brackish water with a salimity of some § to 8 per 1000 and
sull others such as multicolor m Egypt, are frequently found m
water contammng as much as 3§ parts per [ 000—saltier than the se
(The concentration of salts m sca water averages about 33 3 parts
per 1000) But some noi fresh water speaes bke faraun m
the New Hebndes wall be found m strongly brackish water at nmes.
So too while as a general rule Anoplieles larvae are found m clean
water sometimes those of subpictus for example, are abundant m
such polluted places as pig or buffalo wallows, usually harbourmg
only Culex species. Some like darfingi m Brazl, scem to rclm
water with an oxygen content of 6-5 to 95 p p m. whereas others,
hkc:rraddmthcsamcmgtou,mﬂdo&u}ywzﬂarmomof
16 p p-m.—a low figure wiuch, however does not disturb certam
Culex species

Temperature of water of larval habitat 15 an important factor
altho of course, one must remember that the pnnapal environ
mental components mteract so that m nature 1¢ 13 scdom possible to
descnibe 2 single factor as completely deinive i 165 influence. H;r:
ever different Anoplheles apparenily have different rones of prefe
or of most favourable water temperatures, and these preferencs
may affect dismbuton. Somenmes shght differences are no
For cxample, 1t appears that the most favourzble water tem gﬂ(flc
for atro, umla.ill:rsmaltcmauonofzs C. (77 F)’-ﬂé? 3
(86° F) while for labranchice m the same country 3t 15 35 G- 31
35°C. (o5 F) In other cases the difference 15 marked zidbﬁ“’d“:
the Indian species glgas gigas always 1 cool water at hgh alrtw
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and tanma m warm lowland pool water Limuting temperatures
vary considerably  For mstance larvac of clatiger in Europe and

Fic ¥ Breodmg place of 4 sorszen m Java

punctipenms m Amenica may be taken from water under ice but
they are hilled of frozen, wnhle certam Chlev speaies such as the
North Amencn Wyeompia suthn whose larvac hibernate m 1ce
m pitcher plants. The thermal death pomnt of anopheline larvae may
vary shehtly by speacs. It has been recorded at 42 C (107:6° F)
for gamiiar and probably few if any speaes could survive any
higher temperature.  All anopheline larvac tend to develop more
rapudly at higher than at lower temperatures but m some cases as
with stephenst 1n India, when the water temperature 1s mameained
at 37 C. (986 F) the larvac having grown rapudly die before
pupating
Some larvae, like those of plulippiensis in India, are not usually
found 1n nmnmg water while others like mnnmus are usnally found
in_ streams, although in places where the effects of the current,
whatever these nuay be, are mdirect. No anophelme larvac can
withstand currents much m excess of about -9 ft. per second,
and the stream breeders scem no more capable m this respect than
the pool breeders,
relanen of emergent, floatng and sub ed veperation to
anopheline larval madence and dmgl’\ has h:dm;r&rh study A few
3;[:6 of plmts seem to be actually mmical to larval breeding or
to be indicators of unfavourable condmons. For imnstance
quadnmaculams i Amenca 15 seldom found m assocuation wath the
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plant called water-shueld (Brasema) In Indm a dense growth of
duckweed (Wolffia) may completely mhubt mosquito h:gv:c, hile
. 2 growth of Puhophora often
: B 2ppeans to favour t}f: develop-
H ment of ailiafaces There are 2
few specual relanonships as, for
example 1n the case of bellaror
erzi and homuneulus m Brazl
and Trmidad, found m water m
the leaf axils of certan speacs
of epiphytic bromehads growmg
high up on trees or near the
ground attached to rocks. Some
anophelines like barberi in
Amenca, plumbens in Sardmia,
and aihaforms m Indua are found
only 1n the water of tree holes

The fauna of a mosquito
breedmg place may be of mtcrest
FSY afitmell xuchmnn‘al;.nc;mﬂ

Fic. 31 Breedmg of A mimws of larvac as the top feeding
favicegtris m Palawan, ltaphllrppm. minnows (Gmnbu.r]a) gr 28 some
predaceons msect larvae hke those of certam Megarhunus (Toxorhyn-
chites) Lutzia Armigeres and Psorophora mosquitocs, and of dragon-
fly and dytiscad-beetle larvac.

As regards sunlight, some Anopheles larvac such as pattomt m
Chma and marulatus m Malaya, seem to be strongly heliophilc
(sundoving ) Others, like nmbrosus m Malaya and lencosphyms m
Bomeo are strongly hcliophobic (sun-feanng) The rest,
culicifacies and stephenss m India, appear about as frequently m
moderate shade as 1n bright sunhght. Indeed, stephensy larvae may
be found 1n a sunny roof-top collection of very warm watet and m
a dark cstern of cold water 1 the same bulding on the same da
Hehophobic larvae transplanted to sunny places and heliophubic
larvae to shaded water scem to develop normally

Growth The rate of growth of larvac probably dcpcndil;:
temperature plus mherent or genenc characters of speas plos
condinons of the larval habitat, specally m regard to food supply
In the tropics and 1 hot summer weather 1n sub-tropic and tem-
perate regions, most anophelines will go through the larval stage m
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from 8 10 12 days. Occasonally as with auliqfactes m Madras 1n
some breeding places the larval stage has been as short as 6 days

frc 3L

Amopheler W ter dkonmed from wetfice then povred towly
mmnammkﬁqf‘x\d Egps apperr 0 typeaal dark pocks md are tram-

fe w cottoa i sl sub

Under cooler conditions the larval period may be much longer
indeed, 1t may last all winter as often wath claviger 1n Europe.

Clasnification of larval habitats  Larval habiats may be con
vemently dassified as follows

I Permanent or semi-permanent standing fresh water

1
2
3
4
)
6

7

Large manshes, or manhy zones 1n lakes.
Small ponds, pools, borrow pits, stagnant canals and ditches,
Spnng-fed pools such as me sinks hot sprmgs and

scepages.

Suanding agncultural water asin nice fields, date plantanons
or m waste overflow collections.

Wells.

Swamps. These differ from manhes 1n being inundated
forest rather than mundated open country

Forest pools. Differ from other Is 1n bang well-
shaded Fee &

1 Transiens fresh water ground pools

Open poals asin fields or stagnant stream beds.

2. Tools in cart tracks, hoof prints and the hke.
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HI Permuanent or semi-permanent runmng fresh w ater
1 Open streams 1n assocation with vegetation.
2 Open gravel stream beds.
3 Canals and ditches.
4. Forest streams
IV Container habitats
1 Rock holes
2. Tree holes.
3 Speaial plant association as bellator in epiphytic bromeliads.
4. Contaners such as shells gurters, tins.
s Crab holes and mud cracks (sometimes brackuh)
V' Brackish water
1 Brackish marshes ponds, and swamps, not adal.
. Tidal swamps.
3 Small accumulations of brackish water such as cases poals.

Larval behaviour Larvae move by jerks of thar bodies and by
propulsion of therr mouth brushes, mi they travel tal foremost.
Some anopheline larvac have been reported to crawl a few cenn-
metres on surfaces which do not absorb motsture, as. for cxample,

T d B i

Fro 33 Collecting Asephekes larvac in  borrow ph, using long-handied deppere

on wet mud from one hoof print to another after the first had
become nearly dry
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At rest, anopheline larvae almost nvanably are found suspended
from the surface film and parallel to 1t touching surface debris or
vegetation at the edge ot the breeding place. Somctimes the
parucles to which they ching ate not mugl arger than themsclves
This tendency to contact something has been referred to as thigmo-
fropisin or thigmotaxss but 15 probably less a tropism than a mechan
1aal effect which any larva-nized particle might exhubit. Larvae dive
when sumulated by sudden mercase or dimmuton m light, or by a
jarong effect. They may exhibat letisinmlation at the bottom or
simple words, they may scem to faign death holding a quict, ngid

For mstance 1t 15 sometnmes difficult to tell which darlingi
mc n a collecting dipper are dead and which are playing
possum  There are species differences 1n such behaviour patterns
as well as 1n onentation to hight, current, temperature, and ﬁn’uml
sumuli.

The Pupa

Mosg\mo tumblers are the most acave of all msect p They
respond quickly to such samult as hght changes ramdrops, and
wibrations, mcluding those of sound. When un bed, they tend
to remam quietly m one spot as they have no reason to move. No
food 15 taken during the pupal stage which normally lasts 1§ to
3 days. In onc senes of cxpenments, mitimus pupac i Bengal
matured 1n 108 hours at 16° C (608 F) 66hoursat20 C (68 F)
4« hours at 24 C (752 F) and 30 houns at 30 C (86° F) At
35 C (95 F) the pupac faled to become adults. At 117 C
(53 F) quadnmaculams pupal stages lasted nearly 310 houss and
below this temperatuee there wat no development.  Anophelme
pupac do not hubernate, and they are destroyed by freezng or
£

Larvae are heavier than water but pupac hghter  The larter dive
by forang themselves down m a senes of somersaults most speces
nsng immedately they become quiet  Some speaes, such as
albunamis 1 Panama, pupate y by day whie others like
mrd'utv{numanu appear to do so mostly at mght” Erlasion or emergence
of adults from pupac 15 usually by day and 1 some specres this
usually takes place at 3 given ome of day

As emergence ume approaches air appears between the now fully-
developed fimage and 1ts enclosng pupal skin gaving the pupa a
nl\r:?' appearance  The adult msect escapes s:rough 2 medun
doral spht swallowmg air which tends to soughten the abdomen
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and to make 1t more ngid  The process of extrcation takes some
2 or 3 munutes, mdthcmmmaythmrutonchcgupalmcor

j .
Bic. 34 Collecung Amopher adnlt from
fhon feam m Pakbstan., (Courtery Woeld Health

nearby vegetation for several hours before flymg away Durmg
this time the mtegument becomes hard and dry The E:ood of
emergence 13 somewhat cancal, and such unfavourable 13 as
wave action or ramdrops may result m death of the msect by drown-
mg while entangled i the pupal case.

The Adult

Environment Anopheles species also differ greatly m therr aduk
environmental preferences  Some, like avlidfacies 1n India, Eﬁ
open country others such as umbrosus m 2, arc most often 1n
mangrove jungle or lke lencosphyrus are in forest Junglc still
others like stephensi m Bombay are hughly urbanized an bve 1n
human habitations. Some, as for mstance, bananensis m Indm,
range from $5000 to 8 000 feet, or like gigas baileyi m Tibet or
pseudopunctipennis m South Amencz, may range even higher Others
stay mostly m the foothulls, Fluwiatilis for example, ranges n Indsa
between 1 0002nd § 000 fect. Others, like fitoralts m the Phihppmes,
remain 1 low seande areas or like philippinenss m prefer

of cowhed. Wodd Health Organizs-
Mabariz Section.)
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flat, mland country Al speaies may at times be found m wn
expected places, but most seem to have certain well-marked haunts
Rmdnibchawour So too there are vamations mn daynme
restmg habits of anophcline adults although most scem to prefer
quet, shady and shghey humud places ~Some, bke walkerd m
Amenca, rest on vegetaton or like prmefipennis  sometimes 1
hollow trec-trumks.  Others prefer natural, damp carthy places
such as the undercuts m stream banks often sclected by mumsmis
fartrosrris i the Philippmes. Many speaies, like cdans i the
Umited States are found m such places as culverts and under bridges.
Others frequent anumal shelters for mstance, atropan us n Portugal
seems to prefer rabbit hutches, and messear 1 Tuly 13 common m
cowtheds. Houses and outbuildmgs attract many anophelmes. For
example fimestus m Africa gocs directly to such a place after emer
gence, and docs not leave untl 1t has fed and has matured 163 finst
batch of cgps. Some speacs, like quadnmacilatus m Amenca are
found m a vanety of places, includmg tree-trunks culverts stables,
under and mside houses. Some specics scem to prefer dark and
others fardy hght resung El:lcu cg ﬂuum]llh: m Indu and
superpictus m Greeee Some hke hyreanus pseudopictus
mPIenrpdu tend to rest 1;:me1‘{& while Od]tﬂ,)i’lrkc ruli:faarf arc
more apt 1o be on calings or ngh on walls. Some, bke albimansis
m Puerto Ruco appear seeretive and are not casily collected m thar
dayume rcmngé:hca. which may be on sugar-canc stalks near the
ground, Some forest anophelmes, like boliviensis in Colombra, scem
to prefer upper levels and are often m the forest canopy while
others, like gambiae m Afnca, tend to remain at ground levels,
Feeding behavioor Most anopheline adults are quiet by day
and active at rught. Some, like bellator and cruzt 1 Brazil or afropos
m the United States, will feed day or mght. Some speces like
ailiafaaes m India, are lar as well as nocturnal  becomung
actve m early evenmg others ke maculats 1 Malava, are more
{ensurely andLgm thar mghtly prowlng about 9 p m. while sall
others, Like mirmmis flavirosms 1 the Phulippmes and gambiee
Afnca, seem most acuve after 11 pa. Fimestus also 1 Afnca,
tends to enter howses between - am and dawn Some otherwise
fully noctumal anophelines wall behave on dark, damp davs like
diumal Acdes Anopheline females genenally take a blood meal the
mght after emergence but they may delay m cooler weather Some
anopheimes, like bellator m Tromdad wall only feed out of doors,
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but most vectors feed as a rule made habianons. Most

helmes
feed manly at ground level, but certam potential y:llllsg' fever
vectors ke Aedes africanus uswally attack only at tree-top levels.

m _4....5‘.. /

Fic. 35 Collecting adalts of A wiwtwns flavirestris which In the daydme In
mmuﬂd:dmahmdmmmﬂmbrmﬂn;phcu. = dny

The samuls attractmg 2 female mosquito to 1ts host melude colour
and movement, temperature, and moisture, posubly CO, tension
and, perhaps to a small degree smell  Anophelmes seem to bite
nto black more than white they will not usually attack skin which
15 below 28 C (834 F) and they come much more readily to
moust than to dry surfaces. Optumum temperature preference scems
to be about 34 C (932° F) and rclative humuidity 70 1o 85 per
cent. The odours of sweat and of unne are not attractants.

Then there are well marked host preferences among the Anopheles
speaies, For example, m the so-clled maailipennis complex of
species m Europe  maculipennis maculipennls messeae and subalptnus
are sttongly attracted to cattle Wb.v.f:":ﬂvpmwu labranchize and
sacliaron have a shght preference for man and mbbit, bur will go
readily to other animals, including cows. AMinimus flat irostns which
3 an important malana vector m the Philippines scems attracted
about equally to man and to water buffaloss. But preapiun test
on bloza meals of ashafacies and fluviatilis nomble vectors m India,
indicate that the former takes blood from catdle some 9o per cent
and from man about 10 per cent of the tme while these percentages
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longer of course than the cffective Slight renge  The latter
g place that the female

refers to the distance from a

HG. 36. A mud-thatched trap for adult Anapheler, It s barted at night with an anim

given spectes travel i numbers sufficent to mampam ende
mafana or to cause an epidemic. For mstance mdividual gand
mosquitoes may be collected as much as 3 or 4 mules from d
b g places, but generally of gombize larvae are controlled fc
distance of only 1 mile (16 km.) from the perphery of a toy
then malana ransmusion will cease withm that town Funestus |
been shown to fly as much as 4 5 mules (7. km.) bur its effect
flight range rarcly excecds 2 mules (3. km) Wind may be

mportant factor m the distnbutton of adult anophelmes. F
cxzmple, 3 prevating wmd may result in most of the output frc
a breeding place flymg as a rule i a given direction. In other cas
wmd may anophelmes and other mosquitocs many miles

m the case ;?‘;mems taken at ames by a strong north-cast wn
for more than 20 mules across absolute desert. Forest or mounta
barrier density of 2 grven species n 2 given arca_availability as
dustribution of food supply for the msect, location of preferred wat
for oviposition, genetic anctcﬂ—»aH of these and doubdess oth
factors may wnfluence flight range. In genersl, anc may say that
the tropics malama vectors rarely have a greater cffectve figl
ra.ugcrgu.nzmﬂcs(szkm) and usmally not over 1 mie {1
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km) But in temperate zones 1t 18 common to find that this range
extends for 2 and sometimes for 3 nules (33-48 km) Loaal
evalmton of the effective flight range 1s always advisable m planming
control operations.

Scasonal flights of anophelines over several miles have been noted
For mstance prehibernation flights of sacharoti m Palestine may
cover up to 8 7 mles (14 km ) Shorter postdubemation flights have
been noted m the case of maaidipennis frecbomt m Amenca

Swarmuing and mating In most Anopheles speaes there 1
swarmmg of males—a nuptial dance—pror to matmg  The
phenomenon generally docs not begm unul hght intensity 13 270 ft.
candles or less, and lc wind veloaty something on the order of
w00 ft. per mmute, The swarming generally ccases after 20 to
30 minutes. It may mvolve some 0 or less to perhaps s00 or more
males. From time to time a female enters the swarm and qurckly
cmerpes united to 2 male  The pairs tend to fall to the ground, or
to rest of1 a nearby surface and soon scparate

Certam species such as stephensi stephenst wall mate m a small
lintem clumney cage without swarmmng  Other species, like
fluvianlis requure a space of at least 2 fi. by 2 fr. and sull other
species, like auliafenes wall not mate unless there 1s room for male

swarmmg

Not only docs the male swarm produce a charactenstic hummung
sound audible to the human car but the individual mosquitoes have
matng alls maudible to man but which have been magmfied
several million imes and recorded on phonograph discs. The males
and females of each species appear to have disnnctive tonal emana-
wons which mught be uscfufl.n clasnfymg doubtful speacy. The
rebroadeast call of a mngle female wall cause the males of the 1ame
speaies to bunt mnto an answenng chorus.

Ovwiponition  Anopheles females lay their eggs wsually at mghe
and, as 2 rule, nngly or m loose groups always on water In some
speaes, as m mulicoler the female rests on the surface film or on
some floating debns while ovipontmg  Other speaes, ke alia-
Jaaes oviposit while hovening a foot or less aboy e the water surface
Such species wall not oviposit where emergent vegetauon such as
rice plants, are tall enough to interfere wath the hoverng ovipontion
dance.  Some speaics touch the water from ume to ume dunng
oviponttion others do not. In many species the females have well-
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marked tropisms which send them, with remarkable consency to
ristic types of water collecnons to ovipost.

Technigues

General Withm the compass of these lectures 1¢ 15 imposble to
describe the numerous and mterestmyg techmques whereby Anopheles
masqaitoes are located m ther several stages m nature, ate co
and transported to the baboratory are mampulated and colonized,
are exammed for determmanon of mfection indices of source of
blood meal or of age of adult, and how they are motnted m coflec
tions  Nor will space permut 2 discusson of the strategy and logisucs
of rescarch m problems of mosquito behaviour Here 1t mast suffice
to make 2 few gencral smiements and to descnbe dissection of gut
and glands.

Pti:m:l field methods melude specal ways of usmg cloth geves
to detect mosquto eggs vanous types of dippers, nets, pic platcs,

Fro 37 The EarleM cusbbe map for adalt davpheks Tt o haleed st nighe
with an smmat such 1 pory c0% of Fig

bes
mosquuto Larvae and pupae, sucoon U
at‘:f mﬁrﬁﬁqu and diverse gear for tanspartng
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dead and living mseets. So too there arc traps which are specually
designed as attractive daytime resting places or which use hght, or
amimal bait. Some can be attached to windows to catch anophelines
entermg or leaving a house

In wmg such cqupment for obtanmg mosquitoes onc tres
always to conform so far as possible to the natural behaviour of the
msect. Thus, m dipping for larvac m epiphyuc plants seepages,
borrow pits, marshes, or wells and 1n collecting adults resting on
vegetanon under brdges, in houses or i ammal sheds one will
wsc that techmque which consutently grves the best resules, standard
mng the procedures as much as possible. Enthunasm and perse~
verance as well as the ability to see the world from the pomnt of
view of the mosquito arc necdful atmbutes. Good maps well
planned collecting stations, adequate samplmg  practical records
and careful analyses are all important 1 mosquito surveys, whether
for rescarch purposes or for outlinmg the cpidemiology of malana
m an area, or for measurement of mosquito control results  Finally
as more than onc malanologast has sud, sun-loving anophelines are
not effectrvely sampled by shade-lovig personnel, nor can aquanc
Larvae be adequately scouted by dry-footed collectors

In the Laboratory there are eanly leamned methods for separaung
certam closely-related speacs by means of egg charactens. One
should abo learn how to recognize hairs scales and vems m order
to use taxonomic keys for larvae pupae, and adults also how to
dussect and recogmize the male genttabia m order to 1denufy specics
otherwie not distmgunshable. So too onc early learns how to
dsseet the gut and salivary glands of female mosquitoes and how to
recogize malana odcysts and sporozotes. (See Figure 49) Also
one leams how to dusect the reproductive system mn order to
determme approxmate age of msect. Finally the Rice-Barber
preapian test 13 useful to determme what species of hest ammal
provided the blood meal of a mosquito

Much has been wnitten about handling and reanng mosquitoes 1n
the laboratory for confirmation of species for obtanmg good
speamens to mount, or for experimental use  Insectary methods
are now hughly developed.

Dissection of m to stomach Disecung the female
mosquito stomach to find odicysts and sporozontes 15 nerther
comphcated nor difficult but of coune requures pracuce as well as
ability to recogruze the plasmodia. The first step having killed the
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msect with chloroform, COQ, ethrum spray or some
agent, 15 to 1dentify and record Zr :ms :Zumc of the x
men, with 1ts laboratory or lot num| The seeond step 15 to pull
the mosquito s stomach out of the body cavity mro a small drop of
085 per cent sodiam chlonide solution on 2 glaw shde. The moves
st this step are (a) cutting off cleanly che legs and wmgy (b} placng
msect on the with abdomen pomting towards observer ey
stubs to the left, viewed throngh a low-power dissectmg microscope
{¢) unng dmsccung needles to mck L‘l:tomms oufer 1ntegument
dorsally and ventrally between the fifth and sixth abdommal ®E
ments {d) holding thorax with one needle-np while usmg the other
to pull on thcmgofthczbdommmﬂutthcnp scparated by the
comes off and draws wath 1t the insect s recum, hind” and
mud-gut, ovanes, and hian twbules this operanion 5 doac
gently and the stomach wall be loosened from aﬁ?mdmg tissues
and will almoxt always breal apart m the fore—gut section, just above
the stomach (¢} cuttmg away the hmd-gut wath attached recrom
and ovanes, removmg any section of fore-gut still attached, deanng
away the Malpighian ruZula whuch usually tend to obscure the
stomach. The third step 18 to examme the stomach for Eé;gw. The
moves mvolved are {a) transferrmg the stomach 1nto a fresh drop of
salme which has been tmted shghdy with methylene blue (¥}
p a cover ship on the preparabon and then warmmg 1t yery
carefully to expand the gases 1 the gut, thus stretching the wall for
caner cxammation (1) nusking 2 duagnoss, excludmg stomach ecll,
far droplets yeast cells, and other artsfacts True oScysts are some-
what opaque, neatly sphencal, measure 6 to 80 mecrons in diameter
All but the smallest sizes have 2 defimte cyst wall, often appear ©
be o 2 short stock ar pedicle and they have dark pigment W};;’
Jess than halfgrown. The mature ofcysts are not pigmented
duplay mternal stnanons which are the sporozostes, recog-
nuzed when the cysts arc ruptured by carcful pressure o the cover
th

1;)isseetmn of mosquito salivary glands Having completed
the gut cxammation the observer places the msect, head mmdds
hum, m another drop of salme. Then, cxerung gentle, Pb;
pressure on thcthomxmththendcofadmngnmd‘tcm
the other needle to pull the head from the body  Usually nMﬁmomY
glands, affected by the ressure on the thorax, will be p
along with and atached to the neck sues. The
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appear as short, finger-shaped structures  ‘The glands are cut loose
from other ussue, are overlad by a cover shp and are cxamimed
with a ngh dry Iens for sporozoites These appear as spindle-shaped
or shghtly nc;!)c—s}upcd bodies within the gland cells or ducts They
measure 1. to T4 nucrons 1 length Check the dagnoss by rup-
tunng the glands wath gentle pressure on the cover shp 1n order to
force some of the sporozoites out 1nto the open

To stun the sporozontes remove the cover shp carcfully and
bemng sure that the uppet sutface 18 dry mvert 1t upon a small drop
of clear balsam 1n the contre of a glass shde  Also save the <hid
preparation from which the cover ship has been Iifted When b th
are thoroughly dry they may be staned like blood smears with
Gierusa s techmique.

Remembenng that 1t 15 the sporozortes mn the salivary land o
the time of capture w hich are being measured 1n the usual survey
should not keep motquitocs in the laboratory n order to allow m 1
ume for development of the sporozottes They should be dissect |
1 300m as possible atter collecnon  Under expenimental condin
Aghudnmgﬂ.!\mu has been mfected wath P oehicm from v
anght Englih sparrows. Both rsts and sporozotes wer
Thercfore the possibility of a\un(;?l?;modm mP;vmphr/rs mosq 1
mest be Lept 1n mund, bur appears to be slight m most areas

If disecrions are bang made to provide laboratory mar ¢
may be useful to recall that P galluacenm sporozoites have beut
alve and mfective for 24 houn or longerat 25 C (77 b
pended m a2 diluent conssang of salme extract of wash d Ju b
erythrocyies.

Madung mosqmtoes For study of mosquito dispersal th nt
fange mugragon predation and other behaviour patten €1
ire methods of producing ndioactively marked mosquitxs 1 or
eample, fourth instar larvae and pupac can be treated with radio-
e phosphorous as KH,P2O, at 0-3-0+3 mucrocurics per ml of
»aer The average radicacuvity ot the adults emergny, trom such
water will be about 1 44 milliroentgens per hour or some 43 counts
Per mmute. Radioactive strontium St has also been used for this
Purpose. Thus method 15 sometimes an improvement on the wsual
eehnugye of dustmg adult mosquitoes wath printer s mk pow der of
diferent colours foy subsequent recogmition

¢
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Distribution of Anopheles

In clasafymg the very wide g phical distribunion of anophs-
%:uc:mlt 13 customary to use the :oﬂowmg 1x zobgeographcal or

I Nearctic Region from northem Mexico to Greenknd ang

11 Neotropical Region from central Mexaco to southern A
tina mclud;xt;‘g37 the Wesc Indies '

I Palearctic Region from the Sahara Desert to northem Europe,
mcluding the Cape Verde Canary and Arores nlands from
northern’ Arebua to Stbema mcludmg all of Iraq Iran, and
Afghaistan all the rest of Asia north of 30° N meluding the
Japanese home islands.

IV Oriental Reglon all of Aga not m the Palearcnc Region the
Indonenan Lilands, mduding the Philippmes and Formosa, and
as far cast a3 Wallaces Line re to mclude Roma 1 the
Lesser Sunda group

V' Australasian Region  Australia, Tasmania and New Zealand,
New Gumea and all the slands cast of Roma m the Lesser
Sunda group Micronesa, Polynema and the Hawaan
Islands

VI Ethiopian Region all of Aftica south of the Sahara including
Madagascar Seychelles Maunnus and Reunion Iilands.

Vector Speces of Anopheles

The most mmportane malana vector speciet of anophelmes are
listed 10 Table V' while m Table VI are gaven those spectes which m
certan aress, or under vnwual arcumstances have been found
paturally mfected or have been suspected of bang local vecton.

In wnong the saentfic pame of a mosquito the genus pame
(capialized) and species mame {not capialized, even of a many
name) are grven 1n that order When 1t 15 amportant to be precsse,
the surname of the one who first named the specses 1s sdded, without
mmwrvmmgcomma.andthm,a&:racomma.dwywof
publication  If the onginal account asagned a speas 1 t;;t;d?ﬁ
geaus than 1t now has, then the author s name carnes pasen
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TABLE V
List oF THE MosT IMPORTANT VECTORS OF HUMAN MaLariA

1 A ecw tus Dinitz, 190

A, albimanus Wiedemann, 1821

A. aftrtarsis Lynch Arnbalzaga, 18 8

A alarts van der Walp, 1884 = fullginoss Gike, 1900

A apiasalis Curry 1931 = tanmanilen s of authors, m part  powbly
emiltamis Komp, 1941

6 A ateows Hoffman, 1935

7 A barbirestris harhirodris van der Walp 1884,

B

9

e

4. bellator Dyar and Knab, 1906

A dartper (Magen), 1%y = bifircetur (Magen) 1418
10. A gu~ Dhar and knab 1908 *
11 A addiafones Giles, 1901
1 A4 darlingi Root, 19 6
13 A. fereuts Laveran, 1902 = pwmetulatus i Incernsis Swellengrebed and Sweflen-

de Graaf, 19.0.
14 A flu st lis James, 1901 == Jistons Liston, 1901
15 A funestis Giles, 1900,
16 A gembise Giles, 1903 == costalis Gilex, 1900
1 A cembar welas Theobald, 1903
18 A hawcks Edwards, 1920
59 4 hagresrest Evam, 1927
20 4 hyroens mperrime Gile, 1900
a1 A kyrcenws sinemss Wiedemann, 1828
21, 4 lyreams  Themsom Baun and Ha, 1936 probably kymems \ of Venhun,
1939 4 vmh 9 Bonn Wepster 1941
Jeyponcnss endidwensis Kovdremy, 1924,
Lebrencli ac a@ropanus van Thid, 19 7
labran rac Labrencl s Fallerony, 1921
hyres kewcosphryrus Domtz, 1901
macarus maculetws Theohald, 1901
macufipenms macul permis Magen, 1816 = ryp ws Hockett and Musirolt,
1935

macn! pems om Aden 1935
mﬁlmlgm
mut wrws memess Theobald 1901
wiisipews flerirosmis (Ludlow) 1914
momchet Evam, 19 ¢
mowchet migenenss B ans, 1931

©
O N O R S

3h A plilpposemsis Ludl w100,

In wme srces of Brand  durd vt —komisssdir—appears to dure @ ouling
tramemason, mally swocsted wih rer * =
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39 A psendopuctipemiis pseudopunctipennis Theobald 1901 (Possibly a complex
of species.

pea
40 t Pmlmxla Dyar and Knab 1906
A pratct Donitz, 1901 = punctulatus typicus Swellengrebel and Roden-
waldt, 1932 alsopumu!umpunnulam of anthors,
42 A quadnmaculatus Say 1824,
43 A socharov] Favre, 1903~ eluws Edwards, 1921
44. A serpenti (Theobald) 1907
45 A. stephensy stephersi Listom, 1901
46 A smdacus (Rodenwaldt) 1926 = salrwater fudlow! of anthors,
47 A. superpletus Crassy, 1899
48 A umbrosus (Theobald) 1003
49 A. venena lyengar 1934,
so. A. vestitipermis Dyar and Kriab, 1906

TABLE V1

ANOPHELES OF SECONDARY OR OF DOUBTFUL IMPORTANCE AS
Mararia VEcTORS

A dgerfensis Theobald, 19003
Has been found naturally mfected m Algena,

A amictus amictis Edwards, 1921
Consdered an ocendonal veetor m northern Austrabia,

A. annulipes Walker 1856
Considered an occagonal vectar m New Guinea and northern Australa.

A ousten Theobald, 1005
Has been found naturally mfected m Angola.

A ba banerafii Ciles, 1902
Hu;#:cmfo':ndmnmﬂymfcacdmNmGum May be an occasonal
vector there and m northern Austraha.

A bazd Gater 1933

fmmdmmnﬂym&cccdeomm May also be an occasonal vecwe

A.baﬁunn:mmrmancnhms,Ip]p
Occanonal vecror m Indochina.
A (Kertesid) bolimensts {Theobald) 1508
( mptczcdvcaotmuppcrAm:zanmwhacnufmmdmcrmmbmmt
Theobald, 1910
fornd naturall ymfccccdedglmCoqoandFrcncmeAﬁr:.
A-rhri-wtﬂ Newstead and Carter) 1913
(mmmllymfoacdm)Ugmda,m&upcmzmr:mdcxefup:rccm
1N One area.
1. concolor Edwards, 1938.
Has mfrcted 1n Belgian Congo.
A. coustarl cousteni Laveran, 1900,

One natural mfrenon reported m Belgian Congo.
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A, cwisteni ~lemenni Grinberg 1903
H:sbcmfmndmnmllyi‘n(mrdmﬂdgun&wmo Suspected as a vector
m Abyyunu.
A. awelans erweiens Kang, 1939
Ha been found naturally mfected m U.S.A. and Cuba
A. domeillon Evam, 1933
Onc natural o¥cyst mfection repored m Bedgum Congo
A dormicolns Edwardy, 1916
Has been found naturally mfected 1n French West Aftca. (May be conspeafic
with A. Dngipalms Theobald, 1903 )
A, dwreni Edwards, 1938
Has been found naturally infected 1n Belgun Congo  (May bave beem
porozrottes of P berghed )
4 flaricosta Edwardy, 1911
Has been found naturally mfected m French West Afnca and Nigerna.
4. fanestus mmenersis Momer and Trallard, 193
Has been found natorally mfected 1n Madagascar and may have some impor
tanee there ;3 vector
4 han Kodzume, 1920,
Has been found natoralh mfected m Formosa
4 hectms Mrra, 1921
Mav be a vector m Guatemala and other parts of Central Amenca tableland.
4 tspeniols Theobald, 1903
Has been found natorally mfected m Algena. Powbly 2 vector in Trany-
jordan and S ma
4 mplexws Theobald, 1903
Has been formd naturally mtected m Belgian Congo
A peyporiensis geyponerists James, 1902
Ha been found nanmally mferted m Eastern India.
A karen James, 1903
Has been found naturally mfected n Malaya
A koadn Donitz, 1901
Has been foand naturallv infected m Indu and Sumatra,
4 knfer Sandosham, 1943
Said to be distmct from 4 wabroms Stricklind, 1916, and to replace rovon-
bresus when jungl 6 felled Has been found narurally mfected m Malaya and
Bomneo  Coasidered impoctant vector by some
4 Indlw torddala St Ler and hoeoemawmangoen, 194 5
Ocemonal natural miectons found 1n Celebes.
4 bmgar Bdlm and Schlosser 1944
Comdered to be 2 vector m parts of New Gumea and che Solomony.
A w{:’fnu Giles, 100_
ound nanmally mfected m French Cameroans
Banls, 1906,
by 2 vect i some arcas of the Philippines.
4 maoshall githmd [ am, 193¢
Hat been found mamnally mfected m Upanda
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A. melanoon subalphius Hackett and Lewny, 1935
Reputed to be a vector m Tarragooa and Valena, Spam, and 1n Trans-
cancasia.
A. michael) De Meullon and Leeson, 1940
Has been found naturally infected 1n Northern Rhodesta,
A. multwolor Cambouliu, 1903
Suspected a3 a vector m Egypt m 1025 on eprdermologreal evadence,
A. neivai Howard, Dyar and Knab 1017
One mfected among 3,000 dissections m Colombia m 1947
A neomacilipalpis Cu:} 1931
Found naturally mfected in Trmidad m Wordd War 1I bat not consdered

important.
A. noroestensts Galvo and Lane, 1937
Found natutally mfected m Brazl,
A. obsarrus Gritnberg, 1905
Pound natunlly infected m Nigema.
A osweldol metcelfi Galvio and Lane, 1937
Found natorally mfected m Branl but commdered ummportant.
A pallidus Theobald, 1901
Has been found naturally mfected n Bengal
A paludis Theobald, 1900.
Has been found natunally mfected m Belgian Congo and Nigena.
A pattont Chrotophen, 1926,
Reputed to be a vector in the hulls of North Cluna.
A. pesodi Galvio and Lane, 1927
Reputed ro be a vector 1n the Amaron badn.
A. pretoriensis Theobald, 190;
PHnbcmfoundmmnﬂJymfcdcmenmvulmdSouchszhodﬂh
A, punctipennis Say 1823
Hzs been found naturally infected m the Umted Smtes.
A, ramsayi Covell, 1927
Has been found natorally mfected m Astam,
A. rhodestensls Theobald, 1go1
Found naturally mfcered 1m Stcrra Leone  Smspected vector m Abysmis.
A Go 1910
%m‘ﬁuy mfeered n Belgan and Nocthern Nigena. May be
impottant i French West Afca pomb ocexsionsl vector in Sodm.
A. scparatus Lelcester 1008,
Found narurally mfected in Malaya and Borneo
A splendidis Kordzumy, 1920
Has been found nanmally mfected m Formosa and Hong Kong
A. squamoris Theobald, 1901
One mfection reported m Belgran Congo
A. srodel Rook, 1926
!ﬁsbrmfomﬂmrmﬂymfcc‘rdmli;\hl
A wtus melayensis Mangkoewmto 191
mg;moml

carmer 10 [ndonesia.
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A subplctus tns Grara, 1899,
Hnbv:r:‘?nund naturally infected tn Madras and m Indorena. Reputed to
be a veetor i Celeba,
A terellets Theobald, 1901
Has been found naturally infected m Indonesia, Bomneo Indo~Chma, Soath
Chma, and Formosa. Repated to be the vector in Maldrre blands.
A reqns lomenes Kmngr, 1933
Han been found patorally mfected m Assam,
4 regus Lagws D3nitz, 1902
Has been found naturally mfected m Indonesta and m Madras.
4 walleri Theohald, 1901
Has been found matorally infected m Unted States.
4 we! evensi Edwards, 1930
One oocyst infection found in the Belguan Congo

Natural History of Vectors
Certamn details regardmg the prnaipal malana vectors are mcluded
mn Table VII It should be noted agam that to be an important

veetor of human malina the individuals of a speac must take
human blood repeatedly m those areas m whch they are vectors
But some are easily dewnated to animals and others strongly prefer

e

Fre 3 Malina free area of Cenral and South Pacfic (Coartsy U'S Na y)

human blood. The former become important because of thewr great
abundance or because 1n the absence of ammals they must feed on
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A. melanoon subalpimis Hackett and Lewn, 1935
tobcavmmegumdedma.\,Spﬂ:u,mdn
ucana,
A. michath De Mallon and Leaon, 1940,
Has been found natarally mfected tn Northern Rbodesta.
4 wulticolor Carnboulin, 1902
Suspected 11 2 vector m m 1925 on cpdemiologral evidenc
A. newal Howard, Dyar and 1917
One mfected among 3,000 dincctians m Colombu in 1047
A neomaculipalpls C: 1931
naturally m Trmdad m World War 11 but not co

important.
A noroestersis. Galvio and Lane 1937
Found natarally mfected m Braxd.
A obsamus Gritnberp, 1905
Found namrally sofected 10 Nagena.
A. oswaldol metealfi Galvdo and Lane, 1937
Found naturally mfected m Bran! but contidered unmportant.

Theobald, 1501

Ha been found narrally mfected in Bengal.
A patudis Theobald, 1900

Has been found naturally mfected m Belgan Congo and Nigena.
A patton Chnophery, 1926

Repated w be 2 vector m the ulls of North Chma.
A. pesiodi Galvio and Lane 1937

Repurrd to be a vector 1n the Amazon basm,
A. pretonenst Theobald, 1903

Has been found naturally mfecied m Tramsvaal and Southen Rbod
A. punctipennis Say 1823

Has been found naturally mfected i the Untted Staes.
A rameay! Covell, 1927

Has been found namnlly mfected m Asmam.
A. rhodenensis Theobald, 19or
Found pamrally infected 10 Sierma Leone. Smpcu:dmmAb)'“

Found naturally mfected m Begian Congo and Nocthern Nigena. 1
smportant m French West Atnca poshly occasonal vectar o Sodsr
A smparams Lacester 1908
Found nsamally wfected in Malaya and Bornco
A. splendidus Koadromi, 1930,
Hat been found naturally mfected mn Formos: and Hoog Kong
A. squamosss Theobald, 1901
One mtecton reported m Belgan Congo
A. strodei Root, 1926,
Hat been found naturally mfrcted m Branl

A subplctus malayensis to 1918
Ommdmm

A
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4 subplaw cbp tus Crasss, 1890,
Has been foumd naturalls nfected m Madras and m Indonena. Reputed to
be a vector m Cel
4 tecellams Theobald, 1901
Has been found natarally mfected in Indonesia, Bomeo Indo-China, South
Chna, and Formosa. Reputed to be the yector m Makdive Ilinds.
4 regis [ moss Kmp 1932
Ha been found naturally infected m Asam.
4 regu rapus Domuz 1902
Has been formd naturally intected m Indonesda and in Madras.
4 malkeri Theobald, 1901
Has been found naturally infected m United States.
4 wal aren ¢ Edwardy, 1930
One oocvst mfcetion found in the Belgian Congo

Natural History of Vectors

Certain details regardmg the prmapal malana vectors are meluded
mn Table VI It should be noted agam that to be an important
vector of human malana the mdividuals of a species must take
human blood repeatedly 1n those arcas 1 which they are vecton
But some arc canly deviated to ammals and others strongly prefer

o v -

X =

|
|
MALARLA mg AREA
(Cmil'il Bovﬁll Pacic)
=3 — -

— — - = Cd — ca

. 3 Malama froe arca of Central snd South Pacfic. (Courtery US Navy)

human blood. The former become important because of their great
abundance or because m the absence of animals they must feed on
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man  They are not so apt to be vectors throughout therr geo-
graphical range as arc the sccond group But even the mosqutoes
¢ latter group usually show great varation m thar vectoral
powers from area to area So the tabalar mformation refers to sl
charactenstics not mvanably applicable since all Anopheles speais
vary habits and habitats from time to time and place to place.
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malana remedies, greater denaty of cattle 1n the south-easz, large
exodus c;igamctocytc carmers mto non ralanious northem aoss,
steady development of urbanization 1 the south-east, mensive use
of such malata control measures as dramage, larviciding space and

rendual spraying

Intense malars 15 sull found in areas of the Amertcas berween
15° N and 15 S m Europe touth of 45° N m Ama south of
40° N and m Indonesa South-West Pacific, and Africa. In the
Central and South Pacific, snch slands as the Galzpzﬁos Marquesas,
Fiji New Caledoma, New Zealand Marshalls, and Carolmes are
entirely without Anopheles mosqutrocs. The Hawanan Islands are
also free. On Guam A subpictis indefinitus bas appeared since the
begmmung of World War II But to date mdigenous malaria has

not resuhted.
The yearly world total of malana cascs among the csumated
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. 38 bilhons of inhabitants has been the subjeet of many guesses,
nonc of which of coune ©n be venfied. Obviously the discase
15 rampant m Chma and equatorial Afnca and 1n parts of India

Indo-China, indoncsta and clscwhere One 1s probably still jusnfied
1n csimatmg that the total number of cases of human malara cach
vear 15 of the magmitude of 350000000 with a mortality rate
averaging about 1 per cent. Notable reductions i the not too
distant future scem possible m view of the announced plans of the
World Health Orgamization and of a number of governments East
and West. But 1t 16 mcorrect to assume that the new er antimalanal
drugs and mscctirdes have already toppled malana from the list of
important human affictions how ever exonc this discasc has become
n the Umited States and United kingdom  Perhaps never before in
all lnstory have so many human beings been burdened with discase

mdeed probably three fourths of the world s anzens to-day are
without a samitary environment and among these people malana
sall leads the parantic discases as a canse of cconomuc, 30aal, and
phviiaal drsaster

Epidennology defined 1How docs a malady enter or appear
among a group of persons® How docs 1t then spread and persnst?
“What are 1ts cycles and fluctuations 13 everyday and 1ts exceptional
manifestaions® How does wt recede and diappear?  Such arc the
sort of questons dealt with by the loges or scaence of illness as 1t
rests ept or upon the demos or people  Epidennology 1n other words,
13 the sum of what 1 known :E:u discase as 1t affects 2 community
rather than a person  The phymaan 13 pnmanly concemed with
mdividuals, the epidemologist wath 2 nions  Each has some
knowledge and practce m the other s domam  but cach has unique
methods, prescripions and responstbilities.

The word ic means peculiar to  and ay regards malana 1t
connotes the presence of a measurable madence both of cases and
of mtural nsmismon over a succession of yeans. Malana 1
antochthonous when contracted locally but 15 imported when imfection
was acquired outside the speafied area  Sccondary cases denved
trom those imported are referred to as introdiked but the natural
amochthonous discase 13 indigenons  Malama 15 sporadic when cases
are few and scattered and do not follow a pattern of scasonal
dutnibuton. The term malana endemicity desenbes the prevaiing
frequency and mtensnity of endermic malana. The following workm;
casafication of the vanous degrees of malaria endemucity 1 lmci
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on that proposed by the Mal
e uon’; Expert Malama Commuttee of the World

1 Hypoendemsc malaria Spleen rate m
notmccdmglopaoiur. chideen2 09 yeu ot age
3 Mesoendemic malona Spleen rate m chuldren 2 1o 9 years of age
een 17 and 30 per cent.
3 Hyperendemic malana  Spleen rate m chldren 2 1o o Yyears of
:ﬁ’lﬁlmnmudy over 50 per cent, and the adult spleen rate

4 Holoendemic malaria Spleen rate m children 3 to 9 years of age
13 constantly over 75 per cent, but the adult spleen rate 15 low
and adult tolerance 1 high.

"The word endeniology 13 scldom seen because 1s restricted meaning
s by common usage mcluded withm the term  eprdenuology
Ocaasionally one sees the word endemy applied 10 a discase which 13
constantly present m an area.

If, 1 a non malarious arca, the disease appears and 15 naturally
transmutted 1n two successive seasons then 1n the third and succeed-
g years of natural transmusnon 1t may properly be defined as
endemic 1 the area. In other words imported malana, with
pethaps a few secondary cases the next season 13 not unmeduately
defined ay enderme. Malanz, to be enderuc, must perust actrvely
for a peniod of time, arbitranly st at three seasons m the above
defmnon  Swmilarly m a previously malarious area if the disease
8 not paturzlly transmitted over a penod of 3 ycars, one may
then properly declarc that malana has ceased to be cademic m the
area slthough some residual splenomegaly and even pacasitemua, as
well as pechaps the usual density of anopheline veetors, may reman
Potential endencity may clearly exust, yer malanz may have ceased
to be endemuc or on the other hand, may not yet have become so
When the vamous factors which underhe the transmuston of
malana as descrbed below have crcated condivons thoroughly
conduave to the propagation of the duease, the endewic potential 13
sard to be high.

When there 15 a considerable and relanively rapid merease m the
incidence of cimscal malara the disease 15 sa1d to be epidemie—a word
winch connotes 2 rather abrupt loss of balance. Vanous ty}xs of
epidemtes are descrbed below Charactensnically a state of hugh
post-epidemic endemiaty remams for a tme after an epidenuc and 1s
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charactenized by relamely hich splecn rates and a relanvely hgh
degree of immuminy among the papulation concerned

Malaria formula  Endemic and eprdemsc malama 1n all of thar
varied manifestaions reflect the complex mterplay of many factors
The chief actors are obviously man mosquita and plasmadium
but there 1 a large cast of sccvnrhll characters  Malama eprdenu-
ology 1 exceedingh mmicate bue the followang formula seems to
chanfy the subject by focusmg attention on the ponapsl vanables
of which malana endemian or eprdemiary 15 3 funcuon

Simplt stated

X+1y- ZL[H’YIT — malana enderman and eprdenucity

In this formu

X the human camer b bronomrcs

Y the mosgquito veetor ¢ — environment
Z  the hupan vicom ¢ contro}

g the plasmodium f = treatment

¢ mmmunsty

The X Y and Z constitute the chan of malana transnusston
The p 1 the plumodium tactor which by 4 speaies and divense
stratms a3 alreads discussed m an carlier sectson steracts in vanous
ways v ith the hunuan carmer mosqut s vector and hunun victim
The smmumny factor + m o natural and acquiced phases, modifies
all three major components of the chan of transmisuon—mosqunto
as well as man  The b stands tor the interestmg and multifaceted
subject ot biononues or natural history  not anly as w modifies the
micct vector and plasmodim  but also as « determunes those
characters and habits of man which intenaty or dinunush his contace
with the mosquito As regards the latter there have already been
presented such matiers as food preferences, fhght capabilines, and
vanous tropisns Bionomics m man or human ccology as it
concerns malana meludes such aspects of hfe as race sex, age
occupation economic state agncultural practces, and many others,
somic of which are descnibed itcr

The environment 1 represented by e and mcludes such modifyng
phenomena a3 emperature and relaave humidiey manfall and
tDpO[;ﬁphL flora and fauna. The ¢ stands for makna contol as
desenbed fater whether the measures are applied to man or mos-
qmto. Finally the ¢ factor 1 chat ofchmmfand suppressive treat
ment, apphed only to man m practice althouph there have been
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somewbat fanaful suggesuons that the phsmodium
atracked m nature by certam substances 1mb[1’bcd by the mﬂglggmbc
The human carrier Except possibly a5 regards P malanse m
clumpanzees i parts of Central Aftica, no known anmal reservorr
of human malaria exusts other than m man humself so that the
source of Infertion m human malana 15 another mfected
Stricdly spah;ﬁ' 1t such an mdividual 15 suffermg an acute chinical
attack, he 1s called 2 patient whereas 1f hus mfecnion 1s i a laent
stage, and he 15 without symptoms, he 15 called 3 carrfer
A gametocyte carner 1s anyone m whose blood there arc malana
gametocytes. Both male and female mature gametocytes must be
accessible i sufficient numbers 1f a mosquuto 15 to become mftctions.
Vivax gametocytes develop promptly—withm 3 to 5 days of the
first appearance of parasnitism—but the falaparum crescents are more
deliberate so that 10 days usually clapse before 2 panent becomes 3
potental cammer Quartan gametocytes are still more dilatory as
a rule, and arc often scanty In no speaes 15 there any constancy
about the mfectiousness o;ya.mcrs. Gametocytes appear and dis-
zf:.r without regulanty or apparent reason, and there are no gross
cters permitting recogrition of periods of danger  Sometmes
chuldren not acutely 1l may be Inghly mfectious, specaally at ages
of 1 to 4 years. The chicf seed-bed or souree of infection m an area
1 often located 1n that segment of the people who are Iivmg least
hygrenscally wath the poorest treatment of their malana mfections.
Naturally the larger the pool of gametocytrs the Jower need be
the density of vector mosquitoes to effect transmussion and vice versa.
Malarta may be directly transferred acadentally expenmentally
or therapeuncally by subcutancous, mtramuscular perttoneal, or
other parenteral myection of blood, plasma, or other matenal con-
tanmg asexual plasmodia or nfective sporozoitey or certam stages
of exoerythrocync forms Birds and monkeys have been snoculated
by oral admumstration of mnfectious blood. Intrauterine mfecnon
defimtely occurs but 1t 15 uncommen. Transfusons even when the
blood has been stored for 2 weeks at o C. (33° F) have caused
acute mfections, and 1t 13 1mportant to realize that malana may
be transmutred by donors who have been symptomless for many
yeats. Quartan malana, m parncolar has often been transmitted
acadenally by blood transfusion  Modem drugs quickly cure
wrophozoite-induced malana so that m an emergency one should not
hentate to wse a potentally malanous donor  But ordinanly one
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should take precaunions to exclude from 2 donor list all who have
ever had quartan malana or who have had any nipe of malana
withm the previous § years,

Mosqmito vector The natural history ot anophelines as vectors
and hosts of malama conshitutes an important part of the malana
formula and has already been discussed Not much more need be
meluded here However one should note the terms malara sans
an phehsm and anephchom sanc malana When malana occurs m the
abeence of Anephieles mosquitoes 1t 1 either 1mported or residual
wunless the mosquitoes present have not been found  Somctunes
there 11 2 short peniod of transmision 1n an area and by the me
malana 15 sun ey ed the vector has disappeared  Another possibiiy
1 1flustrated by the case of South Ubian a Sulu Sea sland where no
local anopheline vectors et The people annually phnt, cultvate
and hanvest tharr nice on a nearby 1sdand where malana 1 hyper
endemic and where they contract the discase which mansfests 1nself
back on thar home 1sfand

Much more commonly  Anaphcle mosquitoes occur w here there
15 1o evidence of malana. The arca mav not even be potennally
malanous 1f the local anophelme 15 strong !y zoophilic and rarely
tahes mans blood In other arcas pametocyte carrers arc too few
or thar armval has been too recent to result i detectable chmical
malama Or there may be too tew am;rhchnc vectors. For there 1s
a per capita_entcal dewsity ot potential vecton Below a certam
mnadence of the vector malana recedes and disappears. The cxact
figure 15 difficult to micasure and 1t vanes wath species and loaal
condinons. For nstance 1 the case ot ahafoaes which usually
takes animal blood 1t requires a Ingh dennity to propagate malama
A muchlower density of a vector hike flin ranhis 1s dangerous, because
most of the ime 1t feeds on man Morcover a hugher arliafaaes
density 15 required 1 an area where cattle arc abundantly prevalent
because there 1 less need for the insect to feed on man  As Ronald
Ross noted malaria cnnot permst i a communty unless the
anophelmes feeding on man are so numerous that the new infections
among the ﬁ:p]c compensate for the recoveries.

The number of ancpE:lrJlncs attracted to a commumty 13 propor-
tional to the size of the population but of course the total 1s hmited
by output from local brecding places. The number of anophclines
;.Pf‘fﬂmn tends to be m mvenc rtio to the aze of the community

nisks are often greater m small commumities.
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table 1 the Sind of Pakustan has resulted Increasm,
density of the pool-breeding vector o vasly 5 te

Fro. 41 Jungle clearmg kets in smlight and forms favourable breedang phice for A. miceses

Ramfall 15 of findamental 1mportance m relation to mosquito
breedmg  but the relationshup 15 somenmes mdirect and evan
paradoxical In the Punjab excessrve July and Angust monsoon
rains Jead to greatly mereased production of ailidifacies m September
but m Ceylon, defiaency 1n the same monsoon rams will result m
certam overs to the pomt where they become series of
countless pools of the type favoured by ailicifanies In cach case an

dersc of fulminant proportions has resulted. In the Philippmes

preapitation of the ramny season 13 often heavy bemg
wth typhoons so that the quet stream edges haunted by favirosris
larvac are mtermuttently scoured by g torrenss. But the
rams and before many of the streams have dnied  thus local vector
will have mncreased abundance.

Obviowsly 3 6-mch ramfall i one day differs m 1ty brological
effects from the same total precipitaton spread over a week, mon
or year Some malana eprdemiologusts use 2 formula for degree of
weness as follows

No of wet days x total ramfall : £ wemess
No of daypmn month Monthly °
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Temperature and relatne humidim 1 ~3~¢ = -
meect vector as regards i ovn grov L acgery 2 M- -
well as the development of the pla med e ny b gl S~
observers have concluded that, gnen wtable relan b o~ 11
range of dry bulb temperature favourable fo ¢k ta- - -
malana extends from a mmimum of abom 161 C. (1 F s
maamum of about 339 C (93 F) A mean ® am. r -
relam e humidity of not less than 60 per eont seoms t4 be rg~—?
for malana transmusion 1 addinon to favourable tempera-
requrements These maxima and mmima temperature and byr ?
1ty figures are related prmanly to longevity of the mecque ©
1n part to development of the plasmodium, as dicwsed m an ez ~
section  Of course speaes requirements and conditions var -
no fixed and exact a1 erages for opamumecondions canbe L ¥ -
Temperature effects may be indirect. Foranstance myt 7= -
sce V:lr:‘a\cragc air temperatures above nomul m Fele_ -
March may lead to the building up of heavy quadnr 27~
ton 4 months later  Conversely subnormal sprme temme
usually result in lower densities.
Man made malarla  Wherever one gos i gty
one sees cvidenee of man-made nursenies for the Ly, ¢ oy
mosquitoes. The list 15 impresaive borrow puyy 51, - o
\ﬂ‘li:.gu orto hlﬁh\i;\ay mlw'.t\)y; andCda:bulm ko
an mage obstruct: caly
Jow qmlﬁof?or rals, rg)c;ldx, and nsor):td mt;::r;u“.
ﬂ:gc—producmg cuts casual sitng of villages, 14t
rary encampments carcless opening up of jr
seeding of a countryside with gametocyte carriey
dranage or none atall all sors of man-tmade v, .y, 7~
hke agncultural wells, garden pools eayve g :
asterns, and 50 on uncontrolled impoundmeyy e, i
flood control, or other purpose. de'rcu,'—. PR
y duc to mmproper handling andl 1
water - For example, sometimes great quingy, e
brought wnto an area, but there will be no ...~ 7 /1! -
water away  Thus m Sind and elsewhere iy, tore g
water-loggng with greatly mereased mabg, ., 7 ~dm
UTIgaton water over-irmgatnon neplected R S
gates, fallow fields unnecessanly wet for 7 Lo, dae
mcrmngth:mzhmpmblcmmmmym Tl TN | PYog
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Fio. 43, Wet falow rice field breedmg place of A. aubelfader.
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Types of Endemic Malana

Mialania has been classified by climanc types as follows

Temperate malaria  Found m regions having a scvere cold
scason, with freezmg temperatures: but wath 1 to 3 months of
weather smtable for malana transmussion Mean monthly summer
temperatures range from about 156 C. (66 F) to .11° C
(70 F) A spnng or summer abnormally cold or hot, dry or wet,
may greatly modify the annual malana madence  The discase 1
almost never hyperendennic, 1t has a tenuous hold 15 canly subdued,
and has steadily retreated duning the past half-century as mn North
Amenca and Western Europe  Plasinodiime falapanim and P_malanae
cannot usually mamtam themselves, and P ‘111ax has the field pretty
much to 1tself

Subtropical malarfa  This type of malana occurs where mean
monthly temperatures are .11 C (70 F) or morc m summer
fallmg somewhat below 156 C (60 F) m winter  The latter 1s
relatively muld and short and includes a well-marked rany season
Frost and occasional light snowfall arc seen and the adult vectors
tend to hibemnate or to indulge 1 peniods of no acavity  The
transoussion scason 15 4 or § months long and scasonal epidemics
are the rule  Plasmodunm 11tax predomunates, but P falapanimn 1
common and P malariar maintams issclf mn a few foar Sometimes
P falapantm 13 more abundant than P 11141 m the late summer or
carly autumn

Tropical malarda Charactenstic of areas where mean monthly
temperatures seldom fall below 15:6° C (60 F) and maxima at
certan seasons often cxceed 378 C (100 F) There are well
marked hot-dry and cool-wet seasons. During the former the mean
relauve hunudity may remam for some months below 60 per cent,
and durmg the Latter the ramfall may be heavy  Seasonal epidemics
of malana are usual, begmning late n the rany scason and extendmg
unal the dry season becomes marked. These eprdenucs may be
severe Transmusion may take place for 6 or 7 months a year
Falaparum malana 13 abundant, but vivax predominates in some
areas or s Focal quartan nulana 15 commonly cncountered.
Areas of hyperendemuc and even holoenderic malana are charac-
tensuic of tropical malana,

Equatornal malana Found where the chmate 1 constantly hot
and humud with heavy well-distnbuted ranfall, and with no
well-marked wet ot dry’ summer or winter seasons. Temperatures
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rarely exceed 37° C. (98-6° F) or &ll below 156° C (6o F)
Relative hunudity seldom drops below 65 per cent, 5o that malacis
transmission may oceur at any tme of the year Hyperendematy
15 the rule, holoendemicity occurs regyonal ‘eprdemcs are rare, but
locahzed epidemics common, Vivax malara 1s abundant, bat
falaparum predonmnates  Focal quartan malama occurs,

Malara Epidemics

When malana morbudity or mortality rates or both risc sharply
to levels above a endemucity there 15 sa1d to be an eprdemuc of
malana m the area affected. Some uncertamty sull prcv:vi as to the
exact causation of an cpidemic. In general one may say that
cpidemmucs arse m a given commumty when there 13 a relanvely
large mcrease 1n ano| ilhncvcctoroont:cththmm as well as i
the size of the 1 gametocyte pool, at a ttme when malana
immunity 1s low However many factors are mvolved and the
process may be extremely complex. The following schema mcludes
the prmapal pomts which should be connidered i studying the
genens of an epidemuc, but, of course, the importance of mdivadual
components will vary m different eprdemics

There are question marks against some 1tems  In the finst place,
1t 13 not known that fabgue, maniton, or malnutnuon wll increase
a man s susceptibility to u-ll:.laua but w%ﬁx obscrvmm&cl;dxcve 50
Sccondly as regards anopheline suscepubility to on, 1t 18
pomblcyby controlled mtl')unl sclecion m a laboratory to breed
colontes of vector anophelmes which are lughly suscepuble or
converscly are hughly refractory to malama mfection. Does this
sort of change ever take place in a given area by an acadent of
natural selection? So too some mdimduals of 2 g:E:chﬂ e
human blood others of the same species take bl Dif

contages for a specics N Various areas.

E:rmmlusﬁlecnv;yg;gchmcc ;%I::;:lmu b:ﬁ about a change m the
predomnatng blood preference of a local anopheline speass so
that a much larger percentage will feed on man or vice versa, will
not? Agam some strans of plasmodiz seem more prohfic 1n
gametocyte production than other strams of the same speass, ”u;
in the same region. Does thishave a bearmg on cprdemic condinons
Aside from those questions all the other factors named n the J‘iﬁﬂ”ﬂ
have a proved 1mportance 1n the causation of epidemcs. Used m
conjuncnon with the malarta formula grven above the followmg
outlme may help to eluardate the genens of a malana eprdemnic
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Schena of P ants 1o be Considered i the
Genesis of Malaria Epidermes

1 INCREASID SuscrrmimiLITY

of MAN

1 Increastp CAMETOCYTE
RrIscmvoir 18 MaN

1l Increasto CowTacT
BCTWIEN  VECTOR
ANOPIILLINL  AND
Max

IV INCREASED EffECTIVINESS OF

VEectox Host

1

2.

3

-

*»

~

1

Normal declme in immunity
following, previous epidermic,
Introduction of non-tmmuncs
mto an endemuc area
Abnormal ving condinons
caunng fatugue, mamton
malnutrinon (?)

Scasonal relapses.

Lack of treatment.
Importation of human

carner.

An unknown factor leading
to mcreased gametocyte pro-
duction (?)

Increased number of vectors.
Lengthened longewty of vec-
tors duc to chmatic conds
tions.

Lessened deviation of vectors
from man duc for mnstance,
to fewer

Decrease m mechamcal bar-
ners between man and vec-
tor

Greater accewbibity of man
to vector by change n his
habins.

Increased preference of vector
for human blood, dus two
acadent of natural selec-
non (?)

Climate more swable for
development of sporozoites.

Increased  suscepubnlity  of
local anophelines due to acor
dent of natural selection (?)



106 MALARIA

Some definidons Commonly an epidemic cpele of malar
connmof405cnods. One may connider that the first 15 the pr
epidennc period 3 ume when the epldenuc potential 1 developmg-
gametocyte reservorr local anophelme vector populanic
amcreasmg  or at Jeast exhubiing 2 nung mfection mrﬁ:ox. Ne
clinical cases are apgczrmg and presently one recognizes the presenc
of an cprdemic. There next ensues the epidernc wave period extend
ing from the first notable heightenmg of nadence of acute cas
through the peak of the epidemuc curve to that tme when morbidit
has receded agam to normal average endemiaty for the locahry
The curve of case madence rises more abruptly than 1t dechnes, tha
of case mortality starts upward about a month after the eprdem:
wave begins, attains 18 maxumum 1 a few weeks, and declme
rather promptly to the usual endemic level aboat a manth befor
the epidemic wave period ends. Spleen index rises with mocbudity
mchm.% 2 maximum 2 months later than the peak of morhidity
fallimg slowly throughout the rest of the epidemic cycle. The para
site mdex climbs more sharply and falls more abruptly than th
spleen index. Average parasite counts are suddenly much
and remain so unal the eprdemic crest bas passed. Frequently
15 mcreased mosquico vector density which reaches 2 peak about the
same tme or a httle before the greatest morbidity madence. Num-
bers of the msect vector may then shrnk rapidly and sometimes fal
below normal before the eprdemic wave has passed. Itas psually bo!
not always posuible to demonstrate an mereased density of mosqunte
vector before or dunng an eprdemc. But, although the numbers
of the msect may not be augmented, yet the nfecton mdex m the
vector mosquitoes will almost certainly be higher  Often both the
madence o? the veetor and the percentage w. are mfectve wil
be greater for a ume, and this parurally results m 2 more severe
£piacmic,

Followng the epidemic wave cormnes a past-gpidemic period 3 “g:c
of readjustment when the spleen and parasite mdices return to £ie
usual endenne levels Then comes the Jast, or inter-epidennic pen
which extends to the next pre-epidemuc phase. Durmg this ‘t'f
mtenm the spleen and blood wdices fluctuate gently aro mﬂ’
usual endemic levels and the densty of the vector may show only
normal seasonal vamanons But the smmunty fctor m the homan
population contmues to decline h:;:i reaches s fowest pome just

rior to the next 1dermic
? There are scvaglm_crygcs ofmfl:.m epderma. The commonest 13
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the scacenal epderne generalls dependent on increased anopheline
production duc to scasonal factors which bring about atmospherie
and surface water condinions fas ourable for the development of the
meweet {and somcumes of the plasmodium within 1t)  Seasonal
relapses with mereased numbers of gametocytes may also play a
part. Yearly epidemics may come i spang summer or fall orm
a2 wet or imganon scason or 1 the transional weeks between
wetand dny penods: Sometimes these eprdemics peosst for several
months sometimes they are very bnc{’ Usually the greater the
mosquito factor the sharper the cprdemic. But this cffcet may be
morc complex than 1t would scem For instance 1n North Holland
asnoted above the annual spnng eprdemic of malana 13 usually duc
to mfections which has e remamed latent smee the previous autumn

Plasmodia wsually survive scasonal post and inter-cpidenuc
peniods m man s blood rather than 1n mosquitoes. When both P
rirax and P falapanim are involved m scasonal madence they often
have a charactensuc rclanonship to cach other  Throughout the
mter- and pre-cprdemic perrods, 11 ax s usually encountered more
often than falapanum  Dumng the scasonal epidenuc wave vivax
malana has reached 1 highest pomnt and begun to wane before
falaparum malana ammves at its crest but the latter may cventually
be lugher than that of vivax

Another common type of malara outbreak 1 the reqronal epidemic
m which a county state province sccnon or entire country may
be mvolved. These eprdenucy are most frequent m subtropical and
temperate lattudes and they have \\dl-mn:% penods which tend
to be considerably longer than those of the scasonal epridermic cyele.
The latter often 1 submerged but nevertheless, adds its effect m the
regional epdemie. The eprdemic wave for example, may embrace
2 seasons and the mter-epidemic penod may last 10 or even 10
years seldom lestthan s Durmg the inter-epidemic peniod, seasonal
epidemics occur but may be much less severe at The pre-
epidemic peniod of regional epidemics may have different charae
terstes m different areas or tmes. For cxample, m Ceylon m 1932
the epridemic potennal was greaty :u.gmcn[cg by a drought caused
by monsoon falure, so that the nvers were transformed into mynads
of pools 1deal a5 habatats of the local veetor  On the other hand n
the Punyab of India and Pakistan the pre-cpidemic period may be
one of mansoon floods m!uly and August, with excesaive pool
formaton 1n September leading to an enormous mercate n dennty
of the vector In both mstances however the pre-epidemuc phase
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follows 2n ter-cpidenuc period d which immunicy of the
people has fillen to low levels. Somcunzzgnc: 2 regonal cpxtﬁumc ®
due to the meroduction of a foregn anophelme vector as 1 Mann.
s 1n 1867 after the acrrval of Afncan finestis and gambiae

Repronal cg;ictma are sometimes fulminant mtﬁ sudden onset,
x; ly sharp and hugh nse m czse madence, and 2 macked
merease n mortahity For example, 10 1006 10 the Pungab among
a S’ulanon of 20 mlhon there was a fulnunant regronal epidemic
w. resulted 10 over 300 000 malara deaths In some areas the
mortality rose to 493 per 1 000 Chuldren under s years and aged
persons were the most common vicums

Occasonally regional epidenmes spread far beyond the natural
boundanes ofycudcrmc and then they are called pandemcs
For cxample, in Rusna 1 1922-23 2 regional malara Z:lah c
spread 23 far north as the Arctc Circle and cawsed the of
rmihons.

Finally there are localized epidemics whnch anse 1w wnusual arcum-
stances for a given area and are rather sharply arcumsenbed a3 3
rule. Such outbreaks freguently occur when groups of non-immune
emugrants labourers, or soldiers wathout surtable protection, move
mto an area of hyperendenue malana. Ennee divisions of troops
have been pur out of action by such localized eprdemics of malana,
Another hasic cause of these epidemnics has been man made breeding
places such as impoundments jungle clearances, and vanous types
of water-holding depresstons.

Malaria Surveys

An cvaluation of the endemic or epidesmuc status of malana m 2
community or group of mdividuals 1s commonly called 2 mahgm
survey  Usually not only prevalence and mtensity are esumared, “}
also such underlymg factors as are found m the narural h.utor\);:d
the local vectoss, Sometimes the term mualaria reconmatssance 13
to mdicate 2 prelmmary or brief cxaminanon of the malanousnest
of an area.

In order to differentiate a cyclical fluctuation 1n malana endemt~
aty from the decline duc to planned control measures the dnuhmﬂm
survey thy covers 3 accas as follows (1) the profect e
Mdunwhchthcproposcdconn’olmmmmwﬂlbcdzrm
applied (2) the peripheral area which 1s contiguous €0 :%leof e
and by wartue of 1ty nearness shares some of the benehts .
control programme and (3) the comparison or confréss ares which
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too far away to be affected by the control measures, but 15 close
enongh to be sabject to the same clumane and other environmental
mflucnees. But whether the survey be simple or detailed, the
Investgator must avord trymg to formulate general conclusians
from ted expenience. The eprdenuology of malina vanes
mterestingly but complexly from country to country and even
from sectton to section withm relatively small areas.

Entire books have been written on the subject of malama surveys,
but the present account must be himted to an annotated ontlme
and some defimtions

Annotated Oudline of & Malaria Survey
I OBJECTIVE
State spectfically I 1t for the planning of control measures, for
evaluating measures m proFrm for siting 2 commumty for detect
ing renewed endemiaty for purc research, or for what purpose®
Is 1t to be a brief reconnatssance or a detafled mvestigation?

. EXISTING DATA

Helpful data may be available 1n exusting medical pubhc health
cducational, entomological agnicultural  1rmgation, geological,
climatological, or other reports or historses. It 15 often possible to
obtam detatled maps even acral photographs and mosates: Resident
officials as well as physicians, may be of amstance m culuvatmg
goodwill but not usually as regards exact details of malima
endemiaty

oI MALARIOMETRY

A. Malina morbidity and mortality rates are notoromsly s-
accurate, but sometimes careful histories obtamned house so-howse
by an expenenced observer are useful although not very sensiave
mdicators of past or present malsna In some surveys 1t pays §
card index all residents by name sex age race, occupanon type
house, length of rendence protecuve measures mm‘lmﬁ
Tustory of malarial attacks, use of malana remedies or of mscctic
and perhaps by sddinonal data regarding suze of house in relamon 0
residual spra rocedures

B Th?m):]pig and most useful malanometne wchmqu;i! the
determination of the spleers mdev as deserbed below  Ann sufd
veys should be comparable as to season samplmg observer an
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techmque  If two surveys a year arc indicated, one may well be
made at the peak the other at the lowest pomt of scasonal madence

C. DParastte sndices should be determimned as defned below  They
are more difficult and more costly to obtamn than are spleen ndices
but usually they are mdispensable untl the endenueity has receded
to a Jow pomt Repeated parasite sunicvs among mfants have
speaal value as regards degree of transmission 1 a given arca

D Frequently 1615 useful to determme whether average hacmo-
globin readings m a commumity or group arc normal (13-16 gm
per 100 ml. or say 85 to 100 on Tallqvist scale) are subnormal
{10 to 1. gm. per 100 ml or say 65 to 80 on Tallqvist scalc) or
ate low (below 10 gm per 100 ml or say 60 or below on Tallgvise
scale) This coarse groupmg may be all that 1 requited but
rescatch studies more accurate determunanons are necessary  using
photometnic techmque

IV ANOPHELES VECTOR

Local anophelme vectors must be idenufied salient features of
ther natural history recognized and some notion of their larval and
adult densiies obtaned  Collections of larvac should be made
systemancally penodically thoroughly and so far as posuble on
a quanatanve basis. Pamstaking sunveys are required to discover
all the breedmg places One 15 chiefly meerested m denmity  fre-
quency resung habitat, blood preferences as determuned by prec-
pitn tests sporozonte and oocyst indices longevity and flight range

V PHYSICAL FEATURES

Chmatic topographic and any unusmal as, of the environ-
ment as 1t beart on the contact bztwcm mnnicncctlxm wto or on
the development of the plasmodium m the insect, should be noted
m the survey Impounded water 1mgation systems standing water
assocuted with nce dates bananas sugar-cane, or other wet cro
agneultural wells Jocal water supplies subsoil water lcvcﬁ
behaviour of udes blocked dramage borrow pis back pis or
other man made vectorgenic foci, types of flora and fauna g
on anopheline occology jumgle and forest prowth—these and many
other pomts may be of iterest if they contribute to the dussemuna-
flon, perpetuation or control of malana  So too incoming traffic
sometimes has importance because vector anophelines have been
known to be imported 1nto an arca 1n carts trucks, tramns, boats,
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steamers, or acroplancs  They mu::{ bring m sporozotes or they may
start to colonize an arca previously foreign to them,

VL SURVEY REPORT

Good records mcludmg Fhotogr:phs are essennal for the survey
report. Numerous tyf of survey cards—some punched for rapid
analysns—vartous display diagrams and many vaneties of chars
have been suggested fgr malanz data. Averages or anthmetic means,
standard deviation, frequency dustmbution, probable crror or vara-
tion, and correlatios may have a part 1 analyns of data.

The common standard clasnfication for age groups should be
adopted as follows

Age Gronps Deseniption

otor Babaes up mecludes infants of ages up
to 13 m(glr:t’;ns.gm ¢ tranmussion ndex g;:m:d
below only mcludes the first 12 months.)

2to4 Pre-school chuldren  (Toddlers.)

sto9 Juventles. (Sometumes the ages 2 to 9 are com-
bined 1n 2 juvenile spleen index )

10 to 14 Adolescents.

15 and over Adulss,

The validity of malania mdices will depend on techmque and
goodness ofstaymplc, and the mterpretation of the mdices will have
usefulness 1n disect proportson to the experience of the mterpreter

VI RECOMMENDATIONS

Malaria surveys are usaally related to malama control and will
frequently carry recommendations or conclusions of mterest to those
who must admimster public health 1 a commumity A rUWC‘)i'
report, therefore should carry wath 1t a set of well-conudered an
practical recommendations bearmg on the objectrve.

Spleen Indices .

The percentage of palpably enlarged spleens m a group 1s 3 spieem

rate butP:m Imgicx og]hc endemuary o?mzhm 1n the cc:immumz

reprasented by the group The spleen ndex 13 generally :ﬁm'dm

the percentage of children 2 to 14 cnmmcdmagl‘md
community at a given ame, W asc spleens on palpation are fo

to be enlarged. Some obscrvers prefer to use the age grovp 2 © 9
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so m the tabulaton of data 1t 15 well to keep this age group distinet,
and of course onc should define the mndex used  An adult spleen
mdex 15 also somenmes useful 1n cstmatng the Immune status of a
commumty For stance onc of the cﬁmf differences between
hyperendermiary and holoendemiaity 15 1n the fact that the adule
spleen rate 1s ligh m the former but low m the latter The survey
report should note techmque used 1 spleen palpanons.

Many ways of classifymg degrees of splemic enlargement have
been pr:!)poscd but the following 15 beconung the generally aceepted
standar

Class Descripnon

o A normal spleen not palpable cven on deep mspiration

1 Spleens palpable only on deep or at least more than
normal inspiration

- Spleens palpable on normal breathng bue “°‘£‘°J°C'°d
below a honzontal Ime halfway between the costal
margm and the umbtheus measured along a lme
dropped vertically from the lefe mapple

3 Splcans with low est palpable pomnt projected more than
halfway to the umbilicus but not below a line drawn
honzontally through 1t.

4 Spleens wath lowest palpable point below the umbilical
Jerel but not projected more than halfway towards a
horizontal Ime through the sy mphyms pubis.

3 Spleens wath lowest palpable point below the lower
Lt of group 4

The arerage enlarged spleen or 4ES 13 represented by a number
arbitranly determined by muluplying the number of mdividuals 1n
cach spleen class except class o by the splecn class number adding
these products and dividing the total by the number of those whose
m are palpable The resultng figure 15 the AES which by

on cannot be less than 10, An aterage spleen or AS may be
determined by dividing the total by the number examined 1c.
mncluding class 0 The splenometne hn};\ 1s obtamed by muluplying
thV;IIff]m index by the figure obtamned for the AES  {Sec Table

Spleen tion technique If ble the mdividual
cxamined E:Jlflti bema recur?l“bmt Pot;mon head at cxamiiner s lef,
thighs and legs flexed, entre body cd and comfortably disposed
The cxaminer 1cated at the subject s nght, places his hand on the
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bare skin m the splenic region at the left costal Preferabl
thcamshouldbccxpoﬁlbut, at any mtn.th:hangxhould;;bz

- - Q . scparated fromdmxhnbyclonb_

mg  Vartous ways can eanly be
devised to mect L}r;c mnd.ucg of
local modesty  Gently the hand
Elom the abdomen along the
left costal margm, up under 1,
and down below 1t, from mid~
Ime to flank. If no spleen 1
palpated 1n the normally breath-
mg subject, the latter 15 requested
to%)rmt.hc deeply and such forced
msptration may send down 1
leen so that 1t beoomucﬂ:ipo
" :ilc. It 13 then assgned to class 1
as 2 palpable-on-tnspiraton en
larged spleen The spleens
are ed in accordance with
the definitions :l;)x fT]'m'c B
also the uscful m of Chesto-
P 45 Spleen alpacon, child anding phers Smron and Covell of re
cording spleen uize 1 cenimetres of projection below the castal
m But for average purposes the above techmque secms hughly
o

Ifforsroymcraxonthmctobccnmmcdrcfuscmhcdawn,or
the arcumstances wall not permut them to almost as good an mdex
can be obtained with the subjects standing  The exammer sis or
stands at the nght with the subject s body ﬁ.ﬂ];fd]lu nght The
cxammer lcﬁnﬁmd presscs the subject s left shoulder forward and
downwards while hus rght hand, on the sk of the left subcostal
region, gently explores for the spleen. If none 1 found decp
nspiration 15 tried, as explamed above The same dmﬁauo:’rﬁ
wed. Occanonally 23 can be demonstrated, a very small spleen
bcmdmlmthadled:upmc,butmdmowhmthcchﬂdu
exammed while standing H:t_hmod;_ 1 practice there 15 close
agreement between the two m

Adult splenic mdices are not so easily obtamed as 2 rule, bﬂzol&m
of greater muscular development as as a greater rencencr about
the cxaminanon. But adult spleen mdices have value m the meer
pretation of 1mmune mamifestanons among 3 popualanon group
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These figures allustrate the fact that from clas v tocli v acthe
spleens became larger the percentage of bled mear poutives
mereases. Almost half of the class 1 spleens (4972 per cent) were
found 1 subjects who also had a posiive blood smear a agniticant
figure 1 view of the doubt which has been expreced abcut the
mdusion of this group 1 2 malama spleen ndex

The fact that spleen palpation made to obtin malina ndiees
requires spectal traming, \\{‘nd) general phvucuand and particularly
non-medical technicians do not often powew requires eunuderable
emphans. When phynicany withut malania sunvey trammy, work
with an enced malarologust ke the bite S T Dathing there
15 seldom full agreement about palpable spleens and their claswfica
ton m an\cimup of children unul there has been a peniod of
practce together  After the first or sccond day  wath rare exeeptions
there 15 complete agreement for there 15 nothing indefinie about
even palpable-on-mspiration spleens. The occanonal disa reements
after practice will usally be duc to succens or lack of success 1n
pcmnému;ﬁ a subject to take a really decp breath  Occavonally 2
very spleen may be p:dp:umf by a fist examiner but not
agam 1f the chuld 15 ured

It 13 surprisingly easy to include 2 tense muscle or tendon, or the
outer end of a nb_ with a class 1 spleen or to dugnose food in the
stomach or 3 hard foecal bolus 1 the larpe mtestne a3 an enlarged
spleen. One views with great scepuicism any spleen rates over 10 per
cent obtamed 1n pon- ous communines  Exceptin the presence
of kala srar exanthematous discase or a group recently vacanated
ag,unst smallpox, the writer has never seen 2 non-malarious arca



1 MALARIA

bare tkm 1 the splenic region at the left costal Preferabl
d1ca.mshouldbccxpo:§1bur, at any rate, the han xhouldnc:bz

- 'Q , separated from the skm by doth-

ing  Vanous ways can easily be
devised to meet the mmimg of
local modesty  Genly the hand
C:&Ploru the abdomen along the
left costal margm, up under 1,
and down below 1t, from mid
hne to flank. If no splem 1
palpated m the normally breath-
milub_]cct, the latter 15 requested
to breathe deeply and such forced
. m.;pl.rzuou may send down a
s cen 30 that 1t becomes
d :ilc. It uthmmgncdtocﬁipl-
as 2 palpable-on-inspiation en
spleen. The spleens
are classified m accordance with
) :1]\; defimtions above. fThcrc 5
the useful method of Christo-
Fic 45 Spleen palpetion, chld sisadmg. phers Sinton and Covell of re
cording spleen nze m centimetres of projection below the costal
But for average purposes the above technique scems lughly
ngigctory

If for some reason those to be examined refuse to lic down, or
the circumstanices will not permut them to almost as good an 1ndex
can be obtamed wath the subjects stan The exanuner sits of
stands at the t with the subject s body facng hus nght The
cxammer s Icft hand presses the subject 1 lefi shoulder forward and
downwards while his nght hand on the skm of the Ieft sub-costal
region, gently explores for the spleen. If none 1s found, deep
wnspication 15 tned, as explamed above. The same clamficanon 15
used. Qccasionally as can be demonstrated 2 very small spleen wall
be m class 1 wath g child supine bot m class o when the dhld 1
exammned while standmg Howocg:t m practice there 13 close
agrecment between the two meth,

Adult splenic mdices are not so ezsly obtamed, a3 2 rule, because
of greater muscular development as as a greater reticence about
the exammanon. But adult spleen 1ndices have value m the mter-
pretation of immune manifeatatons among 2 population group
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Thee fipurey shintrate the fact thar from cda v 110 claw g act
spleens become larger the pereentage of blaad amear poautn
mereases Almest halt o the claw 1 plemns {4000 per cont) we
found m subjects who atwo had a paative Bload mear a2 1gnitica
figure 1 view of the doubt which hay been expreed abow ¢
cluvon of thy group in a malana spleen index

The fact that spleen jalpanm made v btan malam mdie
requires spectal tramng \\gnh roneral phaucans and particnlar
nm-medical techngcrans & 0ot ten power requires < maderal
cmphiass . When phvaaans with ut malana survey traming, wo
with an expenen o malan Dy e like the Lite S 1 Darling the
1 oscld m tull agreement abv w palpal e splean and thar chfic
tim moans Yr wp of children untd there lu been 3 penod
practce together  Aftet the finst srsecond day wath rare exeeption
there n complete ageeement for thete 1 nothing, ndetimte aba
even palpable-on-spiration spleens. The occasonal disagreeniet
atter pracnce will usmally be due to success or lack of success
penuading 3 subjeet o take a really deep breath  Occanonally
sery small spleen may be p:lp:uecz by a fint exammer but 1
agamn 1f the child 15 nred

1o ss surprasiagly casy to include a tense muscle or tendon or ¢
outer end of 2 nb wath a class 1 spleen or to duagnose food in 1
stomach or a hard foecal bolus i the large mtesunc as an enlarg
spleen Ome views wath great scepuicsm any spleen rates over 10§
cent obtained in non nuEnous communities Except in the preser

A lhala avar evameticciiarmise o1
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Fi 45. Spleen palpation in school bouse, child ting dowr.
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Fic. 47 Spheen palpanon m the fickd, child standing.
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wath 2 spleen index over 10 per cent. He has never been able to
fmda V]“L‘c‘n mdex above 5 per cent m such non malanows atres as

T 4 Tilwpbl dwmcant malsr umvey m Guaaemsly,

Boston and New York even taking special care to find the class 1
spleens. Ross and his colleagues never tound an mdex over 107 m
London school culdren Darding never over 15 per cont in Fijn
and Boyd not over -7 per cent 1 Lorraine County Oluo

Parauite Indices

The percentage of persons exanuned who have plasmodua in their
blood films constitutes the paraste mdex  But of course certain
classificanon 13 necessary  For instance 1t 13 proper to differenniate
total or conhined parasite from say a yuvemle or an adult parasite mndea
Some absers ens define the parasite rate as the percentage of children
ages 2to 14 found at a speaified time to have positive blood smears
Other malanologists include only ages 2 to 9 There 1 also a
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transmssion ndex someumes called an infmt parasite index which
takes in only the ages up to 13 months mclusve. In such a group nt
ts certarm that, barnng a rare congenital case, the infections must
have been acquired wathin the previous year Thus one obtans an
mndex of acrual 1 n M 2 o 7 Relapses so compli-
cate the findmgs 1 older age groups thar 1t may be imposuble to
gauge correctly the degree of transmuswon actually sakang place.
Commonly thick smears are examuned for 5 munutes or thm
smears for 15 minutes as 2 standard practice m determming mdices.
The number of parasites per cubsc miflimetre m any grven mdrvidual
1s the paraste count The mean or average parasite count for a

TABLE VIII
SpLEEN INDICES IN MArARA
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commumits or age group constitutes the para ite dnaty and w thus
3 measure of ntenuny Combinmg counts one can determine
aicrage and arerige poattie paraaf Cmes '\'p(ﬂrt HU om rifes arc
often wed to determine the paraure frmuls or relanve prevalence of
speacs The average number of parasites pre<ent per cubie mull
metre of blood of thow found poanve for parastes 1s also someumes
called the index of parawre inf tation The term awte inf stanm 1s
somctimes apphied 1n a hghly endenuc arca to the carly stage of
wfection among children who have 2 hieh parastemua and acute
Mness The term immime nf canen 15 then apphed to the stage of
infection seen m older children 1in whom parastenna s low and
acute malana 1llness much less common

The aggregate malana indes «ometimes called the Ross inde v 1s that
total pereentape of indidualy ampled whose blood 1 foumd
miccred wath plasmodia or whese spleen 13 palpable or for whom
bath cxammnanons were poutne

Mosquito Indices

Anopheles density refen to average number o adult insects ot
a grven spectes collected per howse per roam  per catch per square
foot of resting surface or per standard trap or per ume period ot
collecting Tt should be defined 1n cach surves report So too there
are variows larval density measures as per tme dipping. per dip per
square foot of breeding area or other sandard to [:'c clearly defined
wn the report. The total number of anophelines in an area consututes
the Anoplieles population

The percentage of fenule Anopheles of a given species in which
malana sporozones are found by dissection 1 clled the sporo~osre
index  An oocyst inde refers only to oocysts but an mifectton indev
combmes sporozotte and oocyst fmdings  Always record the more
important sporozoite mdex separately whether a combmed index
15 presented or not - The term infectire density tefers to the number
of sporozone-beanng 4napheles of a given speaes per room or
house or other area 1n a gaven wmit of nme  The fnecularion rate 1
the proportion of 2 populanon receving nfecave mocula in a given
unt of ume. Relanons between an moculation rate and a paraaite
rate are not well understood  Not only are there pracucal diffi-

ues m measunng mosquito infective tes but the two rates

are complicated by the complexaty of infection and recovery which
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m malana mvolve such obwcure phenomena as immuminy relapse
and supermfection. The best elue to amount of malana transmission
m a commomn comes from a <tudyv of mtecnon rates m mfants,
This 15 true despite <ome mdication that babis are bitten less
frequently than are older children and adules by such a vector as
albtmanue 1in Jamaica



MALARIA

Fic 49 A, O8cpo. B, Sporozoues,






PREVENTION AND CONTROL

Foreword Malana control 15 s sumple as presenbmg 3 mblen of
chlorogume a week, and it 15 as COIIII,PIH as dJcb?Lfmbuuon of
restdual DDT on the walls of 3 000 000 houses 1n Brazil m a 5
year Ituns?ﬁyaxrc] :E;crosolxprayaudltuumchm y
exactng as the anti-ano, c cerng operations of the
Tennessee Valley Awthonty The o?d.‘g: H:;t?cfmzkd waste,
and Look before you leap as well as No ventured, nothm%
gamed, all have basic 1mplcations as regards malina contro
schemes. But the greatest smgle danger bes m fetshes sometimes
chenished by santarans who should keep therr minds as cleanly
fimctional as ther spraying equipment. Bewsre of whar has been
alled the proudice of expenence.  Just now DDT too often
recerves blind reverence winle the study of mosquitoes and of how
to elmunate their breeding places 15 1gnored. Yet sound practice
mvaolves mdividual consideranion of each local problem to determine
the logical solution 1n the light of available knowledge Dramage
and entomologreal research stll have importance m malana control
m certam places  Sir Maloolm Watson proneer m controllmg rural
malama by mosquito reducton sad 15 room for every
method m controllmg malama, but from the very first the wise
saniranan will remember that the more economical hus operations, the
more extensive will be the arca he 13 able to frec from the discase.

One should cling tenacously to sound general prnaples whule
departmg from conventional methods m order to meet Jocal
needs. Obviously 1n view of the complex epidemology of malama
and the muluple lnes of approach to 1ts control those applying
tunds m thus freld have a special responsibility to com; the
agmficance of what 15 bemg done and to determne if 1t em be
done more effectvely and cheaply A pracical imderstandmg of the
local epidemuclogy of malarta, mdudmlj patural history of vecton,
1s obviously 1mportant, and there should be adeguate records and
audits of results dunmg and after 2 project.

For all but the sm:ﬁdt u;:mhfz control pro_]ccf:.l an Org:.ruDd:luﬂ
1 required and whether | state, or nauonal m scope, there
sh:?idbca:mﬁofmmcdpmmﬂd backed by necaxsary funds,
authonty and dircctives—all on a scale commensurare wath the size

of the problem.
122
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Classifieation of control measures A grear many measures of
malaria prophylaxs and of mosquito control arc histed m standard
textbooks and onc should be acquanted with the hiterature. For the

urposcs of these lectures and an average control project, the
Fol]omng fist includes the most important.
1 Measures desigued t3 pret ent mosqitocs from feeding cn man using
llents, protective clothing and bed nets screening and site
ﬁ:ctmg

— Measures designed to destroy adult masquitees using sprays and
actosols, both space and residual mdoors and outdoors

3 Measures ‘Esxgnrd to destroy mosputo larae using hrviades
mtermittent drymg shoemg,

4 Measurcs disigued fo reduce mo qinto density by altering or elimm
ating freeding places making naturalstic improvements practsimg
water management filling and drainme

s Measures dessgned to combat plasmodia clmeal and suppressive
therapy

Pertnent laws and well focused educanonal measures are often
very helpful in faalitanng malana control measures.

Repellents The application of chemicals to skin clothing or
bed news, m order to repel mosquitocs, 13 a useful measure of malana
control and many substances have been recommended for the
Em Mdeally a repellent should ward off mosquitoes and other

looa icking arthropods for at least 12 hours after applicaon and
1t showd not imtate the skin or have other toxic effecn. It thould
not macerate the skm 10 hot climates or offend the nose. It sthould
be sumless and harmlens to personal effecn. 1t should be easly
washed off with soap and cold water but not by perspiration or ram
Tt should be cheap and not subject to detenioranon when stored m
any chmate. Necdless to say no such compound 13 known. But
thereare four available which havereal practicality  These are indalone

n-butyl meutyl omde oxalate) Rutgers-6r2 (2-ethyl-r 3-hexane-

ol) dimethyl plthalate and a muxture of the three called #-2-2 (20
parts each of the fist two and 60 parts of the third) Aganst
Anopheles mosquitoes the best 13 6-2 2 (average protection, 4 hours)
next comes dimethyl phthalate (average 3 houm) Rutgens-612
(average 1 hour) and mdalone (av § hour) In the tropics
if one cannot obtam these modern repellents 1t 13 wsually ble to
buy atronella ail which will give protection for pmodl.xn:? 15 to
20 munutes. Renewed at these frequent intervals, it funcnons well.
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In fact, 3 little aatronella added to the =
merease thetr usefulness epellents named above wi

Durmg the hours when mosquitoes arc active, repellenes sho
be applied iberally to exposed or lightly covered skin, zvmdzlzlzlg
mucous membranes  Also avoid wetting any such plastic surface
as 2 watch crystal, fountam-pen case or nylon gy bocamse
the newer repellent are plastic solvenn. Anophelines do not always
annoy when they feed and therefore they may not be noteesble.
Consequently routine applicanon of repellents at dusk and dawn
1s advisable n malarons areas whether the msecty seem to be
about or not.

Repellents spectally dimethyl phthalate, may be applied to
clothing rubbed on by hand, blown on by sprayer or :flowcd to
tmpregnate as the material 15 dipped mto 15 t0 20 per cent solunons
or emulsions. The dothing 15 dned before bang wom  The
mpregnanon method will impart to clothing a repellency agamst
mosquitoes which may last 2 week. Bed nets and other nettng,
even with meshes as large as } 1n. square (6 35 mm.) when treated
with these repellents wall tum away mosquitoes for days.

Protective clothing Special head nets with § in mesh, impreg-
nated with a repellent, may be useful m places where mosquiroes
are unusually numcrous. Gfova to the elbow and mosquito Fants to
the knec arc also advisable 1n some areas. Somettmes by + .nn
3 or 3 pairs of socks or by wsmg a pillow ship or sarong on avos
the bite of 2 malana bearmg mosquito on otherwise exposed |
Thete arc new types of fabne, such as Byrd doth, nylan
poplm, and heavy nylon through which mosquitoes cannot prerce.
It 13 advisable at sunset, where malarza 1s prevalent, to change from
shorts o trousers and o roll down onct decver or don a cost.
Pervertely cnough, the hotter and more humid the chmate and the
less the evening breeze, the more need to use prosective dothng
nes and screens.

Bed nets When malina transmussion 1s 2 mghdy possbhey
spocsally m rooms unproteeted by scremmg 2 good mosquito bar
or bed net 18 an cffective personal protecve measure. Even wa
acrecng 2 bed net 15 advisable as 2 secan linc of defence m

y endermuc areas. Moreover m 2 tropical environment, nets
2ﬂ give protection agat assorted noxtous msects and amall

vermimous creafures.
Thcgnu:shofabednctshouldbcsmaﬂcnoughwexdudcmm—
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quitocs and the thread sufficiently strony, 10 wathstand hard usage.
Somctimes a finer mesh 15 used to heep out such small insects as

‘ﬁ—-‘?’———-—‘—"
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andflics. But all bed ness iterfere with asr movement and should,
therefore have openings no smaller than necessary  Mosquitocs
unhize the greatest, 1¢ the dagonal clearance when pasung through
a cloth or wire mash openmg  Tasty indrcate thac 1t 13 phymeally
impossible for a female masquito to go through an openmg smaller
than 0045 m (1 14 mm ) square (0-064 1 or 163 mm. diagonal)
and st 15 generally belicved that a 0047 m. (1 19 mm.) square 18
1afe  The small fibres protruding from the threads of a cloth net
make 1t possible to use wider of and, of 1m nated with 2
repellent, then a sull larger mﬁ%’, be med. P

White suff bobbunet 15 2 surtable materal, and rectangular-shaped
nets give better protection than do comal. Nets should be ren-
forced at the comers, have a nppered side opening or nonc at all,
and should be 30 hung that the body and extrenunes of the sleeper
will nor come agamst dhe udes of the net. Various modifications are
easly made for thowe who sleep on the floor or 1n hammocks
The basic idea obviously 15 to outwat hungry mosquitoes  therefore
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In fact, a httle atronella added to the repellen
ncrease d]tc]l:g usefulness. ' named above wil

Dunng the hours when mosquitoes are acave, repellents shoul
be applied liberally 1o cxposed or bightly covered shan, avozdom:
mucous membranes. Also zvord wetting any such plastc surface
as 2 watch crystal, founmin-pen case, or nylon stockmgs, because
the newer repellents are plasic solvents. Anophelines do not always
annoy when they feed and therefore they may not be notceable.,
Consequently rouune application of repellents at dusk and dawn
1s advisable m malanous areas whether the msects scem to be
about or not.

Repellents, specially dimethyl phthalate, may be apphed to
clothmg rubbed on by hand blown on by sprayer or allowed to
tmpregnate as the matenzl 1s dipped 1nto 15 to 20 per cent solutions
or emulsions The clothmg 15 dued before bang wom  The
impregnation method will 1mpart to clothing a ency agamnst
mosquitoes which may last a week. Bed nets and other netting
even with meshes as large as } in. square (6 35 mm.) when treated
with these repellents, wall turn away mosquitoes for several days.

Protective clothing Special head ners wath } . mesh, impreg
nated with a repellent, may be uscful in places where mosquitocs
are unusually numerouns. Gloves to the elbow and mosqumito Fonts to
the knee are also advisable 1n some areas. Sometimes by .Lruf
3 or 3 pairs of socks or by using a pillow slip or sarong on le;;.
the brte of a mz.lzm—bca.unim utto on otherwise exposed
There arc new types of fai nc,mr?xch as Byrd cloth nylon-filled
pophn and heavy nylon, through which mosquitoes cannot prerce.
It 18 advisable at simset, where malana 15 prevalent, to change from
shorts to trousers and to roll down one's slecves or don a coat.
Perversely enough, the hoteer and more homid the cimate aud the
less the cvenmg breeze, the more need to use protective clothmg,
nets, and screens.

“Bed mes When malana transmisaon 15 2 mghtly posibalty
specually m rooms unprotected by screenng 2 good mosquito
or bed net 15 an effective personal protecuve measure. Even wi
screcnung 2 bed net 15 advisable a3 a secon Ime of defence m
Iughly endemic areas Morcover m 2 troj environment, nets
often’ give protection agamst assorted noxious msects and small

ermind tures.
\ The futha.;z bed net should be small enough to exclude mos-~
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quitees and the thread suffiaently strong, to withstand hard usage
Sometimes a finer mesh 15 used to keep out such small msects as
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sandfhics. But all bed news mterfere wath air movement and should,
therefore have openmgs no smaller than necesary  Mosquitoes
unbze the grearest 1.c !ﬁ duagonal clearance when passing through
a cloth or wirc mesh opening  Tests ndreate that 1t 13 physically
tmpossible for a female mosquito to go through an opening smatler
than 0045 m (1 14 mm ) square (0064 1n or 163 mm dugonal)
and 1t 15 generally believed that 2 o-oy7 m. (119 mm ) square 1
safe The small fibres protruding from the threads of 2 cloth net
make 1t ble to use wider opemings and 1 1m ted with a
rcpcﬂmxp?hﬂcn a stll larger mesh mag;bc tried P

Whte suff bobbinet 15 a sweable material, and recangular-shaped
nets give better protection than do contcal  Nets should be remn
forced at the comers have a mippered side opening or none at all
and should be so hung that the body and extrenutres of the sleeper
will not come agamnst the sides of the net. Varous modificanons are
casuly made for those who sleep on the floor or m hammocks.
The basic 1dea obviously 15 to outwit hungry mosquitoes therefore
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+ winch bold down the edge of the net.

icreening The screening or mosqmto-proofing of dwellmgs
s not have the urgency 1t once had m some formerly malanous
fty-ndden areas now protected by residual mnsecuades. More-
t there 15 sull no type of screening which 15 economueally
able for the thatched mud hut of tropical and subtropical
ions. But m many communities screerung stll has importance
mst mosilmtoc, house fhes, and other msects.

I properly sareated Jousey, not only are doors and wiadows
tcctcdpc':ut also all other openmgs ugh which mosquitoes
ht cnter  The type of wire screenmg chosen should give
uate protecnion with mammum durabibty and venalaton.
16 United States the standard msect wire screcning 15 made of
ramzed steel commercual bronze, or alurmmum, and the standard
hes are 16 X 16 18 X 14, and 18 X 18 Wire duameter of the
nmium type 1 0013 . and of the other two 1t 15 o-o11 .
16 X 16 mesh, woven wire screening which wall exclude most
phelmes and cuhcmes 15 generally sineble in the United States.



PREVENTION AND CONTROL 17

But 1t docs not keep out all Aedes acgyptt females, so 1t 1s usual m the
tropics to speafy aither 18 » 18 wire screenimg or clse 2 16-mesh
with a heavy wire Mesh 1s defined as the wadth of onc openmg
plus the thickness of one wire Consequentdy the size of the openmg
vanes with the diameter of wire used 1n a gven mesh size. Any
mesh which has openings approxamatmg but not exceedmg 020478
m square (o7 m or 170 mm diagonal) may be conudered as
unsfactory 1 practcal we  Regular 18 X 18 mesh wath a ware
diameter of 0011 to 0013 1 and an axcrage aperture wideh of
00456 n or heavy 16-mesh wire cloth wath a wire dameter of
00150 m and an aperture width of 0:0475 10 are common s1zes 1n
copper screenmg Dunng World War 11 2 new mesh of wire
screening was introduced  Ithad 18 warp (length) wares and 14 filler
(w1dth) wires to the inch mstead of the standard 16 X 16 Hence
the opening, was rectangular The dugonals actually vacied from
about 0:07.8 to 00733 m, It functioned as well as the 16 X 16 but
not so cffectively as 18 X 18 wire screen

Many mat have been used for sereen cloth, including pamted
steel, galvanized (1¢ zinc—coated) 1ron or steel, bras copper
alumimum  phasphonzed bronze moncl metal (mckel 67 per cont,
copper 28 per cent other metal § per cent) and certan plasncy
The last named wall not rust and they are mexpensive but arc
casly damaged. Sea air in the tropicy 1s very destructive to screening
and 1t 13 sound economy to nstall the most resustant ware cloth
avalable such as that made of alummium, bronze or of g9 per cent
copper  In the Canal Zone for many years the standard has been
hard-drawn copper wire 99-8 per cent pure 0'01s m. dumeter
16 meshes to the mch  Thus gives an aperture of 0 0470 n wadth
Wire screen cloth of all kinds 13 sold 1n 100-foot rolls of standard
wndths varying from 24 to 48 .

There are some general prneples about screening Por example
screen doons should open outwards not inwards they should be
made of scasoned wood and fitted wath braces to prevent sagging
they require protective pancls for pushing or hacking aganst. Screen
doons should close agamst battens which block crevices between
door frame and the wall Imtcl, or floor and they require a stron

nng to ensure automatic tght closing  Good workmanshy anﬁ

requent mspections are dcnnilc In malanous areas, pnivies should
be mosquito-proofed

Site selecting  Somctimes a great deal of future woe can be
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apprasal of the local cprdemiology of malana. All too often while
scenisc or utdiry features arc taken mto consderanon the potental
malartousness of 2 nte 15 overlooked. Sometimes only a few mules
will make all the difference between the need for constant malana
control and for none at all or anly a httle,

Destroying Mosqumitoes
Spraying adnlt mosquitoes Modemn methods for destroying
aduﬁrx; ustocs consst prmapally 1n the wse of msectiadal sprays
0;1 (smokes and fogs) mndoors or outdoors designed esther

and aero:
for immedsate effect m spaces or for rendunl cffect on surfaces. In
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the past such measures as sv ating collectmg and trappmg mos-
quitoes, bummg pyrechrum powder or fimugacny, with tagous
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chemucals have been advocated and more recently the use of dusts
of pyrethrum and DDT  Bur all such mcthods scem less useful
agamst adult mosquitocs than the latest sprayy and acrosols.

The dounction between 2 spray and an aeresel 1s ane of droplet
sure—the former beng coarse and the latter microscopic  Acrosols
reman suspended m the awr for pertods up to an hour ot more
while ordinary spravs fall rapidly Insecnadal fogs made up of
bqud partcles, are wet smokes conasting of sold partcles are dry
Each 15 reterred to a3 an acrosol

Space spraymg anns to kil flymg, or resung mosquitoes by
contact with the msecuerde at the ame of spra or very so0n
thereafter whercas the prmaple of residual spraying is to apply tow-
cans 1o surfaces on which msects will rest and from which they can
prck up Jethal amounts of the toxicant for weeks and cven months
after thespraying. Of course space spraymg siay have some rendual
effect, and residual spraymg may kill those mosquitoes wath which
1t comes into direct contact. Reudual spraying 13 sometumey called
:p;zﬁ pamtig although usually no pane 15 apphed m the proces
Both space and rewdual spraymng are sometimes called spray lalling
of mosguitoes.

The term honse sprayiug m 2 commumty generally mdicates that
the mnde walls or spaces of all the rooms of all the buildings have
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been sprayed. Limited house spraying impltes that only certan
structures or only some of the rooms are mcluded 1n the spraymg,
On the other hand, premises spraying 15 2 term grven to the spra

of the mnsde walls or spaces not only of houses but of outbul

and amumal shelters as well The ‘words area sprayug

mdicate out-of-doors spraymg of an open space, someumes an
zscénul;;y ground hs.oimctg;ml acres of countryside. Both space and
res, raying have apphied to open areas but as 2 rule
there 15 hsglc rcsﬁlu.ﬂ effect. i b

In evaluanng the malana control effect of residual spraymg ome
should depend on malanometnc mdices and not be too much
concerned about the madence of the vector mosquio  Aav
measure which destroys vectors before the makima plasmodia m
them can reach matunty and become mfecuve sporozortes, wall
mterrupt transmussion regardless of the prevathng denmty of the
lacvac or the numbers of adults being collected made or ootsde
houses. One effect of rendual sprays 1s to reduce the overall age of
the vector mosquitoes so that many do not mature and do not
oviponit. Another frequent effect 18 to reduce markedly the biung
rate. Finally over a perod of yeans DDT resdual spraymg may
almost cradicate a vector speaies but this effect 15 not a rapid one,
s0 that a single year s spraymg may appear not to have had much
cffect on the msect.

The most senutive measure of the effects of a spraymg project
will be the mfant parasite or transmussion mdex, frequenty reduced
to zero by one year s spraymg  Next, one will note a decrease 1n
mtensity of mfections as shown by lowered parasite counts later a
lowermg of the general parasite mndex, and finally of the spleen
index. In highly malartous areas one may sec no cant
m the spleen mdex for 2 years or more, specrally if the spra
communty 11 not an uolsted one. Consderable movement of
people m and out of the treated ares will delay the appearance of
lowered mndices. If posuble, the arca under treatment should be
large enough to allow free movement of the people wrthout danger
of thair becommg infected. Dependmg on local hatuts 2 munimum

f mles may be necessary
° mucntzfc Pnoryto and dunng World War Il larvicidimg was

Ily the method of choice m killing mosquitoes. But the develop-
:::t ¥)£ spray kalling duscussed above, has shifted the emphass ro

an amack oo adult mosquicees. In many areas malara control 1
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now more economical more certam and more rapd hj; means of
renidual spraymg and 1t 15 not necewary to add hrviading to the

Fio 4 U »pra mpg outtrt for tendual spraymg of DDT m kb
Coarteyy Doctor D b 5u\m:ﬂun.Bﬂnhay) e

operanon. But where for mstance a few small nver-bed pools
constitute the source of the anopheline vector it may be more
Jogacal 10 larvicade these few pools than to sprav all the houses.
One never says never and always avouds the word always n
prescabing malania conerol pmwx:\m under varving condions.
Both larviadimg and dranage which wall be discussed later sull
have usefulness 1n certain mtuatnons.

A perfect arviade would be strongly poisonous to larvae rapid
m acuon inexpenave fully effective argzmst all species of mosquito
eggs, larvae and pupac in all kinds f water easy to formulate to

K
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1n the past has been placed m petroleum ols and Pans green. Smee
World War II several new and useful toxicants have become avail-

able. These are discussed below

Mosquito Toxicants

Oils Mosquito larvac have been attacked wath otls for many
years, but, t as solvents for other toxicants oils have not been
used as adulnardes. Oils kall larvac cluefly by towac action exerted
directly on the tracheal cells of the msect or mdirectly through
narcotzation, resulting 1n drowning  If the o1l blocks the tracheae
or 18 50 thick on the water surface that the larvae cannot penetrate
the film to obtam air then the larvae will suffocate. But m practice
1t has been found cheaper and more certain to utthze the toxic effect.
O1l, to be smtable as 2 mosquuto larvaade should have lugh toxiaty
to larvae and pupac, should spread casily and cvenly on water surface
to form a stable film, penetrate quckly mto the trachezl system of
larvae, have an ioffensnive odour be non-toxic to fishes, waterfowl,
and hvestock, and be reasonably priced. Such oils arc available.
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The followmg specifications apply to good laviaidal ails - Fisst
the o1l should ‘he homogencous and stable not separating mnto
fractions or deponting sohds on standing and 1t should be free from
any foragn matenal which would clog spray nozles When
applied as 2 contmuous film on clear water 1t should kill within an
hour all egps Larvac, and pupac of all mosqwto speaics it contacts
(Certam Mancomordes Janvac attached to the roots of Pistia plants are
not contacted by a surface adl film onlv by emuluons or water
solutions. They obtam air through the roots of the plant.) Speafic
gravity of the otl should be between .7 and 38 viscom between
30 and 4~ mtal botling pomt between 185 and .30° C. final
botling pomt, maxmum 4.7 C. spraading cocfficient mimmum

170

fn open wells or asterns gasolme (petrol) wall kil all aquanc
stazes of mosquutoes then evaporate leaving no odout or taste 1n
the water Tt has senous fire and theft hazards. For munor oiling of
puddies and pen-domestic dran, herosence ‘(dlununacmg paraffm
or leum o) may be weful. But i film 13 thm and eanly
broken, and the ol 1 expensive and subject to theft.

Larvniadal oils may be applied by knapsack spravers various types
of power sprayers and from acroplanes. An active [abourer can
spray about § acres per day with a knapsack sprayer if the terran
1s not difficult. The amount of o1l required to weat an acre wath a
untform larvicidal film will vary from 15 to 20 gals. This requure-
ment 15 stnkingly reduced—to dess than a gallon—when the od
contatns § per cent DDT as desenbed below  Vanous types of ol
dnm\s and bubblers have been devised for continuous apphicanon
of larvicde to running water  None has proved very satstactory

Larviadal eiling has certain disadvantages. For mstance, trans-
poranon and gare 1ve because of the waight mnvolved
watet recently oiled 18 unfit for bathing washing clothes or drnk
g fishes may be kalled by o1l wind or ram may dustupt the film
soon after oiling oil will not penctrate among or floatage
o1l repels mosquntocs so that they may depost nEcu ova elsewhere
m untreated, unsuspected water  However o1l 15 canly obtamable,
1t Jalls all aguanc stages of almost all mosquitocs, ﬂl!lt 1 planly
vmmble after apphicanion so that mspecnon 1 readily carned out.
Addmg toxcants ike DDT greatly adds to the larviaidal cffeens a3
described below

Pans green The uscfulness of Pans green as an Anopleles
larviede was discovered 1 1921 by Barber and Hayne. To kil
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larvae, ths double salt of arsenute and acetate of co CO
Cu 3Cu (AsO,), 15 30 applied that small pa.mclgpgf'(thctl:—l:omgn):
will float on water and will be mgested by surface feeding anophe
Iines which will die of arsenic~copper pousoning  For such use, Pans

cen should contan from 50 to 55 per cent of arsemious omde and

fine enough to pass through 200 to 300-mesh sicve. Parts green
13 usuall &wmcﬁthcﬁcldmrhcform of 3 dust mmxed with 2
cheap diluent or carner such as dry powdered soapstone, talc, slaked
Lime, road dust, powdered charcoal or some other locally available
and satisfactory material.

Paris larvicrdal dusts may be spread by hand, by small
bellows blowers knapsack blowers hand or power rotary blowers,
and by acroplane. For hand-spreading 3 per cent Pans green by
volume should be used n the dust for blowers where veget-
tion 13 not abundant, 1 per cent may be sufficent. Power blowen,
throwng the Lrviade for distances up to 200 ft (61 metres)
require § to 10 per cent muxtures and for acroplane duspersal the

fcrccu of Pans green may mse to 50 dependmg on results of
omluE

The usual dose of toxicant 18 10 gm. (035 0z.) of pure Pans
green per 100 square metres (0-025 acre) of water surface (approx.
14 oz. per acxe) or for 8o metres (373 ft.) of bank-suide breedmg
area. Larger doscs are required where vegetation 15 dense. It 18

crally possible for one man to prepare and spread Parss green
Emd: ong some 2,000 metres (T 1§ m:_lc:z7 of per workmg
day This would requre 250 gm. (055 Ib) of Pans greem or
approximately a5 kg (55 11b) of muxture. It 1s best to spread the
Panis green larviade 1n the forenoon after the dew has dried and at
2 nme when the larvae are feeding actively

Another method of uning Pans green 13 to preparc a ytock suspen-
sion having 500 gm. of Pans %m pet litre (1 11b /qr) of kerosene
or Diesel o1l Ac the place of duspersal, 1 part of this suspension 15
added to 100 parts of water and applied from a knapsack sprayer

The disadvantages of Paris green are that 1t 15 not always easly
obtanable, 1t has no effect on or pupae, and hrtde effect on
cubicme latvac which feed mostly below the water surface, and the
larvicide 1s not easy to see when making mspections.

On the other hand Panis green 15 not subject to theff, 3t 1s casly
transported 1t does not make the water unitt for bathing washing
clothes or even for dnnkmg 1t docs not kill fishes or Trvestock,
Pamgrccu.hkcnﬂlzrvmda.unpommdmmtbchmdlcd
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mtclligendly but 1n ordinary use 1t has not been a menace to health.

Pans green has not had any practical wsefulness agawnst adult
mosqumtocs

Pyrethrnm  The use of pyrethrum powdcr as an msectnadc for
houschold vermmn scems to have ongnated m Pera several
centunes ago  Introduced 1nto Europe at an unknown date 1t was
first manufactured there m 1828 Dunng the past 25 yeans, pyre-
thrum laniades and parncularly 1magocdes have had considerable
value 1n malana control At the present time the usc of this toxicant
1s confined very largely to space spraymg

The flowers of the plant Chrysanthenum (Pyrethrum) enerariae-
Jolim grown commercually chicfly i Bnnsh East Africa, Delguan
Congo and Japan contan 0+7 to 3-0 per cent active pnnciples or
csters called pyrethnns 1and 11 and anenns 1and 11 These are contact
porsons to which the cuncle of a mosquito 15 quickly permeable and
to which the msect s nervous system 1 highly vulnerable  These
actne panaples, unstable m the presence of light, mousture and air
can be extracted from coarsely ground dned flowers by certam
solvents such as kerosene  (Somewhat similar msecticedal prmerples
are present m certam other plants. For mstance, a substance as toxe
as pyrethnins to house fltes, which has been 1dennfied as N sobutyl-
- 68 decatnenanude and given the name scabrin has been uolated
from 2 Mexican plant, Heltopsis scabra Dunal.)

Erther as a diluted kerosene extract or as 2 water cmulsion
pyrethrum makes an cffective mosquito space spray It has a mms-
mum rendual cffect as ordmanly used but, provided the malana
vector mosquutoes are restmg 1n the shelters at the ame of spraying
1t 13 posuble with pyrethrum sprays to kill them effecuvely and
cheaply By doing this once a week the infected mosquitoes are
destroyed before Slcy become nfective and malana transmismon
therefore ceases, althouph the density of the vector 1 not much
affected. No doubt the almost umiversal use of such spravs in the
southern United States 1n the 19308 and 19405 helped materully to
reduce the malana nadence to 13 present near vamishing pormt.

Standardized concentrated cxtracts of pyrethrum are marketed,
and when diluted with kerosene they male excellent sprays  There
are also avatlable many ready prepared pyrethrum sprays for house-
hold use  Cheaper formulanons can be made by umply soaking
dried coarsely~ground or crushed pyrethrum flowers in kerosene
for 72 hours, at the rate of 1 1b of flowers per gallon of kerosene
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A good quality water-whate, and nearly odourless kerowcne should
bclzﬁcd vcil:]m dx]v:zgwt stans and odours muost be avorded,

gen ¢ best pyrethrum sprays for kalling adult mtoes
contain no less than 0 4 per cent of the actrve esters, bmmaml

ys average about o1 per cent. The dried flowers sometmes

eteniorate considerably 1 storage so that m spraymg operations

ng f:dyrcf.hnnu 1¢ 15 best to test tlﬁm ofﬂowm%m e

utdoor area space spraying wi cthrum has sucoessfully
protected for several hc:Purr: gntghcrmg) 1Z)yf:rpcoplzc occupyng from
100039 fi. to 4 or 5 acres. Kerosene 100 gals chmnncmna
equvalent to 100 Ib of flowers, sodium lauryl sulphate 6 1b., and
water 50 gals. mixed together make up the w—c:.ﬁcd New Jerscy
Mosquito Larviade, Thus 13 diluted with 10 to 15 parts of water
and apphed for area space spraymg as 2 must at a concentration of
50 to 150 gals. per acre.

Dunng Worﬁa—War T Iiquefied gas asrasols were extensively vsed
to kill mosquitoes The prncipal formula was pyrethrns o4 per
cent (2 per cent of a 20 per cent cxtract) sesame oil 8-0 per cent,
and dichlorodifluoromethane  (Freon-13) 90 per cent. As the
hquefied gas 15 released from a contamer holdmg this muxtare, 1t
immeduately vaponzes and disperses the pyrethrms mto the space
sprayed. In other words thlc mellgx/z acts as a pr;lxllmt for df;
so-called high-pressure aerosol (67 5 1b /sq m 2t 68 F mcreasmg
185 1b at ‘ssﬂ) A pound of the muxture effecvely kills alt
MOSQUItOES 11 .00 000 £0 350 000 cu. fi. of space, No less than
40000000 1-lb aerosol bombs were purchased by the Armed
Forces. Towards the end of the war 1 order to provide more
toxiaty to other msects mn addinon to mosquitoes the formulz tc\;‘ﬂ
modified as follows pyrethrms o4 per cent, DDT (serosol g2 c;
3 per cent, cyclobexatione 5 per cent, lubnicang oil (SAE 10
s cent, and Freon-12 85 per cent.

Plfu*— essure aerosols hach}:m developed on the same gms‘;l
ponciple smee the war  These bave pressures of 24 to 40 1b at 70
There are several formulations. For example, Freon-13 18 mu;]“
cqual parts with Freon-11 (mchlorofluoromethane) plus the =
toxcants—DDT aud pyre cr wath 2 P‘“"L’umm
tllate and Velscol AR=s0 to keep the DDT i soluton. :
beer-can acrosols may be sold more cheaply because the lower

ure permits a hghter contaner
Pm’lf:)xncctthcspcguﬁanomof'agc«)dacwsol.thlc %
particles should not be Jarger than so mucrons, and at least 80 pet
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sprayed on surfaces upon which msccts walk or rest, as first noted
for house fhes by Wietmann m Swatzerland n 1943 and for
mosquitoes by personnel of the Orfando Laboratory of the U'$
Bureau of Entomology n 1943 DDT s also a good lariade.
Essentially the manufacture of DDT starts with the chlormating
of alcohol to form chloral alcoholate, which 13 then broken down
mto chloral and alcokol by sulphunc acid. The resulang chloral
1 cha:f:d with benzene and oleum m a reactor for some honrs to
form the DDT which 15 then washed with water and neutralized
with soda ash. In a dryer the chlorobenzenc 15 recovered and the
DDT 15 solidified 1nto a white to cream-coloured crystalline solid.
The commercial or techmeal grade 1s somewhat soft and gummy

and consists of a mixture of 70 to & per cent pa pome, and
I to 25 per cent ortho-para pnme ssomers and about 5 per ceat
of some 10 or 13 other compounds The para prime 1somer 13

the most important lethal component and the best grades of DDT
should have 80 per cent of this somer a3 may be ascertamed
by chemucal analyss. Recrystallized DDT conusts largely of thus
para para prime 1somer

Some o believe that the mchloromethyl group com-
ponent of DDT 15 2 ipid solubilizmg group and enables the toxtcant
ta penctrate cuticle whereupon the iu—(p—chlomphmyl} methylene
group kalls the msect by attacking vital neuro~muscular centres
probably through effects on certain enzyme systems of the insect
nervous system.

Solvents DDT 1s practically msoluble in water but st dissolves
m most organte solvenas, which may be clamnfied bnefly 23 follows
(x)uahphanc hydrocarbons such as crude o1l and petroleum denvanves
whuch have ted capacity for DDT (3} arematic kydrocarbons
such as velucols xylene cyclohexanone, and naphthay, which have
high DDT amaty (3) chlormated hydrocarbous such as ortho-
dichlorobenzene and trichloroethylene, with high capaaty ()
ligucfied gases wuch as the freons with low capaaity (Savfg{f le
oils mvf as sesame, caxtor and cotton seed, with generally low
capacity (6) muscellaneons organic compormds such as aloohols, ethers,
and ketones, with vamable capaaity ~ (Sec Table IX.)

Commercul preparations DDT and other new roxicants
described below are sold m vanous o1l concntrates, emulafiable
concentrates, powders, and wettable powders, as well asma
host of p wsecrzcidal spray solumons or dustng powders
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alo as acrosols, descnbed above. The poteney of DDT and of
other msectiades ay be greatly reduced by storage. Therefore

they should be used as s00n as feamble after manufacture and all lots
should have bio-assay tests before use

TABLE IX
Somt DDT Sorumumics

bpr | DDT
Capacity Capadity
Selvent ¢m toom] Solrent e/ 1oom!
10 C | 1730 C
(appr <) 1 (epp7 %)
Chrclohexanone 100-120  Acctone [ so-s8
Methylene chlonde r4-91 Carbon tetrachlonde } 45-48
Denzene —-%3 Ether ‘ 1
Velsicol AR s0 (mono Fucl ot (cortan Dhoxl ‘
and dimeths] : § 2 mb) ) 10
phthalenes 65 70
i ) * Cotron-sced ol ’ 911
Vehicol NR 0 1
(polsmethy 1 L}Krmm (erude) 52
naphthalencs) s (
o~dichlorobenzene | s ‘ deobasc) -4
Tolomne o6 ‘Frmm ‘ lews than 2
1 Ethy! aloohol
Xylene (commercal) | 53 (95 per cont} s

Ofil concentrates An o1l concentrate of DDT or other com
pound, 15 ssmply a concentrated solution of the toxscant m an o1l
solvent or combinanon of solvens. DDT concentrates are often
20 per cent and for ordmary use as resdual sprays or larvicides are
diluted m kerosenc or fuel oil to § per cent. DDT 15 not sufficently
soluble m refined kerosene to permut a 5 per cent spray wathout an
aunlary solvent, such as xylene or cyclohexanone ofien wsed m
making concentrates,



" MALARIA

Emulsifiable concentrates A typical DDT emulafiable con-
centrate contains DDT 25 per cent (1045 Ib) xylene or other
solvent 65 per cent (4o-5 gals.) and an emulsfier such as Terron
X-155 or X-100 10 per cent (1 gal) There are many emulsifiers,
Chermically Triton X-100 which 15 typrcal, 15 an alkyl aryl poly
cthoxy ethanol, The Brazlian Malarna Servace uscsaxmcmuEﬁa
2 4 to 1 muxture of castor ot and glycerine haated to 200 C. for
2 hours.

Emulufiable concentrates of DDT or other toxcants are mrended
for use after muxmg with water The one above, diluted 1 part
concentrate to 4 pares water will make a 5 per cent fimshed emul-
sion. Water-nuscible solvents have not proved useful. Volasile
solvents [ike acetone or xylene and non volanle, such as alkylated
naphthalenes or a petroleum o1l, are sansfacrory The former
evaporate after spraymg and leave a depostt of toxicant crystals.
The latter after the water cvaporares, leave the treated surface
coated with 2 toxicant solunon. The proportion of emulafier should
be increased when smaller parmicle size or more permanence of
emulsion 15 requured. Emnluon concentrates should mux with
water readily and not require special emulsfymg equipment, should
form swtable emulsions m hard as well as soft, salt as well as sweet
waters should be reasonably stable when diluted to concentranons
of 01 to 100 per ceat DDT and should be useful for both larvi-
ading and for resndual spraying

Dusts or dry powders DDT dusts, and those made wath other
toucants may be muxtures of finely-ground toxicant and a dduent
such as Inghlulk powdered tale, clay or pyrophylite or a low-
bulk diatomaceous earth, or ot:li:dcr mzmrézlls. I{JJCCUCJC[;I dusts are
also made by impregnating the diluent with a solunon of toxicant m
a volaule mylvvmltj, such as acetone or benzene. Dusts should be so
formulated that they have 2 practical bulk-density ranio and so that
they wall rest caking on storage at varous remperarures. Ready
prepared msectiadal dusts generally range from 1 to 35 per cazz
strength. But as a rule, 1o overcome the natural ©
DDT and to reduce 168 tendency to lump at feast 10 parts of ddducnt

shouldbcaddcdtoxpmﬁ)DTmr{ .

active or
Wettable powders When a surface ;ﬁgﬁ i
ded 1n water

added to an msectucidal dust, 2 wettable or wnbtca'-du
formed, and the msectiadal mixture can be suspen
ltforodl.tp«:rsnl by spraymg With ceream kzolm types of chay wo
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Winger (ave temp

Simmer kelow 35 F)
Power mixer | Hond miver | Power mixer | Hemd micer
s Ib aulb b | ub
3 s gak ar gals 35 gals 23 gabs.
st qo. 7qm. stam

(Formala change m wanter 1 to prevent DDT from arywallzmg out at bower
temperatures.)

To make a 5 per cent DDT spray containmg so mg DDT per
ml. of spray solution, use 1 part summer concentrate with 6 parts
of water or 1 part of wmter concentrate with 3 parss of water
Apply at rate of 200 mg DDT per sq ft. (approx. 21 g /M?) or
4 ml. of the § per cent spray per squarc foot (1 gal. to p46sq fi.)
The U'S Public Health Service esnmated the a house 1n the
south-castern Umited States to have 2 100 sq f. of surface to be
sprayed requinmg 420 gm or 15 oz of DDT equal to 1 qt. of the
summer concentrate and at 4 ml/sq f. equal to 2 22 gals of 5 per
cent DDT spray

To preparc watcr-wettable sprays onc smply adds the water
dispersible powder to water beng careful to mix thoroughly and
to agitate frequently so that the powder will remaig in o0
while beng sprayed. The sprays are usually made up so that the
suspension contam 10 § o sometmes 2 § per ceat DDT If
the powder 15 of good quality no particles be et than
40 mucrons 2 § gm. of the powder will be completely v n
0 ml. of water mn 2 munutes and at least four-fifths of the DDT will
be 1n suspension after 30 mimutes of standmg qumetly m 3 standard
cylinder  The particle mze of wettable powder 13 best at about 35
t0 36 microns This powder wll pass 2 goo-mesh sieve. If the mert
particles i 2 mixeure are softer than DDT they wall become smaller
than DDT parnicles m the grinding process and will tend to coat
the DDT and iterfere with 1ts toxic action It 15 best to have the
nert cles larger than those of DDT

Thf:rgr the 50 per cent wetrble powders have been most
suttable. Theoretically 1t would be better to use a powder mnﬁ
g 75 or even o per cent DDT  But the go per cent pow

down too rapidly There 15 a 75 per cent powder which
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maintatns a suspension for nearly a day but 1t tends to cake on the
second dav and 13 not eaaly re-suspended

The stickiness of the sprav 1s ymportant.  Some formulations
2dhere better to surfaces than do others. All rendual DDT spraymg
operations should be aarcfully checked by akmg samples of wall
scrapmps on selected matenals from time to time for chenucal
analvss bemg carcful that the amples are fully representative of
the walls ampled

Symes and others have shown that the crysals of toncant nust
be of such 2 weght that the mosquitoss @an cary them away  If
the erystal s Jarge and flat, and 1f 1t adheres too closely to the sur
face 1t may not be taken off by the mseet. In general eryatal mize
of 1010 -0 mmi Iength wath average wadth 1s best.

Applying Rendual Sprays
In applying rendua) mosqutoadal sprays one aims to cost a
ace cvenly with a given dose of the toxicant This requires some
tranmp, For example the fan—shaped spray should stnke the wall
at nght angles from a distance of about 18 1 at about 40 1b
pressure - The hand of the operator should gnde the wand or lanee
at an even speed back and forth with mmimum
overlip and no gaps m the weated surface I
the nozzle 18 held too close to the wall some of
the q:—aﬂ) will be deflected and wafl not sck to
the surface tace 1t held too far from the wall
much of the matenal will be blown about as a
space spray and will not come mto effecnve
contact with the surface to be treated  The spray
mg should wet the wall but not cause the mect
1ade to run down 1 nvulets. Specal attention
should be paid to those surfaces on which 1t 1
known that the mosquitoes habirually rest.
3 sprayng gang 1s working m a com
muniey  the foreman will do well to keep the
workers well clustered together for easy obser
vanon and not let them scamer all over the
5
Usually there 15 excellent co~operation on the
part of howcholders m rendual spraying oper-
anons. But after the novelty and urgency pan, one may encounter
refusal rates of from 1 to 10 per cent mn rural areas and from 15 to

Fr. 56, The Lofstrand
type of epeaver
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70 per ceat m ces The usual reasons why certun houses cannot
be sprayed on schedule are (1) the householder prefen to do the
sprayng himself (2) he farls to prepare the rooms m tume for
raymfi (3) he finds 1t too much trouble to get ready (#) he
cs:i)zxms ete 13 1o need to spray because there are no msects of he
has screening  (s5) he feany ¢ or toxuaty from the spraymg
‘Water-wettable formulations are best on mud or dhobie surfaces,
also on reed and cane or rough wood walls These preparations can
be used wherever stanmg of the surface 15 not contra-mdicated.
Fmt:cguahty water-white kerosene sprays wall not stan wallpaper or
tnted plaster walls, but such sprays tend to be adsorbed by mud
and dhobc to a conaderable extent. Sucfaces newly coated with an
oil pant or cnamel also tend to neurralize the tomcant when 1t 1
m a kerosene solunon
Doscs of rendual DDT vary from 50 to 250 mg_ of toxicant per
square foot of surface treated. In average usage a dose of 200 mil
5q ft. (3 15 gm./sq metre) 15 applied. As 2 general rule, when the
transmission scason 18 not over 4 months, one application of 100 mg.{
sq ft. (108 g /sq metre) 1 sufficient when the season 15 5 to 10
months, 200 mg [sq ft. 18 a more effective dose when transousuon
15 continuous 100 mg [sq ft. 3 times a year 1 probably best. In
countries where the mhabitants are apt frequently to add new coats
of mud or whitewash or other matenal to the mner walls of ther
huts as m rural India 1t may be more practcal to apply the smaller
dose more frequently Loa{ccndmom such as labour costs, narwal
history of vector customs and homes of the people, all require
conn?cnnon 1n plannmg the formulation desage, and frequency of
apphicanion. All the houses m a given area should be treated none
omutted for reasans of economy
Spraymg cquipment should be m good workmg condinon before
taken mto the field, and should be cleaned and restored to
good order at the end of the day Precautions agamst toacy to
man and domestic anumal are given below
Residual DDT may be applied to screcmmg (and, if no sprayess
are atwlvl'aall:bl:, to solid surfaces) by uung a pamt brush, a felt mop,
or o of apphcator
Rccmtg'?ethcre Pvr been promusmg cxperuments with &cdl:w
of commeral DDT hquefied at about 100 C. and applied this
as 2 residual spray without solvents, emulufiers or sacking agents.
difficulties m regard to ficld equipment remam to
be solved, but the rendual coanng obtaned by ths method weems
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to be lghly effective. On some surfaces the depout may prove to
be obyecnonable or damaging
Most anophelme speaies wall rest on 2 DD T—oated surface with
out bang imtated, at least untl they have taken up a lethal dose of
the towicant, although they generally show more activity on a
treated than on an untreated surface A proportion of ndividuals
of the 4 gambiae specics in East and West Africa scem to be un-
usually sensitnve to DDT so that they wall not remain on a treated
surface. They are not resistant to DDT  but they are not hilled by
DDT residual spraving because they wall not tolerate sufficrent
contact. In certam arcas m the Onent, 4 mummins 18 sud to have a
simuilar behaviour  There 15 some evidence that doses of DDT under
100mg /sq ft arc morcimtating to A gambiac than are larger doses.
If such 1rntation 1s mamfest m only a small percentage of the adules
of a vector speacs m a commumty 1t might not make much
difference but 1f any considerable proportion avotd the DDT then
another toxicant, such as benzene imchlnndc should be used, as
described below  Interestinghy while BHC 15 said not to wrmitate
gambiae or mmnms 1t has been reported to arntate maenlatus 1
Malaya more strongly than does DDT  Nather DDT nor BHC
exerts a repellant cffect on anophehines seeking to enter a dwellmg
Tt must be emphasized that as stated aboyve 1f an mfected mosquito
rests lang enough on a DDT wreated surface only once dunng the
mcubation perod of the sparozoite (10 days or ‘ongcr) then that
mosquito dies before 1t becomes infective Thus 1t s 1ble with
DDT residual spraymg to reduce malaria carned by such mosquitoes
a3 A. bellator which rest and feed oumde as well as mside houses
Enough females do 1n fact, rest made for sufficient lengths of tme
withm the mcubation peried to mterrupt the transmussion of
milina So too malana control due to rendual DDT has been
reported m practice from scveral arcas where gambrae 15 the vector
despite the imtating cffect of the toacant noted above.
In certain communities a majonity of the people durng warm
weather slecp in the fields 1n order to guard thar flocks or gran
may or may not use shelters, and tﬁcy are frequently in ;Eos:
nightly danger of malama infection. This obwoﬁy prejudices the
stecess of a rendual spraying project of 1t means that the vector
mosquitoes do not rest as mu.rm the buildings which have been
L Under such condinons one shoulgi Epcnmmt with
yed traps sprayed nets or sprayed temporary shelters. In some
mxultmzybcnc);sduryto rgony:glzrgpo?mlchmudmglfthc
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population group 15 great enough to warrant the expenditure.
Pcrhajx m&prc.mvc treatment with chloroqume or chlorguamide
would be the most logical answer m some areas. If the migrant
groups arc small, then 1n the long run rendual spraymg may salve
the problem bg' 1ts general effect in reduaing the parasite reservor

e costs of DDT renidual spraymg will vary accordmg to local
condinons It averages about $2 69 per spraying of 100 mg Jsq fr
per house 1n the United States. The Pan-Amencan Samtary Bureau
estimates that 1 Central Amena 1t costs from so to 60 cants
per capita per sprayng at 2 gm/M* Italian mamland costs average
Just under $0 cents per eapsta per year In India costs average some
6 3 cents per capita of population protected per ycar

DDT was first used as an outdoor space spray agamst adult mos-
quitoes 1 the fall of 1943 1n experiments carned out under the
supervision of the Orlando Laboratory of the Bureau of Entomology
and Plant Quaranane 1n Florda, This method has had wide apphe-
tton agamst pest mosquitoes, some specics of which unfortunately
are becormung resstant to DDT  as noted below

DDT larvicading  The use of DDT as a rendual spray has over
shadowed 1ts worth as a larvicade. Yet there are communities where
DDT larviadmg 1s the method of choice 1n combating malama. In
one such 1t was esamated that malana could be controlled by DDT
larviciding for some 2§ years at the cost of one DDT rendual spray
treatment. A few dry season niver pools were the only source of
malama vectors Wach a hetle expenence and a few hours of mvest-
gation one should be able to determme whether or not to recom-
mend larviading or rendual spraymg m 2 given commumey It
usually wastes moncy to do both.

DDT does not appear to have been tested as 2 culicine hrviade
m Swatzerland prior to 1943 It 1s probable that the fisst expen-
mentmg wath DDT agamst anophelme larvae was at the Otlando
Laboratory of the Bureau of Entomology and Plant Quarantme in
February 1943 The finst use of DDT a3 a larviade from an wo;
plane was at Pickwick Reservorr and Wilson Dam m July an
August, 1943 by personnel of che Health and Safety Deparoneny
of TVA m co-operation with the U S Bureau of Entomology an!
Plant Quarantme. Smce 1943 DDT has had wade usc as 2 mosquito
larvicrde, chicfly 1n 3 forms (1) blown on water as 2 dust mxxt;r;
(2) sprayed m an o1l solution and (3) sprayed as an emulson W
tends to penctrate beneath the water surface.
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DDT 1 practically msoluble m water 1t floats indefinitely  being
non wetting, 1t tessts ymkme by rams and neither water nor sun
seem to have much cffect on 1ts stability as a larviade - Signs of
DDT poisonmg develop more slowly m rupac than m ac
Howeer although pupac arc not always hilled few adults succeed
m emerging and escaping from DDT treated waters. Most are
kalled during; of just after emergence Used as a dust liiade the
dose xhouldic o1Tb of acve DDT per acre of surface or 1 Ib facre
of a 10 per cent dust (approx. 1 Lﬁ /mmrc) Twice this dosage s
better 1n the presence of considerable vegetation Vanous types of
dilucnts, such as talc and pyrophylte are smtable but not me
because 1t will hasten the Sﬂmonnnn of DDT

For laviadmg DDT 15 most often uscd 1n o1l soluttons generally
at the rate of 005 Ib DDT 1n 1 gal. of fuel ol per acre (oo 7 gm
1n 3 8 litres per 0 4 heetare) applied as a fme nust spray - Anopheline
larvac can \]:rklllcd with even smaller doses sometimes as low as
o-0.5 Ib per acre Somenimes reun or other spreading agents (c.g
Tnton B-1956 or cqual) at the rate of 0-25 to 0°75 per cent, are
added to the ol solvent. Where there 1s much vegetaton the dosc
of DDT solution may be mercased to 0 1 or o-2 Ib per acre, but
some fishes will be kalled at this dosage

When emulsions are used the same bane dosage 13 required as
with solutons  Emulsions may be more cffecave agamst culiene
larvac than are the dusts and the o1l solutions for a3 noted carlier
the cubicme larvac are largely sub-surface in contrast to the anophe
lines which float close to ;mc‘yp:\nllcl with the water surface, feeding
at the top  But since emulnons tend to permeate throughout water
they may ball fishes and other fauma. In treated water any concen-
tration of DDT greater than 1 part per million constitutes a menace
to fishes, also to men and animals drmking the water or washing 1n
1. In fact, some observers have noted that DDT i concentrations
as low as 1 1n 10 million may kill fishes The emuluons are most
apt to have undesirable toxe effects and the dusts are least harmful.

By acroplane treatment, ¢-05 to 0 10 Ib DDT per acre may be
applied 21 a 20 per cent solution 1 methylated naphthalenes such
as Velueol NR 70 or Solvacide s44 B

Except under inurmal conditions wath larger than safe doses
DDT larvisdmg docs not have a pracncal rendual effect. In land
locked ponds, with fairly stanonary levels, DDT emulsion applied
at the heavy rate of 3 Ib per acre wall destroy mosquito larvae for
8 t0 16 weeks. The toxicant adheres to the vegetation and floatage

L
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Thus dosage of DDT kalls all fishes and may be 2 menace to smsll
birds and mammals

There are other ways of using DDT as a lacviade. For example,
fine dry sawdust ma be mixed wath a 2 to § per cent DDT ol
solution at the rate of abour 1 5 qts of il to 4 1b of sawdust. The
treated sawdust 1 then sprinkled on the breedmg place at surtable
mtervals  Finely-ground cork may be used mstead of wood sawdust,
Vanous of DDT briquettes or larviadal balls have been used
with good effect. For mstance, DDT-treared sawdust may be
mcorporated m plaster which after hardenmg, 15 thrown o
water It dua.ﬁy dumtegrates and frees the toxc tawdust par
ticles which rise to the surface and spread DDT  To keep jars and
barrels free from Aedes Jarvae 3 per cent DDT 1n alcohol (ethyl)
has been used successfully

DDT Analogy

There are at least 21 analogs of DDT none of which has proved
so useful as DDT 1tself. However mention should be made of
gz] TDE (DDD or Rothane D3) and (2) the methoxy analog

ed methoxychlor There are also wscenadal bromine and fluonne
analogs (DBrtDT and DFDT or Gix)

TDE Dichloro<iphenyl-dichloroethane bas about the same
toxaity for anophelne larvae but less toxaty for the adults, 1
more toxic to certam acdies such as A, dorsalis and 15 Jess toxc to
fishes and mammals meluding man than 1s DDT It may be
formulated and dupersed m the same ways as DDT It has a shorter
residual action than does DDT  The chief usefulness of TDE 13 1n
larviading projects where ﬁxgla bave special importance. It 1 not
useful against DDT-resustant Hies

Methoxychlor Dimethoxy-diphenyl-tnchlorocthane may _%c
wed m the same formulations and methods of dupersal as DD
but the wetable powder 1s most useful. However DDT 18 appc;ﬂoxi
mately 10 imes more toxic to mosquitoes than 1 methoxychios
Both Ymvc about equal tonaty to fishes Methoxychlor 13 wm
tumes cffectrve for a trme against DDT-restant flies. Trmay be
safely m datoes

Benrene Hexachloride and Lindane

Michael Paraday 1s said to bave prepared benzene hexa
1825 but the discovery of 1ts msectiaadal propertics was

chlonde 1n
made by
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chemusts of the Imperal Chemucal Industries in England about 1942
The chlormation of benzene 1 the presence of ultra violet light
uces a mixture of 1somers of 1 2 3,4 § 6-hexachlorocyclohexane
ooschy termed ben~ene heradhlonde or BHC (once called 666) The
gamma 1somer 15 the prmapal msecuadal ingredient and has a
trade name of Cammexanc. In 1948 the U'S Interdepartmental
Commuttce on Pest Control selected the word findane for prepara-
nons of the gamma 1somer of BHC of a punty of not less than g9
cent.

BHC has a duagrecable and persistent musty odour which 1
considerably less pronounced m Iindane. Crude BHC should contain
12 to 15 per cent gamma somer and there are sen-refined BHC
products contaming from .0 to 75 or 80 per cent gamma 1somer
In buying this isecuade 1t 1s wseful to figure costs on the basis of
gamma 1somer smee ths 1s the main | component. Both BHC
and lndane can be formulated 28 duws, wettable powders, ot
solutions, and emulstons.

BHC and Imndanc act as contact and stomach poisons and as
funugants agamnst msects. There 13 2 more rapid lethal acuon to a
toxic dose of the gamma 1somer than there 11 to a toxac dose of DDT
and both appear to affeet the neuro-muscular system of the mseet.

m general the techmques of applymg BHC and lindane
as restdual sprays and larvicides are the same as already described for
DDT some comments are ncc;:;rv The best dosage for rendual
spraying scems to be 10 mg of the gamma somer uare foot
(108 n%g /MY of surﬁscguum& Ths apphmngn“ ‘vqnll retain
mosquitocidal properties for 3 months and must then be renewed,
for duc to mcreased volanhty of BHC and Imdane there 1 not the
long Lstng cffect seen wath DDT

As noted carlier some vector mosquitoes scem to be hyper-
scnsiave to DDT and wall not stand on a treated surface lon
enough to absorb a lethal dose  These mosquitoes are not dustur]
by BHC or Imdanc 3o that under such arcumstances the latter
tormulauons are more stumable than DDT cven though they must
be rencwed more frequently Tt was noted above that some vectors
may be hypersensiive to BHC - By wsmg window and door traps
onc can test this pomt 1n a given locality to assist m the choice of
msecticde. In some arcas the odour of BHC 15 welcomed as a sign
ot powerful medicme m others 1t contra-indicates 1ts use.

DDT BHC and hindane are all huighly toxic to house flies when
first applied as rendual sprays and this 13 an added bencfit. In the
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laboratory BHC 13 more toxic to house flies but less toxic to adul
mosquitocs than 1s DDT But there are resisaant strains of house fly
which tend to replace the onginal mixed population so that by the
third year of spraymg nerther DDT nor the gamma somer of BHC
arc clrecuve.

For larviading hindane promuses to be useful, although 1t 1s stll
expenstve A suitable d 1501 lb lindanefacre (112 gm.fhee
tare) Increased amounts of BHC are n:qm.rcj dependmg on the
gamma 1somer content of the product used Lmdane 1s much les
soluble m oils than s DDT  Even 2 per cent solutons m kerosene
are difficult to prepare

For acroplane application as a larviade the usual formulanon 1
a2 5 per cent gamma mn fuel oil at the rate of 2 gts. pes acre to
provu})cc: dose of o1 Ib of gamma/acre
There 13 2 Gammexane dispersible powder (P 530) which has had
successful trals as a larviade. The formulauon 1 made up m the
ficld by mmxang the powder wath water at the rate of 3 oz per gallen,
thus producng a suspension of 0 13 per cent somer Using
a knapsack sprayer this suspension 1s applied to the mosquito
breeding places i streams pools and and gives :ﬁlmt
kall wathin an hour Wha}:vcgctzuonuhmvy 40z of the powder
may be used on of water

IZ resdual pcBng(n:ﬂ mosquito larvicde may be formulated as
follows technical BHC 11b (12 per cont gamms) Triton X-155
(or equal) 76 ml. xylene to make 1 gal. Diluted with equal parts
water and applied at the rate of 1 Ib tech. BHC/acre (ic. 3 gkt
fimshed emulsion) this grves some ressdual larviading effect up to
a month without much wyury to fishes.

BHC 1 very towc to becs, 200 ames mare so than 1s DDT BHC
1s more stable m the presence of fernciron_and at temperatures cven
up to 120° C than 1s DDT BHC usually should not be used m
foggmg machmes as 1t may have severe toxic effects on the operators
and others.

Chlordane

Another chlormated hydrocarbon msecnade of ommdcﬂbk
usefulness 18 chlordane which has the formulz 1,3,4.5 cf; 8
octachloro-4,7-methano-3a 4 7 7a-tetrahydromdane T nn:Cl
chlordane 15 2 mexture of several c;:rlépound:. ‘The name, ‘P‘:]-lcm
chlordan by some, 1s that of the In Comrm?mtaé3
Pest Control. Trade names are Octa Klor 1068 and Velsicol 1
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Chlordanc 15 a dark viscous oy and nearly odourless liquid,
msoluble m water but readily soluble 1n most organic solvents
Even more than DDT BHC and hndanc chlordane dehydro-
halogenates 1 the presence of weak alkalt to form a product
non-towc to msccts Another pome 1s that free chlorme of chlordane
reacts with air to form HCl This reduees or removes insect knock-
down and kilhng propertics  Furthermore the HCl acting as a
ctlyst induccs reactions with 1ron or tm to form fernc or tm sales.
These salts mixed wath the chlordane when added to kerosene may
form preaipitates and clog spray nozzles. They may also eond to
induce decomposition of the emulsifiers. None of the chlonnated
hydrocarbon nsceticides should be formulated with chemicals
having an alkalme reacton none should be stored 1n 1ron ot tm
contaners and cach should have been freshly manufactured at the
ume of purchase  Chlordane concentrates m particular should not
be prepared any longer before use than necessary  Drums Imed wath
a phenolic resin or wath alumumum are requnred for shipment. It s
wisc to bio-assay each lot before use m a malana control project.

Chlordane 1 formulated m dusts wettable powders clrmfuncms.
and oil emulsions, and the general comments made carlier about
such formulanons and doages of DDT also apply to chlordane A
satsfactory coneentrate can be prepared wath 8 gals. of techmcal
chlordane 2 gals. of Trton X 155 (or equal) and 40 gals. of xylene
This makes sonf::s. of concentrate wath :ppm‘umatsay a5 per cont
techmeal chlordane  Mix 1 part with 9 parts of water fora 2 5 per
cent fimshed emulsion,

Chlordane 15 not quite 3o cffective as DDT as a resdual spray
a flies and mosquatoes and 1t does not have 5o long a readual
cﬁcct. It has been found uscful against DDT-resstant flies, but only
unal the chlordane reastant strain becomes numerous. As a space
spray chlordane has been reported to be a little more effecuve than
DDT agamst house fies but a hittle less so against Aedes mosquitoes.
Chlordane has 2 swrong fumigant action agamst adult flies and
mosquitoes although 1t 15 also a stomach and a contact pouson
Chlordane 15 more tomc to man and animals than 13 DDT At least
one death has been rted a3 due to contamunation wath a chlor-
dane concentrate It should not be applied m dairies.

As a larviade for anopheline mosquitoes, chlordane 1n exper-
fll)llﬂ)l_?l tests has been as effectve as, or perhaps shightly better than,

The wseenade heprachlor has been solated from techmeal chlor
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dane. Other names are Velsicol 104 and Velsicol hepmchlor A
white crystallme sohd, 1t has the formunla 1{or 3a)4,56788
hcpcxchﬁlﬁro—‘;,rmcth:lno-qu 7a-tetrahydromdane. It hay had
successful experimental use mosquitoes m the

formulanons used with ch]oa%riaaf:.t oxgutoss m fhe same totof

Aldrin and Dieldrin

Aldrin 15 the officzal name for an mscetiadal product contanmg
not less than g5 per cent of 1,2,3,4,10 10-h 0r0-1,4,432,5 8 82~
hexahydro-1,4 5 8-dimethanonaphthalenc and not more than 5 per
cent of msecuadally actrve related chlormated hydrocarbons, 1t s
a white esohd. It was formerly known as Compound 118
and has the trade name Octalene

Dueldrin (pronounced d2ld -nin) 15 the offical name for an
msecuadal product contamng not less than 85 per cont of
1,3 3,4,10 10-hexachloro-6 7-epoxy-1,4,42,5 6 7 8 8a-oxtahydro-1.4,
5 8-dimethanonaphthalenc and not more than 15 cent of
msecucidally actve related compounds. It 13 a white, neary
odourless crystallme solid. It was formerly known as Compound
497 and 1ts trade name 15 Octalox

Both r;\sccuadu are available m cmul;ﬁahlc mncméntc

2 1b 35 cent wettable powders and 2 5 per cent dust.
lglddi%-?l;s also S:I:uhble ma xylmpcoxoluuon Both are msoluble m
water but soluble m most orgamc solvents, dicddrm less so m
ahphatic petrolcum solvents.

Aldrin because of 1ty volattlity has less residual actvity than that
of chlordane, but dieldun 15 comparable to BHC m 1o lasting
effects I 1ts immediate effect agamst house fhes, dicldr is pechaps
40 times more toxac than DDT  Agamst adult mosquutoes 1t 18
equally as effective a3 DDT but 1t dots not seem to rmtate the insect
as docs DDT  Neuther aldnn nor dieldrm has an apprecuable knock
down effect on flic. Both are contact and stomach poisons 1©
miccs Aldrm also has 2 famsgant effect. Stams of howse fis
restant to each have been notcim wed

Dieldnn 1 effective agamst adult flies and mosquitoes when ¢
at the rate of 8 Ib of 35 per cent wettable powder or 1 S‘L‘ﬂ:’_
25 per cent emulsifiable concentrate per 100 gals. of spry form
non. As usually apphed such formulanons contan 03 to 35 ﬁ
cent by weaght o chldun and the deposit on treated :murfznw
range een 10 and 30 mg per squarc foot. Resdues wall reman
cffectve for some 13 weeks or about as lang as BHC,
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Concentrations of aldrm as low as 001 ppm and of dicldnn as
Tow a5 0-006 ppnL gave 100 per cent mortahity of mosquito larvae
1n 48 hours 1n prelmmary tests Aldum has good lanvicidal ﬂmpcﬁ
nies agamst Asopheles m dilunons ranging from 11 5o nullion to
1 m .00 milbon parts. Dieldrm has somewhat better larvicrdal
qualines up to dilunons of 1 1 300 nullion It u more cffccnve
agawnst pupae than 18 DDT or chlordane Dieldnin larviarde dosages
md ﬁc one-half to onc fourth those of DDT

To fishes aldrm 18 more toxic than 18 DDT and dieldon s cven
more towic than aldnn Both must be used wath great caunon
where fish bfe 1s important. These products are also toxac to warm-
blooded mammals—consderably more so to man than 13 DDT—
and must be handled carcfully  Neather should be applied m daines.

It seems likely that aldnn and dieldnn wall have uscfulness as
mosquito larvicides and that dicldrnin may be a helpful additon to
the list of mosquito rendual spravs.

Chlormnated Camphene

One of the newer polychlor msectiardes 18 tanaphene or ehlorn-
ated camphene  1t1s an amber—coloured  soft, waxy sohid with a nuld
odour suggestive of both chlorme and camphor It 15 made by
chlorinating, camphene to a chlonnc content of from 67 to 69 per
cent resultmg m 2 compound having the cmpinal formula
C,¢H,,Cl, butr whose structural formula 18 not certam  Thus nsecti-
ade s marketed m the form of solunons emulsions dusts and
wettable powders similar to those of chlordane. Toxaphene s
readily soluble 1n the usual organic solvents but 13 msoluble 1n water
It was formerly sold as Hercules Synthetic 3956

Towapbene 13 considerably more toxic than DDT to fishes 1
fact 1t 13 probably as toxic as rotenone  Apphication of o+135 b per
acre (0-22 ppm.) will kill many speaes Toxaphene, like chlordane
13 2 hver poson toxic to mammals and 1t should not be used on
pets. The usual msectiaide precautions as outlined below should be
observed with toxaphene.

Toxaphene, as a residual toxicant at 200 mg /ft* acn more
slowly and for a much shorter ume than DDT agamst anophelme
aduls and 1 somewhat less active than chlordane. Limited tests
mdicate that 1t docs not have the irntating and consequently repelling
effect DDT exerts on some adult mosquitoes. It 13 less effectve than
DDT BHC or chlordanc as a space spray  As a larviade 1n emul-
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ston form at o1 to o2 Ib facte, coxaphene seems to be comparsble
to DDT but m o1l solutton 1t 15 somewhat less effective than simular
formulations of DDT It 1s 1 ve easily formulated, and may
be uscful agamst DDT-resistant ¢ of Aedes

Toxaphene 13 not at present an msectiade of chorce for ant-
mosquito operations, but 1t may come to have usefulness 1n dealing
with spectes which have become resistant to other toncants.

Parathion

Paration 15 an orgamic phosphate, wath the formula o,0-dethyl
o-p-mtrophenyl-thiophosphate. Synonyms and trade names are
E-6os R.B ror8 Compound 3412, Rhoduatox, Thiophos, Niram,
and many others Its development stems from chemical war
fare researcch m Germany prior to World War I, and 1t was
unknown clsewhere until 1947 Tetracthyl pyrophosphate, or
TEPP and hexacthyl tetraphosphate, or HETP or Bladan are
nsectraades closely related to parathion and are even more toxe
toman Gearphos 18 2 mixture of parathion and sts dumcthyl analog
It, too 1s very poisonous. Schradan 15 a similar compound.

Parathion 1s a dark brown to yellow liquid, soluble m water only
to about 20 ppm. and slightly soluble in kerosene and amilar otk
It 13 freely soluble m most aromanc and polar solvents such s
alcohol, acetone, and xylene, It has been used tally m ol
solution emulsion, dry and wettable dusts, and 1t acts as both 3
contact and a stomach porsan, as well as 2 furmgant, for Bies and
mosquitoes adults and Jarvac. It has been used expenmenally m
dainzes without harm to cattle, and 1t does not agﬁ:: m the mufk.

Parathion 15 extremely toxic to man and should not be mcdﬂ;
malaria control projects without further expenimentation, an
always with ve cat caution.

Pry;'audoerngrmng mnsecticides  All msecuades should b;
kept out of reach of currous children and near-sighted cooks, an
should be handled, mixed, and applied wath those basic Uﬂ$
which all poisons require. Also obviously mflammable ﬁnt'md
nons should not be sprayed near open fires or stored without due
care.

A geseral dea of the relanve tonates of the insectiades mes
noncd above can be had from the followng tble, which s rough
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estmates of probable fethal doses for an adult man - Exact mforma
won 15 not avaslable and mdnnduals vary greatly m suscepubility

Lstimatd lethal dose f ¢
Toxtcant adult mm

(uppre aamate)
11b

Mcthoxychlor

DDD ) b
BHC (1§ per cont gamma 107
Chlcr(g.mc & 3oz
DDT I oz
Lmdane ; nz.
Toxaphene Loz
Parathion s drops
TEPP 3 drops

These msecuades are possonous when absatbed throuch any
route, mncluding lungs and unbroken skm  Any factor favounng
absorpnion accentuates towary and vice vers. Oil solutons for
example, arc more towic than dusts but some of the dwsts as for
example of aldnn are far from mnocuous. Furthermore chronic
may be more important than acute towaty knowledge of the
toxrary of the newer nsecticades to man to wild hife and to wscets
1s madequate Mcanwhile one must use speaal precautions,

Emuluons, solutions, and wettable pow mmpcnnom should not
be allowed to remamn in contact with skan 1n fact, all concentrates
should be washed off immediately with soap and water Thu 18
important. Ome should always bathe thoroughly and change to
clean clothing afeer workmg 1 factory or ﬁc‘lj; or laboratory with
msecnicdes. Food, kitchen and dming-room utensils shelves and
tables should be protected from msccnadal sprays. Also cover the
baby s bed and d}:c children s toys. Avord tion of msecticidal
ol sprays and vapours.

DT imdere wnd dlordamt wed m dunes on cows cartle feed,
or w:tmn%uoughs will result n the appearance of these msecticrdes
in measurable amounts m mulk and butter products from the daines
How senous this may be 15 not known although 1t has been ob-
served that a man may have as much as 290 ppm. of DDT m hus
fatty nswues without showmg n%'m or symptoms of toxiaty So far
as one can ¢ m spite of tremendous use of DDT there has
not been a confirmed death due to the operational use of thus
toxicant 1n mosqmito control projects.
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At routme doses of 01 1b facte, DDT TDE, and chlordane are
toxc to fishes and will sgmificantly reduce the populanon of 2 pond.
At dosages of 0-05 Ib facre DDT 15 somewhat mare toxic than TDE
or chlordane. These 3 msecnaades appear to have no ngmificmt
cffect on fish populations at dosages of 015 Ib jacre. Tovaphene
ham:iﬁll to ﬁshm gwmg compli‘t’c Yalls at 03 to o1 Ib facte after
2 and 3 apphcnons m Kulls were obtamed at d
of]asthzipxpa.rtmnm g;n e 2 domgs

The phosphorous compound parathion should rarely be nsed m
mosquito control It 1s y poisonous and must be handled
with great care. Several individuals wsing this insectiade as an
agrcultural spray have died of parathion pousoning  Protecuve
clothmg gloves, and, 1n closed 3, suttable type gas masks
should be womn when handlmg dangerous msecnade. 1f 2
parathion formulation comes m contact with the skin 1t should be
immediately and thoroughly washed off. If 1t wets clo the
latter should be removed wathout delay and the contammated skin
wathed carefully

Solvents Xylene, the alkylated naphthalenes, fuel oul, keroscne,
and other solvents for the above-named toxicants are systemic
poisons when ingested and may also cause severe dermatins. There-
fore, due carc should be used 1n handling the solvents, protectm,
skin by rubber gloves and eyes by goggles, and avoiding prol
breathing of the vapours.

Antidotes There are no speafic antidotes for posonmng by 2
chlormated hydrocarbon msecucide. Of coune, the usual emer
gency treatment with stomach pump or emetic should be msunted
when an msecticade has been swallowed. Pentobarbital or pheno-
barbital medication may control the tremors. Large doses may be
required  Atropme has been advised for use m parathion potsonmg
Oxygen and even artifical respiration may be needed. Morphine,
cpl e, and o1l hxauves are contra mdicated m msecticade
poisonimng

Insect resistance to toxicants Musca dal;m-ri:a Culrv, l}:/ﬂ“
and tarsalts Aedes c dorsalis nigromacnlis puictor. solalany
taentorliyichus and vexans have all been reported to have developed
resistance to DDT  Musca domestica has also developed resstance
the field to BEIC Indane, and chlordanc Thus far no Arephles

es has been as showing umportant resistan
Ez?qultoadc m t;l?gcld. Laboratorg have mdicated that 1t
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® ;-man by «leeme trecding 1€ denclop some DOT reswance 10
4 qmdnmmdmu but 3t 15 ROt of the order of howse fiy resistance

ant.
Suscepuble hovse flues requITe only about © mICTORrams of DT
cﬂ cam of female fly 1o produce 2 median mortahts <4 hours
at

the same resulte Roth reasrant nd non fesstant fhcs readily absord
POT bt the roustant fies npld\\ menbohze DHT o mnocuout
metabolites Susceptible flics are unable to do cus Al strams of
PPT resstant howe fhes rein therr tolerance when no longer
subject t© PDT cvento 30 gencrationt The toleranct scems to
a mu\np\c—ﬁcﬂc character which cawer ph\'xm\og\c: and perhaps
ologcat changes There © someties €105 tolerance to

other towicants

Vigilance 1 necded to dicore® the onsct of rensance of mos-
%\lmocs 1nd flics to DOT that other toxacan® can be used fefore

o tolerance becomes marhed Tt 1 quue possible that Anopheles
species will appear 1 the hist of ressant (neccts 1 due BME

Spraying cquipment A wide vanew t apparann avarlable
for dupeTsINg nsectiandal £ Jrmulanens tF tarvictdmg and for space
and rendual adult sprav-hittmg Mancy and ame €0 be saved and
iy gamed By makmg the correet chonce of sPRYINE cquip-
ment for a gven praject (o 3rd FepOTt W10 Expert Tnsccnaides

1
The smplest sprayee ¥ the common howschold atonuze? of L pt.
torq (Jrorit ) capacry 7 which a plunger 1 2 metal ¢f ngcf
compreses air dnvIng «t at aght anles Jctoss the uppet of a
captilary tube whach catends frow the botom of the conrmer
Thcutsmmamcsdwmmadcmbcx et u the tube an
chen atornizes 1t wnto 2 spray ofeen of rather oarsc droplets. Best
cesults agumst fhes and mosquitoes 3¢ obtamed f the apilary fecd
tube has an wnside drameter of 0015 o 0035 111 (3864 mm ) and
the air vent o-04010 (103 mM

For DDT othn of nunor pools there 15 3t Fagle No 66 pum
ofler (pistol oilet onch a capaeny of only s o (163 ml) wht

use.

Many makes and despns of Lnapsack and rnk sprayers
s, with capactes betweett s and § gaby 619 lits. these
a piston air pump puts 60 to 20 b the hqud forang
“hrough @ spray pOTS ngmi sprayets 3T cmed on the
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back of the operater He wields 2 wand or lance connecte
end to the spray tank by an erl-tewstant hote and having at
end a nutzch nozzle and shur-off valve. Some sprayens are
conunuousty others of the compressed arr type have

storage tzu_zs and are pumped or otherwise gven rene
pressure at smeable ntervals, Pamt-sprayers, mnstesd of o
wand and nozzle, are more useful for duperning pyrethr
sprays  But for residual sprays a mozzle such as gc Tegy
which delivers 03 gals (750 ml) per mnute, at 40 Ib
(2 8 kg fcm.*) pressure, wath an 80 spray angle, 1 smtabl
nozzle added to 2 Lofmand (Trapido moddl) outfit m
excellent combination for sendaally spraymg  water s
formulations The Hudson and the Smuth sprayers have al
widely used

Some sprayers are equipped with 2 ranks, anc for biquid :
for compressed air  These are designed for disperning the s
at a constant pressurc of 40 Ib  In the Kmpe sprayer dry ice
fied carbon dioxide) 15 used as 2 source of pressure. As the
evaporates 3 pressace of 15 to 18 Ib 15 generated. There |
small sprayers deagned ke certam bicycle pumps,
bewng held m the mner tube or plunger

Another type of sprayer 15 the surrup pump which 13 sim
mexpensive and may often be manufictured Jocally Or
pumps contmuously while another man sprays. It does not ¢
quality work, but may nevertheless meet the pracncal n
some situations. (See Figure 54.)

Spray pump metals, gaskets, and rubmg should be m
chemical resistung matenals. Seamless construction s 1deat
tank which 15 best 1f made to hold 4 gabs. {15 14 lits)
empty a good tank will not weigh over 121b (s44kg) :
accessories not over 8 Ib (3 66kg) There arc usually 2 filte
through which the hiqud 1 poured mnto the tank, and lhdt
ather m the nozzle asembly or at ftfhc bot;mgl or base en
duscharge p The latter type of second hlter s
watcr-wrttgh%i formulations are bang sprayed. The delve
from 2 good sprayer 1 some §00-750 ml./mun. (0°13-0°20 £2
pressure of about 2 8 kg Jem.? (40 1b /sq in,) The Expert
mutree on Insecnades of the World Health O‘S‘“‘ut‘l:’;
second report prepared useful specificatons for knapsack,

surrup pum
Hagrf dmpt;s meclude small sfter cans, contuners with 1
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back of the operator  He waelds a wand or lance connected at one
end to the rgny tank by an oil-resistant hose and havmg at the other
end a swtable nozzle and shut-off valve. Some sprayers are pumped
conu:uuu;xszs others of the compressed air type have pressure
storage and are pumped or otherwie grven rencwed arr
pressure at suizble intervals. Pamt-sprayers mstead of the usml
wand and nozzle, are more useful for dispermmg pyrethrum space
sprays. But for residual sprays a nozzle such as the Teejet 8oca,
which delivers 02 gals. (750 ml) per mmure at 40 Ib sq m.
(2 8 kg jom*) pressure, with an 80 spray angle, 15 sutable, “This
nozzle added to 2 Lofstrand (Trapido model) outfit makes an
excellent combmation for residually spraymg  water wettable
formulations  The Hudson and the Smuth sprayers have also ben
widely used

Some sprayers are equipped wath 2 tanks one for hiquid and one
for compressed air  These are designed for dispersing the msecnade
at a constant pressure of 40 Ib In E::Km sprayer dry ice (sohd-
fied carbon dioxide) 15 used as a source of pressure. As the dry e
cvaporates a pressure of 15 to 18 1b 1s generated. There are abo
small pocket sprayers designed like certan bicycle pumps, the spray
bemng held m the mner tube or plunger

Another type of sprayer 13 the surrup pump which 15 smple and
mexpensive and may often be manufactured locally One man
pumps contmuously whle another man sprays. It does not do high
quality work, but may nevertheless meet the pracncal needs 1
some situations. (Sece 54.

Spray pump xgu.-m]; gjgickcu,) and tubmg shonld be made of
chenncal resishng matenals Seamless coustruction 15 1deal for the
tank, which 15 best 1f made to hold 4 gals. (15 14 lts.) WE
empty a good tank will not wegh over 12 Ib (5 44 kg and
accessories not over 8 Ib §366kg) There are usually 2 filters :]’::
through which the hqud 15 poured wnto the tank, and the o &
cither m the nozzle assembly or at the bottom or base end ofhc:
ducharge pipe. Tbclzttcrtypcofsccondﬁ]tcruuxﬁllw
water-wettable formulations are being msfrayci The delivery ‘:;:
from a good sprayer 15 some 00750 ml/min. (0 13-0'20 S‘Lgom_
pressure of about 2 8 kg Jem® (40 Ib/sq m.) The Expert -
muttee on Insecnaades of the World Health O’Wﬁfmd
second report prepared uscful specficanons for knapsick,

strry] U |
Hzgtfdmpt:n include small afier cans contamens with rubber
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When conndenng airerafy dispersal of msectiades
due attention to the followmg factors mmqmmm

b, 58 Omcrvicwofvumtrﬁmofcxhnmgm (Coutesy TVA)

costs availability of re and setvice, o cotts, aero-

fane charactersstics o(Palgagxc‘:pamry dcpmdapﬁhitn;g speed range
fwor’cmg and ) range in mules manocuvrablity ease of
handling” visibih cty down dmft. Also one must determme
the most smtable formulanon sze and locanon of nozzles, speed of
plane, control from ground microchmate which mfluences move-
ment of spray cloud, Dutnbution of an msectiade from ztfopfl:;m
tequires oting  Accurate guidance 15 required erther from
the ground or ggm :LE obscrvmong:lhnc_ Flags smoke, or captive
balloons used as markers, as well as ground-to-plane or mter plane
radio commumicators are wseful to guide the dusting pilot. In some
areas helicopters have specal usefulness.

Disinsectization of awrcraft Many kinds of msects of agncal-
tural as well as medical 1mportance, enter atrcraft and may survive
long Joumeys There 13 undoubtedly e:ig;rzof advertent trans-
port of mosquitoes including those of vector speaes, ﬁou}
onc area to another by air travel Spraying 13 the best mct.hodufd
kﬂhngmxccuonphncs An nsecacide sintable for such use sho
be rapidly toxac to the wnsects but non-toxic to man should have
great dLﬂ:anﬂ.lty be canily applied wath sample techmgque, constitute
no fire msk even when engines are running be relatively unobjec-

tonable to passengers, and not damagmg to cqmpment or plasne
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added to the departure treatment  Cabms are done as soon as the
engines have stopped and the rest of the planc 1s sprayed later when
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the engines have cooled. Aurcraft are kept dosed for s mmutes afier
spraymg

Some officuals advocate combuned acrosol and resdual spraymg
of awrcraft. Another pomnt 15 that bult-m spraying systems are
effective and are becopung more common.

To guard agamst implanting exotic mosqmtoes 1t 1 necessary not
only to spray acroplanes and, m some cases other conveyances, but
also to do away with potential breeding plces m and around sex-
and airports to make them mhosprtable to mosquiroes.

Dramage and Filling
In many areas in the past, dramage has been mquestionably the
best measure of malara control Even now wath all the new
msectcides there are still malarma control problems best solved by
mmmeduate dramage. There are other areas m which readmal sprays
make possible mﬁcf from malaria while plans can be made and

Fxc. 60. Martin dricher pulled by staall tractor being owd i Sardma-

A
secured for tbcmorcpcrmmmtbcn.cfmafdmngt
rrz:;lctytcm:lcncy h;x been to overlook dramage, but 1t becomes
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the engines have cooled. Atrcraft are kept closed for § mmutes afier
sprayiag

Some officals advocate combined acrosel and rendual spraymg
of awrcraft. Another pomt 15 that bultwn spraying systems are
effective and 2re becomung more common

To guard aganst implanting exone mosquitoes, 1f 15 necrswary not
only to spray aeroplanes and, n some cases other conveyances, but
also to do away with potential breeding places m and aroumd sea-
and asrports to make them nhospitable to mosquitoes

Dramnage and Filling
In many areas in the past, drammage has been unquestionably the
best measure of malara control. Even now wath all the new
mnsecticides, there are still malaria control problems best solved by
immediate e There are ather areas n which residual sprays
make possible relief from rmalara while plans can be made and

§ F77 .
Fra. 60 Martin dizcher palied by small macor being ted In Sardisla.

A
sccured for the more permanent bencfin of dramage.
2::? tendency (];ta.v bccm o overlook dramage, but 1t becomes
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reduces the height of the water wble. Subsorl drams are also usefil
for mtercepung secpage water outcrops and have also sometimes
been used to put a small stream entirely underground

_]ustummrfaccdmn:.gcsch:mu.somtmdu—dmngcltuwul
to the success of the project that prelimmary studies be made. Test
bormgs will reveal sub-surface configurations and permit a logical
plan to be drawn. There should be blucpnnts or diagrams not only
of surface contours but also of the sub-surface strata to a depth
somewhat below that of the proposed dram.

Subsorl drams may consst smply of gravel or rubble, or they
may be made of tle or other pipes faid end to end wth open jomss.
Tt 13 usual to begm at the outlet and to proceed up grade 1t 15
mportant to lay pipes deep enough to avord cloggmg by grass and
other roots and 1t 18 essential that careful levels be mamamed. A
final map 15 required, wath pipe locations marked mn such a way that
a blocked pipeline could be dug up 1f necessary some years later
Inspection chambers or wells are usually provided at mtervals along
the pipelne.

InP gddzlmayn, water from antrmalana subsod dramns has been
cleverly utihized for wells, washing-places and 1n ane case for 2
swimmung pool. Such thoughtfulness sweetens relations between
health of and laymen, addmg little to the cost of the control

roject.
F I;.]l limestone regions 1t may be posuible to dramn a pond or ime
ank by bormg a vertical dran through an impervious stratum to an
underground channel. All the water will drop out through the
vertical tunnel and will flow off underground 1n 2 matucal water-
“bra f tdal lands only ditches but also brmds

D of ta wres not only cs
orc;ﬁnmutokccpmthcma:hghndc. The drams dis-
charge at Jow tide through automate tide gates which close as the
sea comes agamnst them, but open agam as the nde recedes, thus
allowing the drams to cmplguﬂMmy types of ude gates have bee
descnibed, the smplest onc g 2 wooden box, st at the end of
the dram and havmg 2 hinged fla on the sca nde. All ide gates
require supervision, because su and other debns frequently

cted m such a way as to the flaps from clotng
bwlzm’:ip;hw 1t 18 cconoyxvmal f::ﬁmld solid embankments

d then pump the water out of the drams mnto the
Eth%mhﬁhw;bvgmdyﬂuwnmmdthﬂtumbc
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wlied for agncultural purpeses. ¢ ar sugar<cane pump dramace
1 a ueeful procedure

1 Yotk p uw it Wom oamd A 3 Comtred The Govn o
w ahh |und

Filling S metunes m ngquits breeding, places can be climinated
by tifing, Rk and wee hales can be filled wath earth sand
asphalt >t cement nvers can be made to depont silt 1 low arcas
(the French have given the word colmarage to such silong) mud
can be rased by hydrulic pumps and dredges and there arc all
sorts of dry fills makmg use of carth gravel rubbish and waste
matenals such a5 cinders ashes, and sawdust. Modern dirt moving
equipment  with bulldozers power graders power shovels and
drag hines have sumplified certain types of filling operations. But
large fills for mosquito control should not be advocated unal 1t 1
clear thatdramnage will not dry an area  Finally somctimes simple
grading 15 cffecuive.

Water management Excellent water management for malama
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;educcs the height of the water table, Subsorl drams are also yseful
Or Intereephing seepage water outcrops and have

been used to pur a small streem mam$mm;m§m omeans

]u:tasmmrﬁccdmuagcnchmu,somlmdcr—dramagcnuwul
to the success of the project that prelimmary studies be made, Test
borngs will reveal sub-surface co tions and permut a logical
plan to be drawn. There should be blueptnts or diagrams not only
of surfice contours but also of the sub-surface stratz to 2 depth
somewhat below that of the proposed dram

Subsonl drains may consst stmply of gravel or rubble or they
mzy be made of tile or other pipes lasd end to end, with open Jomts.
It 15 usual to begm at the outlet and to proceed up grade it 1s
mportant to lay pipes deep enough to avord cloggmg by grass and
other roots and 1t 15 essential that carefir] levels be mamuned. A
final map 15 required with pipe locations marked 1n such 2 way that
a blocked pipelme could be dug up 1f necessary some years later
Inspection chambers or wells are usually provided at intervals along
the pipelme.

In Malaya, water from antt malana subsod drams fas been
deverly utihzed for wells, washmg-places, and 1n one case for a

pool. Such thoughtfulness sweetens relations between
health officers and laymen addmg Iitle to the cost of the control
project.

It mestone regions 1t may be potable to dran a pond or hime
unk by boring a vertical dram through an impervious stratum to an
underground channel. All the water will drop out through the
vertical numnel and wall flow off underground 1n a natural water-
course.

D of udal lands requures not only ditches but also bunds
or a:ﬁ:mmu to keep ourt:hcsmatlugh tde. The drams dis-
charge at low ade through automane nde gates which close as the
sea comes agamst them, but open agamn as the tide recedes thus
allowing the drams to cmpty Maay types of tide gates have been
described, the nmplest one being 3 wooden box st at the end of
the dramn and having 2 hinged flap on the sea nde. All ude gates
require supervinion, because st and other debms frequentdy
become impacted m such a way as 1o keep the faps from closing

In some places 1t 13 ccanomucal to mld sobd embankments
wathour gates and then pump the water out of the drams mto the
sea Whmhndum]o\vmdyetuwﬂmtcdlhalltﬁnbc
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ulzed for agneultural purposes, as for sugar-cane pump dramage
15 a wsefal procedure

i 61 Tod gan e (Courw  Hrerom aod C 2y Vs Comtrel The Comemon-
waakh Fuod )

Filing Somctunes mosquito brecding places can be chmmated
by fillng Rock and trec holes can be filled with carth snd,
asphale or cement rvers can be made to depost silt in low areas
{the French have mven the word rolmarage © such ulung) mud
can be raised by hydraulic pumps and dredges and there are all
sorts of dry fills making usc of carth, gravel, rubbush and waste
matenals such as andens, ashes and sawdist. Modern dirt moving
cqupment, with bulldozers power gradens power shovek, and
drag-fmes, have umphficd certan types of filhng operations. Bue
large fills for mosquito control should not be sdvocated unnl 1t 1s
clear that dramage will not dry an area.  Finally someumes umple
gradmg u offecave

Water management Excellent water management for mahina
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control has been carned out by the Tennewser Valley Authom
The malana vector of the area u):4 quadnmaclatus ztggyosc prt:fcrctzv
tzl larval habrtat 1s quiet, warm water with abundane vegetation
Consequently the malana problem areas m the Valley have been
on the main nver reservors and surrounding areas

Control was begun with an attempt fo burld malaria ot vwhile the
dams were under construction. Past cnce 1n the south~castern
United States had shown that impounding water w uncleared areas
results 1 heavy quadrmacilatus output. So all tress, bushes and
vmes were removed from the plotted recession zone to provide 2
clean shore Ime Just before impoundage, the twater fluctuation zone
planned for malana control was thoroughly cleared to msure a

maximum of clean water surface for the season.
dramage ditches were dug to connect with the mam body of the
reservotr ponds which o would be 1solated.

Permanent shore-hne tmprovements were made to reduce the
costs of malara control. There were aut and fill projects m which
shallow areas, which would create favoursble larval habutats, were
decpened, and the earth removed was used to fill the remander of
the ares, providing a new shore-lme, abrupt, strasght, and clean.
The reclamed land became valuable for agnicultural and tmber
production  There were also diling aud de— atenng projects 1n which
shallow areas were diked off from the man reservoir  Pumping
stanons were bt mto the dikes and water was pumped out of the
shallow area during the mosquito season but allowed to flow back
to provide food and shelecr for waterfowl at other seasons.

In some areas, by purchasc of easement nghts the land was re-
stricted to dzytlmcusc,anixnombcmgxmoutofthcamdunng
the hours when guadrimamlatus feeds.

The water-level management for malama control each season
mvolves vamous combmanons of flood 5 constant pooling
cyd!cu!ﬂucnuﬂwm and seasonal recessions  In the hate fall, wmter and
carly sp the water levels rise above normal needs so that, when
the norﬁf!kvtl 13 etabhshed, the dnft and floatage are stranded on
the banks above the fluctuation rane. Durmg the E,mi gt‘OW‘:l;E
season the water level 1s kept constant at such a level that the gro
of vegeraton the fluctustion zone 15 retarded,  When mosquito
brccdm% sarts a fucruanon schedule 15 established to provide
regular Jowermg and ramng of water levels to destroy mosquito
Jarvac and pupac and to retard vegetaton. Seasonal reccsston of
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level 15 begun when heavy mosquito production starts m carly
summer

In some areas such herbicidal s as 2,4-D have been used to
control growth of vegetanon lable to shelter larvae. Some acro-
plane distnbution of DDT larvicrdes and some gnmul removal of
seasonal growth from the recesston zones have been carned ont, 25
well 25 some mosquuito-proofing of homes m certam aveas. There
have also been some premuses-spraymg of residual DDT and, at all
umes careful surveys of malana madence and vector dens

Slaicng or flushurg Mosqmto larvae and pupae hm:ng n
small streams may sometimes be destroyed by perodically dis-
charging into the stream enough water to flush out 1ts edges. Thus
15 wsually accomplished by alternately dammmg back water and
then releasing 1t by hand removal of shace gates or by automanc
siphons  The method 15 successful if there 15 an abundant supply
and suffiaent head of water with ample gradient to mamtan the
sluice wave and effecnive onrush of water  Side pools and seepages
require special attention

Intermuttent drying The mtermuttent drymg of imgated fields
and field channels 13 somettmes 2 pracucal measure of mosqmto
control, Dependmg on the local cimate and soul, 2 switable cycle
of wet and dry penods 1s arranged so that the surface water and film
on the fields 1s absent for a few hours ance each week or 10 days
thus permutting the aquanc stages of mosqmtoes to be kfled by the
sun The dry period should not be long enough to permut the subsoil
to become dry or to allow cracking of the soil or dlod formanon.
Observing these precautions, one may expect normal or even better
crops from an ntermuttently field This measure requires
sduice gates which can be ughdy closed, ficld channels properly
arranged, competent supervision and close co-operation by those
cultsvanng the fields.

Other measares Flooding in some siuanons will control mos-
quito breeding by lesseming the breeding area, rusmg the edge 50
that fishes and predators can get at the mosquito larvae mereasmg
alt, and washing away the aquatic sages. Somenswes by safimfizanion
or by sweetemng through sutable use of dams or dtversion dnnncalﬂx,
a preferential h:hmmnbcwa[mdasmducomg‘f
breeding of 2 troublesome species of Anopheles  Duwersion of a
rendual flow 1 a dwindling nver may obwate aver bed pools.
Emptying ot destroying containers 13 an important control measure m
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arcas where aquatc stages of the vector or pest mosquto are found
in such places as water jars, ram barrch, eaves guters flower
pots, old ons or tyres coconut shells, and cacao pods  Copper
sulphate will destroy bromehads in which mosquatoes breed.

Naturalistic or biological control A naturalsac measure of
mosquito control 18 one which extends or sntensifics natucal himiang
factors wathout relymg on chemicals or on mechankal devices. In
other words, water mampulation  dramage, and larvicding pro~
cedures are not naturalisuc although somcames they mutate natural
control  Under the classfication of naturalisnc control come such
measures 28 cxposing to sunlight or creatng shade to tum away a
shade-loving or 2 sun lovng species from a preferred breeding place
altering flora or fauna to merease the numbsers of 2 plang growth Iike
11 alfpa ot of fuhes such a3 Gambusia pollutmg with waste material
or rotung vegetanon, dryng by plantmg  Such measures mnder
specual arrcumstances may be relatively cheap and cffectve.

Malaria vector eradication versus vector redaction No onc
now doubts that 1t 15 possible to chimmate all transmusaon of malanz
1 an arca by reducmg the numbers of the vector anopheline speaics
until they are below a certam practical or antical density the magm-
tude of which depends on the natural history of mosquito and of
man, as explaned m earhier seenons. But most vector control
measures must be repennive  Hence the semantic appeal of the
term vector eradnanian which suggests the endmg of 2 problem by
one complete eflort and thus sounds more attracuve than the term
vector redienon Stmulated by the successful eradication of A4
eambiac from Branl and from t, some observers have come to
ads ocate vector eradicanon as the method of chowee to accomplish
malana control almost anywhere.

It 15 now beconung clear that only under speaal condinons s
eradicavon the method of choice for malama control In most
nunuons the chmmaton of 2 mosquite ’Sm 1 2 costly and
difficult undertaking which even of successful does m fact require
never-endmg samtenance measures On the other hand  the
eliminanen of malina & by such a -reducing
measure 35 resdual spraying 1 smple and nchu\ci‘y mespenave
although o be sure st must be contnued indefinseely  The success
of readual spraymg sn Greeee July Venczueh Bomsh Guuuna
Tobago, Branl Ceylon Bombay Suee Mauntus and che
where has been very convinamg Moreover reudual spraymg




17 MALARIA

accomplishes more than malana control. It 1s an effective way of
dealing with flies fleas lice, and other houschold miecty an,
increanngly 1t1s bemg demanded by houscholders whether makara
13 2 problem or not. So that even 1f 2 malanz vecror has been
eradicated, there wall sull be need 1 most communities to do
residual spraying as well as to mamtan a quarantme and scoutmg
service to guard agamst reappearance of the malana veetor
On examination, tt 13 scen that the eadication of gambice from
Brazl and Egypt did not eradicate malaria from the areas and did
not prove that eradication 18 necessanly the best malana control
method somewbere else. For gambiae was 2 foregn mvadmg
mosquito with specialized larval habitats and addle behaviour
patterns which made 1t hughly susceptible to attack. Shannon
who discovered 1t 1 Brazil, where probably only a sngle stram
was present, wrote  Owing to the unique conditions of the country
and certam biologreal lantes of gambiae 1 was able m three
months time to map the nfested area and abso to reach the con
clusion that the speaes could not only be controlled but even
extermunated m the ternitory 1t had succeeded m mvading  In both
Brazl and 1n t not only was 2 houted, sharply focused attack
sufficient to with gambice but there was present m each comntry
a tremendous sense of disaster so that emergency measures could be
readily 1mposed on the people. However 1t should be noted that
Shannon s observattons m Brazl were duregarded for more than
5 years, so that the wfestanon had ume to become well estabhshed.
Anopheles etadication 1n places like Sardmiz and Cyprus 15 2
different mateer  For example, a spectes like labranchiae 1 Sardmua
1 an old-time rendent, aronsng no sense of impendng doom
Labranchioe 15 eclectic 1n 13 habuts to such a degree that almost alf
water collections on the 1land are potennal larval habitats and must
be scouted and larviaded m an eradication project. Only limited
larviading of water surfaces was reqmred in Brazl and Egypt, with
practically no clearmg or dramung mvolved But m Sardmia 2 great
deal of expensive clearmg and draming was rcsl nmply to get
at labranchise—to find 1t and to kil 1. When the Sardmman project
caded 1 October of 1950 1t had cost over 12 miflion dollars and
had not cradicated labranclige Both m Sardmiz and m Cypras it
must be presumed that there remam foct of the anophelnes which
were under attack. Mantenance and quarantme must go on m
defimtely  Sardmuans already demand contmucd rendual spraying
although malana 1s now uncommon.
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n
always attempt to achieve the goal m the most logical fashion. 1f
’P&f 15 requured, then more money will be nccdf:; if the vector
has sharply delumited larval habitars, 1t may be vulnerable to
eradication. But if eradication 13 deaided upon both tme 2nd
moncy must be avatlable without himit, even 1f 1t costs $100 000 to
eradicate the last 10 mdividuals of the speaes under attack. Had
there been sufficent funds avatdable m Sardmg n 1949 and 1950 ro
repeat £Eh:11 1948 irflmgmumc several observers belteve that eradica
aon o ano 3, cxXi the meehole plumbeus would
have boen achueved. e ?

Control by attacking the plastnodizm Destroying the causa-
ave agent mught seem logically to be the most direct way of
contro ra m a community but up to the present tme this
lme of attack has not had much success. In the first place, there are
no practical methods for producing artificial immunization agamst
malana by use of sera and vacanes secondly the use of prophy
lactic drugs has not yet become 2 thoroughly practical measure for
communtties although the additron of chloroqume and chlorguan
1de to the armamentanum has mereased the chances of success.

As already noted, mdsviduals d to pratect themselves from
acute malana wihule exposed to infecuon may use qunacrne,
chlorguamde, chloroquine, or camoqume 1n the doses given and
with the lumtations and the results already described  These drugs
afford a lugh degree of protection from cliucal malana but fre-
quently do not prevent relapses of vivax malana, These drugs are
also uscful in protectng groups of soldicrs, labourers or others who
must live and work m malanous places which cannot be made safe
by anti-mosquito measures.

But for the routine control of malana m a community 1t 15 not
yet possible for pracncal reasons to recommend mass suppresuve
therapy  Anyone who has ever atrempted to admmuster any sort
of medicanton to every mdividual 1n a town regularly weck by
week, knows how difficult are the problems of absentees, mfann
and toddlers, and assorted mndividualus. Skilled personnel are
required to admumster the drugs which may not be lete with the

householdens or at duspensanes mn thus of malarsa control. Thus
costs are hugher as a rule, often conniderably lugher than required
for rendual sprayng or larviadmg - Nevertheless with the newer
drugs there may now be communitics ;n which 1t wall be cheaper
1o use prophylacuc drugs than to destroy the mosquito veetor
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Only aareful tnals wall give an answer to this question Certamly
the ovtstanding success of residual tg:aymg projects at Jow cost i
many parss of the world must not be forgotten when one 15 con-
sdenng the use of suppressive therapy on 2 community basis

Malntenance Somehmes when a control programemc has daven
nualana madence down to a fow point, there 15 2 tendency for
responsible officals to connder the problem permanently solved and
to make no further provision for prevennve measures This of
course, 15 a mutzhe cypecally 1n the wopis Having uop
rmalana transtusston. 1t 13 neCCIAry tO CATTY QUL tdttfenante of wiat
has been called strategsc conrrol sn order that malana may not e~
appear  Thus protects the mvesiment and can be done at relatively
low cost. Usadhy a restnicted or modified apraymg programme 1
contmued  with special atrenwon to other houschold msects
Whether rendual applicanions will be requared cvery year or less
frequently 15 3 question @ be conudered carcfully  Full we should
be made of natural barrters and any other natural conwrolhing fctors.
Peomanent  environmental improvements, perhaps not feanble
previowly  should abio be conndered.

Some economlic considerations Surveys ro determme what
B costng a commuruty to submut to malana, or o other mosquito-
bome discase may help to arouse local denres for a control project.
The followmg stems should be kept in mnd

U Dearlts from mosquuto-bome diseases
t Value of a life lose.
2. Cost of funerals of thoswe who mught have hived long
anough to camn this cost.
1t Hliness from mosquito-bome diseases
1 Cost of medscal care (physicuans quacks, medicanes)
2. Cost of spteual care {pnests, quacks candles, sacnficual
antmals and offerings)
3 Lost carnngy
(a) Durectly duc to diness (4) due to numng 2 relaave
or fuend (¢} for wterest on borrowed nioney
4 Lessened efficiency of convalescents and chronic cases
(a) Lower outpue of labour resulang m smaller crops
lessened manufactunng (b fack of mental and phyucal
energy leading to apathy sugnaton of 3 community
or ¢ven rcgrcmom
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UL Matersal losses due to mosquitoes
1 Lower rentals.
2 Depreaated real estate,
3 Forced sales.
4. Loss of sleep and workang time.
5 Loss and depreciation of livestock.

Rendual spraymg with good control of malana m a community
has been carned on at costs varying m different countries from les
than 10 cents to more than $2 per capita per year (U'S currency)
In Inda excellent resuls have been reported with DDT tesudual
spraymg  For example, m the Bombay State project, 3 mullion
homes are bang sprayed thus protectng 9 mullion persons at 2
cost of 2-7 nulhon rupees. This 15 about 63 U'S cents per captta—
surely a firstclass nvestment! In Italy on the mamlind, malam
has been almost eradicated by rendual spraymg alone, and the
costs have not excecded 50 cents per capita per year m fact, have
been about 35 cents m several areas. Such examples mdicate that 1t
15 0o longer logical to delay malana control because of the cost, for
the facts now mdicate that no country however under-developed
can afford not to control malana by modem, cheap and effecuve
mi

Fio. 63 Amnld#cﬁmﬂymwmd&mwddtm

Recommendsations to governments The World Health
Organmn:f;n 15 domg much t%opmvt to governments the cconomic
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vector sg:ocs, nature of sprayed surfaces, formulanon and dosage of
msectc uency of spraymg. and selection of suntable cqupment.

{tv) Chemo 4 with the newer antm drugs, 1
essential 1n the chinical controf of epldemics of malana, but 1t 55 dear
that chemotherapy plays 2 secondary role in the prevention of malam,
‘While therapentic and prophylactic anamatanal drugy shonld be
avatlable o those who require them (regardless of abiliry pay for
such treatment) 1t must be emphasized strongly that in numerous rural
arcas throughout the world the use of reudual sprays has m two or
three seasons made mass chemotherapy and man :gcmopro hylaxs of
malana unnecessary and obsolete  Contrastwase, ntensive dusmbution
of free anomalaral drugs for many years m other areas has had no
marked influehice on the meadence of malana, exeept m welk rapervesed

gro

(:})*Med:od: of imgation culavation, and arumal hwsbandry should
be 1mproved where necessary so that they wll tend o reduce rather
than mtennfy malana prevalence. In parucular new public works,
wcluding 1erigation and road construction, should be carcfully planned
m consultanion with the malanologust so that they wall not become, as
has frequ happened m the past, a source of malama,

(vflr)“éoiﬂc&'ma much malana can be averred 1 housmg projecs if
they are 5o planned that malanous sites are avoided and malanogenue
conditians are not created by construction operations.

(vii) Governments should  actively support sciennfic  research
directed spocually towards improvmg malama control and dherapy

(vui) Legulanve enactments are essenttal to give legal sanction and
support to appropriate malanz control measures withm 2 covntry

{1x) The prevention of the cxportation and importation of lvng
anophelmes (a5 well as other arthropods) 1s m many countries a matter
of great importance and regures the co-operation of alf governments
n cacrymg out satable quacantme measures wnder patonal and intet
national regulaions Further 3t 13 urged tha all countnes confronted
with zbctyroblan ofmahmdﬁukcﬁ;:wmmpmtdm

anophelines wrthin own
syr(ia)dwohﬂch 15 recognuzed that 2 reasonzble amount of mahina
survey work shonld precede control, 1t mmt be emphsared
strongly that where malania 1 known to be a problem 1t 15 mportant
to start residual spraymg at least as 1 pilot expermment, as soon 3
postible and not y for the s of extenuve studies. Cumnm';ﬂt
entomological and epsdemiologscal mverugatons are essental for
checking and for gudance. Bmmxﬁncimg,mdﬁgm
prosent experience—s00n lose sign

AN ul::a.ugu.mcdom. Nouficinon of malama cues,

resdnal
of coux-x:,‘P;3 of smportance to 3 public health department.
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4 Finally the WHO ealls attention to ¢he fact that, withn hrursnons
of st budget and through its Regronal Organizanons, 1t 13 prepared to
give on request certain types of m control amstance to govemments
and help to wsttutes devoted to tramung m malarology In parncular 1
will make available .S;) advice and technieal reports an the conral
of malana and on cm‘tuon of the public m malana pm%hyhm
(b) fellowships and eavel grants for malana control trammg  {¢) teams
and mdividual expers 1o carry oat demonstration malana control

grammes and to develop malaria control o ns (d) kecturen,
E::nm:e, and teaching eqmpment to schools of malarology



BRIEF BIBLIOGRAIHY

IjThc bibliography of malana 1s umnuallf extensive and the
followmg references make up 2 very smal E.m of it. Speaal
attention has been given to publicattons which have appeared smee
1946 The texts ated 1n tEc Preface have represenmative hsts of
papers published prior to that date.)

A GENERAL

Anprews, ] M., and Grextson W E. Final phases of malana eradica
von m the United States. J Nat Malaria Soc 9 5-9 1950

Doro M F  Malariology by 65 contmbutors 1643 pp  Philadelphia
W B Samders Co., 1949

Hacxerr L. W Malana fn Enrope 336 pp London Oxford Umiv
Press, 1937

Russat, P F - Malana control actmites of the World Health Orgamza-
von. J Nat Malaria Sec,9 1-4 1950

Russetl, P F, WisT L S and MANWELL, R. D Practical Malaniology
631 pp Philadelpha W B Saunders Co 1946

Swriencaeser, N H and De Bucx A Malaria in the Netherlmds

267 Amsterdam  Scheltema & Holkema, Ltd. 1938

WorLp TH ORGANIZATION Reports of first four sessons of the
Expert Commuttee on Malara
1st Sesion—WHO IC79 June 30th 1947 OF Rec WHO 8 8
2nd Off Rec WHO 11 43 1949
3d WHO Tech Report Senes No 8 1950
4h ., Ibid No 39 1951

WHO Report on Malana Conference m Equatonal Afnca Ibd
No 38 1951

B INTRODUCTION

Acxmrarr E H. Malana in the upper Misssappy Valley 1760-1900
Bull Hig Med Supp 4 1945

Bovp Manx F An hutonaal sketch of the prevalence of malaria m
North Amenica. Am ] Trop Med 21 22344 1941

JAraNTIO-Aranco Jaws “The Conguest of Malena Wm Hememann—
Medial Books, Ltd  London 125 pp 1950

RUSSEIL, PAuL P Malina and 1ts mfluence on world bealth. Balf Aaw

York Acad Med 19 509630 1943

Sescsr, B A Malima 1n Barbados, J Port-af-Spaint Med. Soc 1927
PP 12-18  Alo Tropical Agriculture (Impemal College of Troprcal

A 17



180 MALARIA

Agricalture Trmudad) 5 48-50 1928 Also | Trop Med. and I
31 112,1928 (Sec also Brit Med Ji Jmmryjzlx:qm P 114
January 28th, 1928 p 157)

C PLASMODIA

Brooxe, M M and DONALDSON A W Transfer of malarsal tey
between blood films durmg man stuining procedures. Pubpalx;:;/rlx

e, Ui of s st s

Idem Use ofa CC active agent to prevent transfer of malanal parasites
between blood films during mass stammg procedure. | Parasitol
36 84-5 1950 # P J

Crarx, W M Evans E A, Jr Baw, E. G, Heemuan L., Bovax
Nick M. R. Portr, C C., and Wenoe, W B Symposizm on
?&;ogbmmu—y of Malanal Parasites. Federation Proceedmgs 5 390407

CouLston F  Exocrythrocytic stages of Plasnodium cynomolgi i the
Macaca mulatty Proc Soc Exper Biol and Med 70 3604 1549

Famiey N H Malina L The bfe cycle. Brit Med JI, pp 825-30
Ocrober 15¢h, 1949

Fmep J W The Microscopic Diagrtosis of Human Malana Part I A short
deseriptve atlas of thick-film diggnosis 116 pp  Kuala Lumpur Iast
for Med. Research, Federation of Malaya, 1948

Idem The morphology of malara pamasites m thick blood films. The
form and distribunion of pigment. Part V Ibid 43 49-56 1949

e Blood exammation and prognoss m acute falaparum malzem,
Tr Roy Soc Trop Med and Hyg., 43 1348 1949

Fiscumm, O Uber ergebnsse von sternal-punkuonen ber malama. Kim
Wehnsche 27 233 1949 (Trop Dis Bull 47 309 1950)

Garnian P C C c gon?'mnnla.m Trop Dis.
Bull., 45 831-44 1948 (Also Brit Med Bull Vol 8 No 1 1951)

Harmis, A and Rapm, L. M. Evaluation of the complement fixanon
test for malara. Am J Trop Med. 28 787-95 1948

Hawzing F Pro c m mammahan malana parastes.
Nature 161 m@?ﬁt Med Bull Vol 8 No 1 1951)

Hure C G Exocrythrocync stages of malaral parastes, Am J Trop
Med., 28 527-31 1948

Idem Letter to the Editor  (Doubting the malanal nanure of the bodwes
described by Shortt et al ) Trop Med News 7 22-3 1950

Hure C G and CouistoN F_ A scarch for the ocytc saget
of Plasmiodum vivax and of P qpuomolgi | Porasitel 33 27 1947

Hurr C G., Couiston B Coarnmy G R.” Coorer, W C. PosteR,
R.] Hass V H, Wicox, Anare, Lamp R. L., EwiNG R-M}
zndJ Cormmsn N Symposum on cxoerythrocyne forms o
malanal parantes. J Parasitol 34 261-320 1948



BRIEF BIBLIOGRAPHY 181

smoxrt H E. The hfe cycle of Plasmdium cynomolgi in 13 insect and
mammalun hosts. Tr Rey Sec Trp Med and Hyg 42, 227-30
1948 Also ibid 45 175-188 1951

Suontt H E and CamMiam P C C The pre-crythrocytc develop-
ment of Plasmodium cynnnelgl and Plagnsdimt vitay Tr Roy Sot
Trp Mcd and Hye 41 785-95 1948

Idem Pre-erythrocytic stage i mammahan malara tes  Nature
161 126 1H8 (Also Brr Med Bull Vol 8 No 1 1951)

Suoxttr H E. Garnuamt P C C Covar, G and Suure, P G The
pre-erythrocync stage of human malana Plassodum vivax  Brit
Af J March 20th 1948 p 547

Snorrt H E., Gamvtaa, P C C and Matamos B The pre-erythro-
cytc stages of mammalian makina  Brir M ] January 31st, 1948
pp 1924

Wirmaan L. The prolonged viability of sporozoites of Plasnodim
¢allinocem m extracts og washed chicken erythrocytes J Immumol
59 28594 1948

Witcox, Apire Manual for the Microscopreal Diagnoss of Malara 1n
Man USPHS Nat Inst. of Health Bull No 180 39 pp
Washmgton, D C  Govt. Prmtmg Office 1943 (2nd Edit. 1950)

Zacaamas B ] The dugnosuc value of bone marrow biopsy mn
malana Qused by Plasmiodiim faldipanin Ann Trop Med., 43 297~
303 1949

D PATHOLOGY
Amex G ] Stermal puncture in the dugnoss of malana  Lanert
CCXLV 466~8 1943
Cova, Six Goroon  Congerital malana. Trop Dis Bull 47 1147-67

1950

Famer N H  Sidelights on malaria 1n man obtaned by submoculanon
expenmentss. Tr Roy Sec Trop Med and Hyg 40 621-76 1947

Idern with speaal reference to certan expenmental, dintcal, and
chemotherapeutic mvesngations Brie M J., October 15th and 22nd,
1949 pp 825 and 91

Marcrarrs B Pafliological Processes in Malana and Blackwater Fever
430 pp Springfield, 1. Charles C Thomas, 1948

B.Jons E S Avprews W H H  Pathologreal processes

m malara progren « Tr Roy Soc Trap Med ond Hyg 45
15-42, 1951 pere ! P e

Oveman RORL Hut, T § and Wone Y T Phywoloeical studies
m the human malanal host. 1 Blood, plasma, extracellufar Aud
volume, and 1onic balance m therapeutic P vivax and P falapanm
wfecuons | Nat Aalaria Soc, 8 14-31 1949

PiNeYy A and Haruton PamimsoN J L Stermal Puncture  4th Edst.
8% pp London Wm Hewmemann, 1949



1w MALARIA

Rumparr, C A Paxsoxs-Sume B G and Nancexmvns, L Stemal
puncture m the diagnons of malarta Lancet CCXLY 468-9 1343

E CLINICAL COURSE
Coatvey G R. and Yoone M D A stud of the paroxysms resul
from nduced mnfections of Plasnodnm{ vivar  Am ] Hyg.,a;sg
13841 1942
Gawnuiam, P C € Malanal immunity 1 Africans. Effects m mfancy
and early cluldhood. Asn Trop Med 43 47-61 1949
SweLLENGREREL, N H. Stages m the development of collectrve immi
m malarz. Do-vimenta Neerlandica et Indonesica de Morkis Tropsos 1
165-74 1949 (Trep Dis Bull 47 193 1950)

F THERAPY

Bowr T H., and Goopwmvg, C H A sccond year s field mal with
chloroquime suppression of high endemic malans 1n o Panamanun
village. | Nat Malaria Soc 8, 238-46 1949

Coorer, W C  Summary of antimalana} drugs. Pub Hedlth Rep., 64
717-32 1949

Covelt, G Nico,, W D Sruts, P G and MarYoN M. Studies on
a West Aftican stoun of Plasmodnim falipenam  The efficacy of
paludnine (proguamil) as a prophylactic sgent. Tr Roy Sec Trop
Med and Hyg., 42, 3416 1949

ldetn T The clicacy of paludnne (proguanil) as a therapeunc agent.
1bid., 42, 465-76, 1349

Epccoms | H. AmvNow J., Youst Jr E. H, Arvme A. § and
ErcamBErGez, L. Primaqune, SN 13272, a new curative agent m
vivax malana 2 prelimnary report. JI Nat Malerls Soc 9 28592,
1950

Frmp | W Notes on the Chemotherapy of Malarla 180 pp  Bull No 2of
1938 of Inst. for Med. Research. Kuala Lumpur red Malay
States 1938

FptAr G M Recent Advances m Chemotherapy  3rd Edie, vol- IL
] & A. Churchill, Ltd. London 1951 of

MALARIA SECTION WORLD HEaLTH ORGANIZATION Summary revicw
lcrature on camoqum. WHO/Mal/38 Apn! 17th, 1950 13 ppa

Geneva,

mmeogriphey. ement of cases of cerebral malana.

Ransoue, G Notes on the
Proc Alumni Assoc Kimg Edward VII College Med., Smgapore, 1 23-8
1948 (Trop Dis Bull 47 317 1950

Scorr V  Smgle mtravenous mjecnons ogdﬂoroqumc m &ggoannml
of falaparum malana. Am J Tr Med 30 50310 1 i

Wastacy, R. B Mass suppresgon with chloroqume chlorogume

pentaqmne and Neo-Premaline ] Trop Med., 52, 93-106 19



BRIEF BIDLIOCRAPHY 13

Younc M D andEvies D E. The efficacy of chloroquine, qumacrine,
qumune and toaqume m the trcatment of Plasmodim malarice
mfections (quartan malama)  Am J Trop Med, 28 238 1948

G ANOPHELINES

Bucnrz, ] C and Tavor, M Radiophosphorous and radiostrontium
m mosquitocs. Preliminary report Science 110 146-7 1949

Causey O R., Drant, L. M., and Deang, M P Studtes on Bra.ilian
Anophelines from the Nertheast and Amazon Regions 50 pp  Bala
more Johns Hopkins Prets, 1946

Cova-Garcia, P Nofas sobre los Anofelinos de Venezucla y su Identificacion
28 pp Caracas, Venczucla  Editonal Grafolie, 1946

Dr MetroNn B The Anophelini of the Ethiopian Geographical Region
272 pp Johannesburg S African Inst. tor Med. Research, 1947

Idem  Speaes and subspeaes of vectors and ther bionomia. World
Health Org Mimco Bull. WHO/MAL/54 October 10th 1950
Sce also Bull WHO 4 419-41 1951

Frzzi, G Cromosonu salivan m  Anopheles maculipennis  Scientia
Genetica 3 67-T9 1947

Idem Determmanone del sexso nel genere Anopheles 1hd 3 80-8 1947

Idem Sahvary gland chromosomes of Anopheles. Natwre 160 226 1947

ldem  Genetica di popolaztom m Anopheles maculipermis  La Ricrrea
Saentifica, 19 544-52, 1949

Gieurow, G An mvesngation of the house frequentmg habis of mos-
quitoes of the Brnnsh Guiana coastland m relation to the use of
DDT Am J Trop Med, 28 43-70 1948

GozpoN R M. Reactions produced by arthro directly injunous
to the tkm of man. Brir M ] August 5th, 1950 pp 316-18

GorpoN R M and Cxrwe, W The mech by w ey
snd tiene flies obtam thexr blood meal the hiseology of the lesions
produced, and the subsequent reactions of the mammahan host
together wath some observatnions on the feeding of Chrysops and
Crmex  Ann Trop Med 42, 334-56, 1948

Hasterr C € and Jensms D W Production of radicacuve mos-
qurtoes. Science 110 109-10 1949

HunNmeN A J, Youne M D and Burcess R. W  The mfection ot
anophelme mosquitoes by nanve avian malana. J Nat Malaria Soc.,
9 145-50 1950

Jevxmy, D W A ficld method of marking Arcue mosquitoes with
radiophosphorons. J Fron Entomol 42, 988-9 1949

Kand M. C., and Orrxmauser Jr W The idenuficaton of certan
}X‘C;t Aftican mosquntoes by sound  Am J Trp Med 29 827-36,




184 MALARIA

LaNE, | Cataloge dos Mosquitoes Neotropicos, 218 S0 Panlo
Edit. Pelo Clube Zool do Branl.‘ll'g” £ aolo Bl

LepsoN H. S Lumspen 'W H R_ Yors, ], and MAcAN T T Ano-
pheles and malana m the Near East. London School of Hyg amd
;r;;)g Med. Memorr No 7 23 pp H K Lews & Co, Ltd

MaTumsoN R Medical Entomology (2nd Edinon) 612 I New
York Comstock Pub Co Dﬁ:.( 1950 ) PP fihac, Ne

McAgtmug, | Malana and 1ts vectors m Borneo  Indies JI Melartol., 4

" 1'111:% 1950 Also ibid 4 391-447 1950

Iders 'The importance of Anopheles leurosph Tr Roy Soc Trop Med
and Hyg 44 68354 1951 K r g

Munir, A Buwemss R. W and Cawerntin, S5 ] Potentuhng of
transportaton of exonc anophelmes by acroplane  J Nat Malana
Soc 5 227-43 1947

Mumdrsp-TroMsoN R. C Mosquito Behaviour 219 pp  London
Edward Amold & Co., 1951

Puvort, M. The biologieal bans for the campagn agamst the malama
vectors of Branl Tr Roy Soc Trop Med and Hyp 44 66382,
1951

Rrce, | B, and Barsem, M A A modificanon of the Uhlenhath-
Werdang preapian test for d the sources of bloodmeals 1
mosquitoes and other nseets. J and Clin Med 26 876-83
1935

Russmy, P F, Rozesoom L.E and Stonm, A Keys to the Anophelme
Mosguiitoes of the World 152 pp Philadelphia  Amencan Entomo-
Togreal Socicty 1943

Stoxer W ] and Komomswmancomy R. W Ilnstrated Map of
the Ano ¢ Imagmes of Indonena (Englsh translanion)  Munsstry
of Health Indonessa, Djakarta, 1949

SussuaN A S The funcuon of tvrosinase 1n msects. Qrart Rev Biol,
24 328-41 1949

H EPIDEMIOLOGY

Camurorsmss, § R. The mechanism of mmunity agamst malara m
communmties lving under hyper-enderuc condiuony., Indien J Med
Research 12, 273-94 1924

Crmistopress S R, Sivrox J A, and Covarl, G How to Do a Malaria
Survey 120 pp Health Bull. § 14 Ma) Burcau§6 Dellu Govenn
ment of Indra, 1944

Paver T H and Gowon R. M. The esamation of the densiey of
mfecave anophelmes as 2 method of calculsung the relative 1k of
noculanon with malarz from different speaes or m different
localines, Anw Trop Med 27 27-52, 1933



"5cction of Wtocs for Malag,
mormanon f0 be denyeg thD:i-f}om Tr

Med and g "o 617-34 1950

HoLm:m M Af

r Roy s
Note o Malan, tdemo), M Frencl, Wey
World Healey Org Mimey BZFI’I \VHgg.{{AL’SO Octof
1950
Joves M gen

1] malyp, Report of three cagey. Bry
Augus 19th, 195 Pp 439 4; “CPO
Rwee By Malapy,

contro] gy, M sy Neus 19 169-93
lAcpoy G The Mechangsy, of mfection with
hving tmd
Researy,
Hery

n oy
Tdemye o, h)'Pcrmdcnuc ondition, Ind g
18 1347»1372, 1931

The analyg, of‘mfrcuun Fates discasey 1 which SUperinfe,
occury Trp p,, Bull 4y 1-9 1959

Idanlgs"lz)xc 58 of malary par.

Cmuu_muN R
Or,

AR faey 4y mbne, gy 17 g
port on Tmmﬂologym Malary, Bull pp,
omemu,Q 1-246 1945
MU1lllL4D~THOllSoN 3 bution of anophefine Mosquy
bite :mongd:ﬁ'ermrlgrgroupx Bry M J No 47 s PP 1114
1951
tu n the 3Tty oy of humap, Popubatgp
Ent R, 40 227.38 1949
the ry of'proh.:bllmc, to the study of
Proc LETIRM London,smerd 92, 04730

d future oatlook 4, Eage
26 I78-g5 1949 mahna
G ANty p Cc, and §
A reviey of hy d malan, ",
1959



186 MALARIA

1 PREVENTION AND CONTROL

AvessaNDRING M E. Metodo rapido di Ricerea e determmaznone ds
piccole quanney & DDT su superfia spruzzate. Amm 4 Chimico
Applicata (Rome) 38 414-22, 1948

AMERICAN MosQuiro CONTROL ASSOCIATION The Use of Aircraft in the
Control of Mosquitoes Am. Mosquita Control Assoc. Bulletin No 1
March, 1948 46 pp

ANDKEWS ] M The eradicanon programme n the U S.A Am, J Trop
Med 10 99-123 1951

ANDREWS ] M., and Spoons S W Developments m the use of the
newer organuc wsecticades of pubhe health importance. Am | Pub
Health 38 613-31 1948

Brsror E. L. and Hsan B H. Malana control trends an
water of the Tennessee Valley | Nat Malania Soc., 7 12-22, 1348

Bismorr F C  Precautions 1 the we of msectades for mosquito
control. Mosquito News 9 137-42, 1949

Brocx, S S Tats of screenung effecoveness agamst insects. Sclence 104
447 1%46

Beaptsy G H. and Lyman F E. Discussion of five years use of DDT
reduals agamst Anopheles quadrmmaculatns. | Nat Malaria Sec., 9
113-18 1950

Braviey G H., and Farz, R. F Entomological evalnanons of results
of residual DDT spraymg durmg 1946 J Not. Malarfa Sex., 6,
117-21 1947

Brown A. W H. Insect Control by Chenuaals. 817 pp New York
John Wiley & Sons, 1951

CrzsTorEERs S R. Mosquuto repellents | Hyg., 45 176-231 1947

CoroniaL Orfic Colonial Insectiades, ades and Herbiades
Commuttee. Third Annoal Report {1945-50) 155 pp 1950
London HM St Office,

CoUNCIL ON PHARMACY AND CHEMISTRY Phatmacologic and toxcologic
aspees of DDT (Chlorophenathane USP) I Am Med Assox
145 728-33 March 10th, 1951

CrowsiL, R. L. and Fay R. W Prelunmary expenments m the use of
hot DDT and other hologenated hydrocarbons for residnal appha-
vont. JI Nat Mal Soc 10 B-16, 1951 al

Daum, P A, Fountamye, F C and Panxaszm, | E Thcaf:nmm
feedimg of panathion to dary cows  Sciewce 112, 2545 1950

Davip W A L. Air Tremsport and [nsects of Agrioulueral Importance
11 pp London Commonwealth Insutute of Entomology 1549 ‘

DavipsoN G Resuls of recent expenments on the use 0 rll)dpgm?th
BHC aganst adult mosquiroes at Tavets m Kenya. Wol
Organizanon  WHO/Msl{67 Devember 1at, 1950



DRIEF DIDLIOCRAPITY Lo

De Onc E. R, Chemiary and Uses of Insectlcides 345 pp New Yock
Remhold Publuhmg Corp 1948

Droxier C C., Suuman W N, Norrwguam E - and Empquut
A W Conaol of Anepheler mosquitoes with coane and fine DDT
sprays appbed by acroplane ] Eeon Dwtomol., 42, 447-50 1949

Devuns, V G Chemeal Jnscct Attractants and Repellauts 289 pp Phila
delphi Blaksston Co 1947

Dowimg M A C. Report it progress of malaris eredication sheme 23
Port Lowss Govt Panter 3949 (Trop s Bull., 47 321 1950

Hdem  An experument 1n the cradicanion of malinz m Mauntin - Govt.
Priveer Colony of Mauntws {1 pp 1950 Sec abo Bull. WHO
4 44361 195

Downs, W G. Boapas E. and Navammo L Dursnon of action of
rendual DDT deponts on adabe surfaces Scdener 114 259 1951

Frxcuson F F, Urmott W M and Smamons § W A survey of the
cxperimenaal use of DDT s 2 mosquato koviade [ Nt Malerfa
Soc B 32-4% 1349

Fioo § W Fuougant and repellent effects of BHC (Gammexane) and
DDT upon 4o pheles (Correspondence ) Tr Roy Soc Trop Mod
and Hpg 43 347-8 1950

Faean, D E H. Chentisry of fnsectioades, Funguides ond Herbicides  (2nd
Egiz., 2nd printmg ) 417 pp New York D Van Nostrand Co.,
1949

Gararpos A The nanon-vide campaugn agart malana 1n Veneruch
Tr Rop Sox Trop Med and Hyg., 43 11354 1549

Iden Progres of the Malara campugn 10 Vencraela. Am J Trop Aled
10 12441 1954

Gagan J D Gneexy | H Pewty R L oand Wusow HL. G Com-
paranve tooety of four chlormated ¢ compounds to mos-
quitoss, homefhes, and cockroache {chiordane BHC toxaphene
md DDT) ] From Entomal 41 795-801 1948

Growmou G Malma Fidanasns axd Yellowr Fever in Britsh Guiana 226 pp
Georgerown Mosquuto Control Service, Med. Dept 1948

Hem Eradication of Aneplictes darimer from the imhabired areas of Brimh
%x;x;m by DDT sesndual spraymg Am | Trop AMed 30 14261

Guaoy A B Malana Control by Coastal Sreamp Drmitiage m 55 est Africa.

G WypjlmdonM - Rmxh;st.o(Tmp Hyp 1948

INSBURG oxaty of paracthuon 1o mosquitoes. ] Eeon Dt

o 650 18 4 J b

Guscow R.D., and Corns D L. The thermal serosol fog generator
for large scale appbaation € DDT and other miecvade. J Eow
Entomol, 39 227-35 1946,



Lewrs p J The A tMinaggy of dnophey,, ambiae m ghe Wad: Fapg,
area. 77 Roy Spe Trop Mg mndH)g f}! 373—402_ 1949
Lmnuru,] P ang Mozroy g A Tab of the Petmeabyyy;, of fibey
t0 biang by mq Weoes. g Entomol 44 788-94 1049
Locay J A Anap/;%u labran:lnoe Tadicapay 1 Sardin,, 2 mterym
Tr 323 1959

Mabppy A g and LT A W Improvmcm of nozele for
applﬂx}g mu%w%%ada as fin PRYL ] B
Entomol” 47 919-24 1948
GoON E g Draingge whealtlzmrlzecmb&,mm lish ang
Spanysh ) Bolcltj:n Oﬁ'g;,[bq'dc Salubrd,g y A:mmua(EggqaL L2
Haban,, ubmchu 1945 556 pp
MaNprroy :‘LREP Danxss and OPOULOS Ay Old and pey,
Method, ofcontrollxng malang Greck Macedop,, Am ] Trop
Med 23 3541 148
R. B, ang Mrrcary R L Dcvdopm:ut of resstance to
Muoi:‘amc Msecticyday othcrdnnDDT by houseflye J Ecoy Enntons]
42 999 149

METCA,LFR.L mMﬂchanl'mtzfoggucllmulﬂ&: Wathingrog,
Co 1

Ma



BRIty BmLIO(‘RAP”Y 1%

ey frican hogygey Tt Rop o Trp Meod and Hpo 43
01-12, 19

AMPANA, E. Malap, contral b, restdy) oor g w,
dichl, Dicny Linch) c cy o?m hods fp
fStmE rendy,| %I and of resulty g,y Hosrld prp Ore 1
2539, 4

Léem le malap, contro| CAMparen, g residya) Msectirdey
Hpp \VorldHc:lth O Mimeo Bulf WHO/M:I% Scptember
25 1950

na Malary, adicapon, Programme Bran].
Im I Trop ageg 16282, 195
RMJ:\TG andDVnEDO 'auo‘uunthcmcuftoxm
bnquertey for F1OSqUILa conprg) M osgrit Ny 9 68-71 1949
Rous R C A Digese oflnfomuuon 1 Toxaphene Us Dept. of
Agnculngre Bu, Enmmo!nm and Plyn, Quaranpne E-8np, Mimep.
85 Pp 195

ldem "5y 2 0% botapyey) Mscetiende Soap March, 195, p 125
lery 4 Digesy oflnf‘ornumn o1 Chiord,, Us t oFAgntultmr
By Plan; Quaraneme E-817 Apnl 195
CINpog N E ADLgmoFthc LumturconDDT
‘t(f":mfwghd.ﬂir;l Hoeh, 1944 Us Depe, oFAgncuIrurc Bu Entomg_
and 1 ! Quarangy, E. Mimeo, hed 53 . 1945
IdmASmmch o Sop yzppz

Pinorm, M The Bon-yde
10 16
A



190 MALARIA

Proc 4t Internat  Congresses on Trop Med and Moalarla. Vol
pp 1729-37 Washmgion DC  Department of Sate, 1948 &

Stizaa, FL, and Scutsirz, W R The operation and phyncal evaluation
of routme applications of DDT larviexdes by aeroplance. Mosguito
News 9 1-7 1949

Stmeu, H., and Stensure R. L. Some developments 10 msectiade

cqupment. J Nat Malaria Soc 8 100-108 1549

Stexwpure ] Keasns C W and Bauee, W N Absorption and
metabolism of DDT by rewstant and susceptible houseflies. | Eron
Entomol 43 214-19 1950

Tamzwmr, C M Effects of DDT mosquito lirviadmg on wildlife.
V_Effects on fishes of the ronnne manual and zeroplane apphication
ll)g 5[‘))DT and other mosquito lavicides Pub Health Rep., 65 231-55

TeNNESSER VALLEY AUTHORITY Malaria Control on Impounded Water
422 pp Washmgton, DC  US Government Printmg Office,
1947

Trarmo H  The Development of a sprayer for use with water suspen
sions of DDT m rur:g areas of Lann Amenca. Am | Trop Med.,
28 721-39 1948

Travis B V., Arecewnns, K. H, and Ssrms, N Control of mosqunte
larvac 1n Alaskz with DDT ] Econ Entomol 43 330-3 1950

Travis B V., MoztoN F A Jones H. A, and Rosmson ] H. The
more effective mosquito 1 ts tested at the Orlando Flonda,
Laboratory 194247 J Eron Emtomol 42, 686-94 1949

Travs B V and Saatu C N Mosquito repellents selected for wse on
man. Ihid., 44 428-9 1951

Unmmp Nations Ecowomc anp Socur Coune  Availabibty of
msecticides for the control of malana. Report by Secretary-General
E/1709/19 Junc, 1950 33 pp mmeographed.

US Derr Commerck, NAT BUREAU OF STANDARDS Inseat Wire
Sereening Commercal Standards, pp 13849 Washmgton D C.
U.S Government Prmung Office, 1949

Varcas L Indicaclones Medicas y Sanitarias de Algunos de los Insecticudas
Modernos Mas Usuales 92 pp Mexico La Prensa Médica Mexicana,
1950

Viswanataay D K. A study of the effects of malara and of malama
control measures on population and vital samstcs m Kanarz and
Dharwar Dustncts a3 com with the rest of the Province of
Bombay Indim | Malarlology 3 69-107 1949

Hem Malzza and mJCm:m'ol m Bombay State. 263 pp Pablushed by
D K. Viswanathan Poona, Inda. 1950

ViswanataaN D K., and Ramacranoss Rao T Control of runl
malara with DDT indoor rendual spraying mn Kanarz and Dharwar



ual spry g 1n
omb,y Prownf:c Smf g
resyl =2 157219 19

\VALLAD; R n A mag, Maculary, Mod g Malaps 3 5-53
1948 (Trp Dis pyy, 46 613 19 M9}

Wisr 1 F 3 Aveeryy A DDT and Newer p, CTusteny Insccu-
ades, 2, Edpe, Reviged, 632 ndon Chapman, & Halt
Led, 195

Wony Hearny, Oncwmrruw Ex|

on Fm:Smmn_

on Second
on TI-urd Scu; pm? Teck Rep
AN Tmn, PH 1 rtpcllcnt efleer of
an Dy

Msecticrdey o pccull) ofcont:cr
rlandcq and Tndonege, Morh 3 117225



MEASUREMENTS AND EQUIVALENTS

LENGTH
Tnch (U'S)==254001 cin = 25 400! mm. (Brush mch = 2 539998
an,

1210 =1 foot = 0 304801 m.

3f=1yard =014 m

5} yds =1 rod == 25 links = 5-02921 m.

320 rods = 1 mile (5,280 ft. or 1 760 yds ) = 1-60935 k. xs 1 609 35 m,
1 knot or nautical mule = 1 1516 statirte mules = 6,080-27 f. = 1 85325

km.
1 mulunetre == 0-001 m. = 0 03937 .
10mm =001 m. =1 centimetre = 0 3937 m
10 cm. == 01 m. = 1 deametre = 3 937 m.
10 dm = 1 metve = 39 3700 m, (Brrush, 39 3701 m ) == 3 280833 fi.
10 m =1 dekametre == 10 9361 yds
10 dkmy. == 1 hectometre == 19 8838 rods.
10 hm. = 1 kilometre == 0-621372 mile = 1 093 6 yds. = 3,2808 fr.
1 micron (p) = 16~ em = 0001 mm. =3 937 X 10~ m
1lnk=792m =20 11684 cm
1w1mb==1cham==66fa=22yds.z=4md1==m11684m
1 farlong == 40 rods = 220 yds = 201 1684 m.
1 hand = 410 =10 160 cm

SIEVE MESH SIZES IN MICRONS

S
Sheve Number &Te’(’;g;ﬁ) iz

10 2,000
20 840
50 297
100 149
120 125
140 105
170 8
200 74
230 62
770 53
44

] 7




MEASUREMENTS AND EQUIVALENTS 193
MASS

1 microgram (ug or y) = 0-001 mg

1 milligram = 0-015432356 grain

10 mgg = 1 centigram = 0 13432356

10 cg = 1 deagram = 1 5432356 grains.
10dg =1 gramme = 15-432356 grains.

10 gm == 1 dckagram = 5 643833 drams avdp
10 dkg = 1 hectogram == 3 527396 oz avdp
10 hg =1 klogram = 2 2046223 1b avdp

1 gramme = 0-00220462 1b avdp = 0-00267923 b apothecary or troy
1 gramume = 00352737 oz avdp = 00321507 oz apoth or troy

1 gramme = 154324 grains.

1 kg == 35273957 oz. avdp = 32 150742 oz apoth or tray

1kg = 22046223 Tb avdp = 2 6792285 Ib apoth. or troy

27 M4375 grams = 1 dram avdp = 1771845 gm

16 drams = 1 ounce = 28 349527 gm

16 oz. = 1 pound = 453 5924 gm = 0 4535924 kg
2000 1b = 1 ton (short) = 907 18486 kg

1longton (US or Brtsh) = 1 120 shore tons = 2,240 Ib avdp
1 metnic ton (fomie) = 2,204-62 Ib avdp = 1000 kg
1 metric ton = 0-984206 long ton = 1 10231 short tons
1 Brmh stone = 14 Ib avdp = 6 35 kg

1 gram avdp., apoth or troy = 64 798918 mg

20 grains = 1 seruple = 1 2959784 gm.

3 scruples = 1 dram apoth. or troy = 3 8879351 gm
8 dramis = 1 ounce apoth or troy = 31 103481 gm.
12 ounces = 1 pound apoth or troy == 373 24177 gm

AREA

1 square milimetre = 0-00155 g m.

100 mm * =119 cenimetre = 0 155 5g 1n.

100 cm.* = 1 59" decimetre = 1555q

100 dm * =159 metre = 10-76387 sq fr = 1,550-03q 1,
1359 metre = 1195985 5q yds (US) 1195992 sq ydv (Bnush)
10000 g metres = 1 hectare == 2471044 acres (U ;‘s

10 hectares = 1 5q kilometre == 0 3861006 3q muke (US)
101q chans = 1 acre = 43,560 5q ft =4840 sq yds. (US)
Tacre (US) = 4046 873 39 metres.

1 acre (Brnsh) = 4 046 8495q metres

13q mile = 640 acres = 2 589998 39 km
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VOLUME

1 cu. mm = 0-0000610234 cu. m.

1000 mm.?=1cu cm = 00610234 cu. m.

1000 em.? =1 cu dm. = 614234 cu. 1n

1000 dm3*=1cum =1307M28 cu yds (US)=1
(breety yds (US) 307954 cu yds,

1md = 35 314445 cu. . (U'S ) = 35 31477 cu. fe. (Brsh)

lcum (US)=162387162 cm?

1 cu. 1n. (Britsh) = 16 3870253 cm.?

178cu m.=1cu fr.=00283170m?(US)

1 cu. ft. (Bnash) = 0 02831677 m 3

27 cu. fr. =1 en. yd. = 0 76455845 m.2 (U S )

1 cu. yd. (Britsh) = 0 76455285 m.?

CAPACITY

1 nullilitre = 16 2311 munims == 0 0084538 gll (U S

1 ml = 00338147 or. (flwnd, U S) = 0035196 oz. (Aind, Brinsh)

1 mb = 0061025 cubic mch = 1-000027 cubic centimetres.

10 ml. = 1 centilitre 10 cL. == 1 dealitre 10 dL = 1 Lere.

1 1e=1000 ml=1056710 quarts (uqud, US)e= 0264178 gal
quid, US)

11 == 0 26417762 gal. (U.S) = 021998 gal (Brrrsh)

11 = 0-028378 bushel (U S) = 0027497 bushel (Brish)

11 = 33 8147 ounces (flud, U S ) = 35 196 ounces (Awd, Brrsh)

4glls=1pmt 2pa. =1qt 4qtr. =1 gallon.

1 pmt (liqmd, U S) = 473 179 cubic cenumetres = 473 167 rulliberes.

1 pmt {liqud, Botish) = 568 26 cubic cenamectres = 568 25 mulbhres.

1 quart (iqud, U S ) = 0 946333 lire.

1 quart (hqmd, Brrtnsh) = 1 13650 litres

1 gal (U §) = 231-00 cubic mches = 3 7853 lieres.

131L§Bnmhlmpau])==2773cuhwmchu:454596hua.

1US. gal of warer at 15 C. {62° F) weighs 37820 kg or 8337 b
avd

IDn(LI.ul:p)malgaLofwarcrntls C (62* F) weghs 4 535924 kg or
101b (avdp)

1 Brt. Imp gal = 120094 U'S gals.

1US = 083268 Bnt. Imp gals.

1US Lqud barrel = 31 5 US gals.



MEASUREMENTS AND EQUIVALENTS

APOTHECARIES FLUID MEASURE

60 mimms = 1 flrd dram == 3 6966 mullheres.

8 fl. dr = 1 flrd ounce wx 29 5729 millilieces.

16 fl. oz. = 1 pant = 0473167 litre

1 US mimm = 0061610 mulhbitre == 0061612 cubic centimetre
1 Botuh muum o= 0-059194 cubtc centimetre

TEMPERATURE CONVERSION TABLE

c F C F
— 344 - 300 1546 0
— 304 — 249 2040 680
—239 — 200 211 700
—233 — 100 29 750
~ 200 — 40 250 770
~178 00 2%7 800
—~122 100 30 860
~100 140 22 9%
— 67 200 350 950
— 11 309 370 %6

00 29 378 1000
17 359 400 1040
44 400 1046 1050
50 410 33 1100
72 450 450 1390
10-0 500 461 1150
128 550 489 1200
150 5940 00 120

1 C.=18F

1 F w0555 C.

PC+2= F

J(F-2)= C
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