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FILARIASIS IN MANGALORE SOUTH INDIAY
By
Ao Ko KRISHNASWANMILL

cMualaria Tnstitute of Tudia, Delhi))
[ (YL 1S

AN mmvestigation intoe the incidence of fifariasis in the mumicipality of
Mangalore was carried out during the period March-April, 1954, The findings are
recorded in this paper.

Mangalore is the headquarters of the South Kanara District of Madras
State.  The town, a terminus of the Southern Railways, 15 sitnated on the west
coast of India and covers an area of about 18 sq. miles. The range of the western
ghats bounds the town on its northern and eastern sides, while the Ullal River
forms the southern limit,  The Gurpur River runs parallel o the sea-coast on the
western. stde of the town before joining the Arabian Sca.

For administrative purposes, Mangalore has been divided into 25 Wardy
(Map 1). Extensive groves of coconuts and arecanuts abound in the town. In
sume places, felds with wet culitvaton are also present,  The total population
of the municipality according to last census {195) is 1,717,095 and consists of
Hindus, Christians and Mohammedans. The population of the different wards
varies from 2,319 in Ward 1o te 9,004 in Ward 3.

The regional fanguages are Kanarese, Konkant and ‘Tuln. A simall propor-
tioss, mainly immigrants, speak Madayalam, Tamdl and other Senth  Indian
lapgnages,  The lMeracy rate among the population s high,

METEOROLOGICAL CONDITIONS,

Temperature remains warm amd the humidity high dheoughout the year,
Raintall is heavy {about 120-150 tnches anmually) and precipitation oceurs mainly
from June to September.  Fxcept during the height of the monsoon { July-August)
favourahle conditions appear to exist almost throughout the years both for the
breeding and longevity of the local mosyuitoes,

I -
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4. k. Krishnaswamz. 3
WATER SUPPLY.

There 15 no protected water supply for the town, and wells are the main
source of domestic water supply., There are a pumber of tanks, some of which
form an additional source, especially after the monsoon. During summer, most
of the tanks go dry and water supply from the wells becomes poor. A scheme
{for protected water supply for the town has been sanctioned and is expected to
he implemented in the near future.

HISTORY OF FILARIASIS AND PREVIOUS SURVEYS,

There is an impression among the old residents of the town that cases of
filariasis have been increasing alarmingly during recent years. It would appear
that the numbes of cases were comparatively few about a couple of decades ago.
Such cases appear to have been limited to the coastal areas. The cases at present
are not only increased in numbers but have spread in the entire town, There is
not a single ward free from it. A cause {or worry to the citizens and to the city
fathers is the occarrence of clephaptiasts, particularly in girls of the younger
age groups.

Filariasis surveys of the town have been carried nut during the past four
years by the staff of the Madras Public Health Organisation. The available
data are presented in Table 1. The disease rate among the community during
these years has ranged from 2°2 (o 47 per cent, while the microfilaria rate varied
from 3°g to g'g per cent.

Fapce 1.

Previous filania surveys of Mangalore Municipality 1950-53%.

NUMBRR OF PHRSONS | AVERAGE PER WARD
EXAMINED ;
Yeur. e BTt T
" for disease. for M. | Discase rate. | ML rate.
e e e ] -
a0 L 2300 ¢ 1012 | 38 L 99
w51 | 2303 17 N R
1952 | 1488 1 1489 | a4 28
1953 1297 l 1297 | 47 1 48

i i |
*Data obtained from the unpublished records of (he Regional
Malariologist available from the Menicipal Health Officer, Mangalore,

PRESENT WORK,

Investigations on the following lines were carried out to clucidate detatls
regarding the cpidemiology of filariasis in Mangalore.

{a) Blood survey.~Random representative samples of population from all
the 25 wards, covering all age groups and hoth sexes among the different social



i Filariasts in Mangalore.

s11ata, were cxamined in order to determine the incidence of filarial infection and
filarial discase iy the community. Blood smears were collected during nights
hetween 4°30 pon. and @ aam. by honse-to-house visits,  Approximately 20 c.mm.
nf hlond from a pricked finger of each persen, was obtained on a clean glass slide
and the binod spread into a thick oval smear, about ene inch long and o5 inch
broad, The slide was marked with the same number as appearing in the register
in which -mher details siz., name, parents’ name, age, sex and external signs or
swmptoms of fitarial disease, t any, were recorded.  The shdes were stained awd
examined on the following day, for microfilarie.  Ihe entire sincar was cxarnined
before dectaring a shide negative.  When a smear was positive, the species and
wial number of microfilarix in the smear were recorded.  The results have been
agalysed and presented in Tables 1T, 11 and 1V,

TapLy 3.

Filaria survep—Mangaime Muamcipatity (Moreh-April 1954}

.
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NSumber T Ration | persons § E'Ei £ : ) = ‘. 5‘;:_1 :'
i Cexamis g §:5 {Nuwmher Pereent- - Number Percentage g i . &% z
| S J0: + 3: 3 0 a5 LS 8 g1 153 230 0 34
L, 4.062 a2 Gea i | 1% < ¥ T A R - A L 1 A |
HRELE] LT S R 320 &3 e 15 182 ¢ a0
i O 07 £ 15 S T 7 12 £7 0 B 2T 17-4 - 26-Ar
a0 AG4R - M7 B 4 AL - - N N 270 250
i, R 11 w7 6y 24 gd 36 [EAR] <oy . 43
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it , 2089 247 Y4 n b8 . 43 MWiew o 2TT 2508
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ig. . 4mBR 0 314 0 77 RE jo-% 1 52 16-3 247 ; 583.1
P 2,888 0 280 . w7 2 YRk BT N A R I 165 ; 871
13, i B44] oo a0l b3 55 ; 29 -3 16-¢¢ . 388
i, s 2340 0 207 ¢ g-R L EE T 72 4 657 13-4 . 531
7. TOGRIT Y 428 0 G4 5 68 - 69 B I 4 T h 456
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*Such individuals as had more than one type of manifestation have been shown in more

than one place
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3 Filaviasis in Mangalore.

Seven thousand four hundred and two persons covering 64 per cent of
the population were examined during the survey, External manifestations of
filarial disease were encountered among 704 (9°5 per cent) while 1,512 persons
115%0 per cent} showed microfilariz in their blood. The species of microfilaria
encountered during the survey was M. banergfii omiv. The disease rate varied
from 477 to 17 per cent while the infection rate was as low as 67 per cent in Ward
13 and as high ay 2007 per cent in Ward 8 (Map 2}, The filarial endemicity
rites in the dilferent wards varied from 13°4 to 3y°5 per cent (Map 3) ; the gross
Alarial endemicity vate Tor the town was 2472 per cent. {Table 1113,

Grapn 3.
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4. K. Krishnaswami, 9

The incidence of filarial discase and infection in the different age groups of
the two sexes is presented in Table HY and Graphs 1, 2 and 3. The occurrence
of elephantoid condition appears to show a steady increase with age, this being
more marked in females. The microfilaria rate shows a positive correlation with
age in the carlier age groups (2 to 20 vears}, but beyond 20 years this index re-
mains more or less steady without any appreciable rise.

{GrRAPH 2.

Incidence gf filurial disease mul infection ameng femeles.
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The youngest age al winel flavial infecton was detected Dy the nighn blood
was two years, while disease manifesiations were observed tnoa child of five years—-
4 case of swelling of the lelt leg of about six months davation.

The types of {ilavial wandestations recorded durmg the survey consisted of
clephaptold swellings of the extremities, hydrocele, filarial serotum and ine casce
vazh of lvmph serotum and chylueia {Tabkle V)., The discase rate would appear
te be high (1176 per cent) among femides as compared ro that (78 per cent}

among males.  This difference, however, is not statistically significant.
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Copcomitans seeurrence of microitlaraenia was the least among those with
sweilings of extremities while both the cases of lymph scrotwm and chyluria showed
wicrofilurice in their blood al night 1 in the latter case the centrifuged deposit of
ihe ehylous urine passed in the worning also showed microflariz.  Fifty per cent
of the persons with hydrocele iten casesy and [Harial serotom {two cases) showed
cireulating microfilarie in their Blood at night,

The density of mierofilariad tnfestation i the positive peesons was determined
by coumerating the parasites B positive siides. Vhe queantity of Blood taken,
tleough not measured every time, reosined gapprosinately the same il siears
and was about 20 canm. Whatever error there might have been in the sampling,
it remained constant and neghgible as the smears were collecied by the same set
of workess.  Wide variations were noticed by the connts which ranged from 1 to
1,275 per smear. FThe average microfibvrud miesiation rate pee 20 comm., of positive
hlood was 4o in the communily exammed {Table ).

Entemalogical aorey.-— Regular collectons fvom all wards were made during
the peviod Jor adull mosquitoes which were dissected lar derernining - the
vectur {s) of Alarial inlection in Mangalore, The resting phices searched incloded
human dwellings, cattlesheds, few mised dwellings and ouidoor shelters,

The following species of mosquitors were veearded during, the period o

O fntiguns,
(. siltens,

. ! Ficalbia) minima,

 Lophoceratomyia) sp.,

Armeperes abiurbans,
Aldes {Stegomyiny wgypli,
Anapheles barhirosiris,
AAnopheles jamest,
Annpheles subfiicius,
tunpheles vegus and
Mansomia {Mansonioides) sp. <one yale specimen way collected),

The temales were dissected on the sanie day they were collected and develop-
mental stages of microfilarie were looked for tin the abdomen, thoras and headf
pruboscis.  3.040 specimens of diTerent species of apophelines and culicines were
dissected and the results are preseoted m Fable V.

Developmental stages of microfilarie were found only in €1 jatigans.  Of
3,487 specimeny ol this species dissected, 471 were Tound Lo "be infected, giving an
infeclion rate of 13°g per cent ; 229 showed mfections in abdomen, 358 in thorax
and 44 i head.  The infection rates during the three months, showed slight varia-
sion, heing 128, 1371 and 176 during the wmonths of Moreh, April, and May
respectively.
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Filariasis in Mangalore.
TasLE V.

Mosquito dissectiors in Mangalore.

(March-April 1954).

MosguiTo DISSECTION.

S - - - March. | April. May
Species i SV P
Gt i Ramer
 Number positive: T T O Y
:l Abdomen .- a5 | R3 | 548
' Thorax ) 66 1 19 N
} Head .. a5 | 5o 2
‘! Infection m{vgp{r cent) L., . il T 13} 1786
Other alicies | Number dissevted o8 0 ;
‘ ,\Iuml-.&;u;)\mitivc E nil rit nil
I'b,i:wpkzh‘rm' ’--.:l:.ml!t:r dissected : 155 ol ; o
i-mN'l!ﬂ'\ll(‘r pmili\: ‘‘‘‘‘‘‘‘ nil o nil ni

BREEDING PLACES OF VECTOR.

An intensive survey ol the diflerent parts ot the town revealed breeding ol
0, fatigans in the following types of water collections :

@)

Domestic cess pools.—There is no planned drainage and the waste water
from houses either remains stagnating in cess pools which are kutcha
in most cases or is led on to water a coconut palm in the neighbourhood.
Such collections are sources of prolific breeding of C. fatigans.

Stagnant pools i drains.---Pucca drains are few and far between, and
even these are badly maintained in most places. The gradient is poor,
and water either remains stagnating to form a chain of smali collections
or flows very sluggishly., These are perennial breeding places of the
vector mosguite.

Tanks, disused wells and pouds.-—TVhere are a number of tanks in the
municipality, some of them attached te temples and mosques and some
for pisciculture. Fhe Jatter were almost dry during the time they were
visited, and shallow stagnating pools in their bed showed heavy breeding
of both anophelines and culicines. A few neglected wells adjoining
some factories and the ponds in the coconut groves, also showed breeding.
Many of the ponds and some of the tanks had heavy growth of Pista
stratiofes but no breeding of Mansonivides sp. was noticed.
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idy Aparytrom those cnuinerated above, a targe number of potential breeding
phices exist in the municipality ; the numerous depressions in undulating
areas i the northern and north western parts of the town are likely to
hecome lormidable sources of mosquite nuisance after the monsoon.

DISCLSSION,

Filaviasis o5 prevalent throughous the nnmicipaiiny of Mangalore, though the
inteusity varcies i the different locadities,  Tyengar {1933} observed a cemtripetal
distribution of Baneroftian Hlartasis in Trivandrom, with endemicity rates over
25 per cemt in the central areas, while in the peripheral pares of the lown the en-
demicity rate was below four per cemt. No such spatial distribution, however, is
present in Mangalore as revealed by the present survey {Map 3).  High rates in
the peripberal wards as also low rates in the central wards, are equally common.

A high degree ol positive cenvclation between microfilarial intection rates
and the filarial disease rates was reporied by byeagar (foc. cif.i. In the presenc
studics a similar correlation has been observed in most wards {Graph 4},

The discase vare, low in the vounger age groups, shows @ progressive increase
with age, this being comparatively more marked during the first two  decades
Fable 111 and Greaphs 1, 2 and 3).  The incidence of disease appears to he com-
paratively higher among females than among mudes at all age groups. This
variation, bowever, i not statistically signifeant. .

The microltharia rate, Bke the discase riste, shows o shacp vise up to the age
ol 20 vears, but beyvond that age, remains constant between 2¢ and 25 per cent,
while the diseasc rale continues to show an upward trend.  An analysis ol those
individuals with evidence of Gilariasis, i.e., having filarial discase and'or micro-
filapemia shows, thal the disease rate increases while the microfilaria rate declines
with advancing age {Graph 5). Iyengar (foc. it} woade similar observations in
his studies in Trivandrum and cxplained the decrease in the microfilaria rate in
higher age groups as due o the onset of Glarial disease. It is likely, as has been
ubserved by Pandit ef af. {1929}, that cortain clements present in the sera of
persons with clephantoid swellings tend to bring abowt a reduction in the micro-
filarie.  'This ehservation is supported by the fact that among the 704 persons with
external maailestations of Blartasis examined i Mangalore, only 26 persons (477
per cent) showed circulating microfilacie in their blood {Table V1

Fven amouy the symptomiess persons, the Bariad infection and inlestation
cates are lower among the older age groups.  Tvengar {1948} pointed out that in
the abscnce of any immunity onc should normally expect both these indices to be
hiigher in the older residents, who have been exposed to the infection for a larger
number of vears. Very little is known aboul immunity in filarial infections, 1t is
likely that the lowering of infection and infestation rates in the older age groups
is & result of long residence in the arca, and exposure to repeated small doses of
infection counlerring a certain degree of tolerance.
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GRAPH 4.

Pilorinl disease and infiction retes in different wards of Margafore
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The youngest age, as stated above, at which microfilarie were observed in
the night blood was in a child of two years, while discase maaifestations were
evident at the age of five years. During his survey of Trivandrum, Tyvengar (1033}
nhserved the occurrence of microfilaria in a child of about two years while discase
Ill.l.nlrf"'sldtl(}ﬁ‘; were nol in cvidence carlier than eight years,  Acton and Rao

(1ga0) analysed the data on fifarial sndemicity from dillerent parts of India and
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conciuded that the site of lymphatic obstruction varied with the intensity of
transmission under which the community was living. Tn areas where conditions
favoured transmission ol filariasis through a greater part of the year, the degree of
endemicity was high and the age incidence of disease was low, from six {o ten years.
The predominant lesions in such arcas were elephantoid swellings of extremities.

From the latter observations of Acton and Rao {lec. «f.}, the available
evidence that over g5 per cent of the external manifestations in Mangulore consisted
of elephantiasis of the extremitics, would appear Lo point 0 a prolonged transmis-
ston period in this town, probubly during most months of the year. No direct
avidence regarding the transmission period of filariasis in Mangalore is available ;
the present observations having been restricted to only three months.

SUMMARY.

. Observations recorded during March-Aprnil, 1954, on the incidence
o filariasis in Mangalore have been reported,

2, ‘The gross disease rate for the town was g°5 per cent and the mucrofilaria
raie was 15 per cent, The filarial endemicity rate in the town was 242 per cent.

3. An average microfifarial infestation of 40°3 per 20 .. was recorded ;
the highest density of microfilaria enumcrated being 1,2;78.

q- The voungest age at which wicrofilarie were found in the night blood

. 1 - < - = - ~ - * -~ E
was it a child aged two vears, while filarial swelling of the leg was noticed at the
age of five years,

5. The disease manitestations of filariasis observed in Mangalove were
swellings of extremities, filarial serotum, hydrocele, lymph serotum and chyluria.

b, 1. banerofti was the only species of microfilaria: recorded and patural
niections were observed ondy in G fatigans.
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A NOTE ON THE DAYTIME RESTING HABITS OF
A, CULICHFACIES IN CEYLON.

By
V. ARIARATNAM, nusc,
Entomologist, Antimalare Campargns, Cevien.
Clwly oy 19

Pwi dace that the habits of vediers of madacta, even belonging to the same
species, vary a great deal from country to country, makes it necessary rhar they
he thoroughly studied as part ol anv control scheme,  In Cevion, the vector is
Ao enlicifacies. 1t was first incriminated ws a vector in (his country by James and
Gunasekara {1913} and subseguently confirmed by Carter and Jacocks {1g29},
Rajendram and Javewickreme {1951} report that in Ceylow A, ealicifacies is domestic
i habit and rests in dwelling houses after its blood feed ; that it iy generally found
in dark corners of hovses and that il there )5 a fire horning indde, it is generally
caught near the door,

Rajendram ef al. (1950} have found that the larvie breed in shaded situations
in streams in thick jungles up to a distance of six miles from human habitation
and they could catch adults in human baited traps in the jungle far away from
the necarest dwelling.

With a view to obtain precise information on the preferential daytime resting
places of A, eulicifacies, observations were carried out i two vitlages which had not
heen sprayed with residual tnsecticides.

EXPERIMENTAL ARIEA.

Two unsprayed viltages, Ohedakotuwa (Map 7} and I 'degodagama (Map 2),
situated in Hiripitiya in the Kurunegala District, were selected.  The former viflage
lies an the bank of River Dedurn Ova, while !11(‘ latier fies on the bank of Kimbul-
wana Oya, a fributary ol the Deduru Ovya.  Lach village is about a square mile
in arce. The locality receives scanty rain, the average monthly rainfall being
5'30 inches. A severe drought prevails during a great part ol the year, the mean
maximum temperature being 88°F. and the mean minimum 75°F,  The average
47

{ 3
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momdity by day is 68 per cent and that Dy night is g2 per cent.  The metearo-
sogical readings for the arca {or the year 1953 and the average readings for g0
vears from 1911-1940 are given in Table I As a result of the prevalent drought,
pools are left in the river-bed and these afford favourabic breeding places for
A. enfictfacies.
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Vaerr L

Meteorological readings of the experimental area.  Monthly averages for 30 years
1Q¥1-1040 and for the vear 1953,
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Out of a total of 28 houses in the two villages, 14 were mud-walled, ten
mud-walled and surface lime-washed and four cadjan-walled.* The roofs were
rhatched either with cadjai or straw.  Each house had a living room, where the
inmales spend some part of the day and sleep at night, and a kitchen. Some
houses had one or more * other * rooms, which are non-living rooms, usually used
as store rooms.  Qut-houses such as cattlesheds are rarely found as cattle are, as
2 rule, tethered in the open in these villages. The rivers were the main source of
breeding, the farthest house being halt a mile from the rivers.

MATERIAL AND METHODS.

Coliections of mosquitaes were made separately from each house for hall
an hour every week between 7 am. and 12 noon.  Afier the end of the half
hour, further collections were continnzd in the houses till no more mosquitoes
vould be found. These two types of collections were kept separate and recorded
a8 man-hour catches and total collections. These ohservations and collections

*Made from dry coconut leaves,
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were continued rom January to December 1G53, with the help of anr Entomologi-
val Assistamt and a Field Atiendant, all held determinations of species being
checked in the laboratory,  Male and female carehes of A. cvlicifacies were recorded
separately, notes being kept of the type of room each mosquito was found in,
the type of resting place and its height.  Collections, at huights above six feet,
were carried out with the help of @ ladder.  The dimensions of various rooms
in cach house were measured and rhe  areas ol the rooms  determined. The
mosquito density per s 11, per room type was then calculated.. This served as o
vonvenient index for the comparison of the degrees of preference shown by .l
sulicifacies to the different tvpes of room in a house.  The averuge man-hour caich
of A. cdicifacies lemuales per house type per inonth has also been determined o find
out if there is any preferential selection of fouses by them. As there was considerable
fluctuation in the mosquito densty in different seasons, the observations were
extended aver & whole year.

RESULTS.
The results are summarized in Tables T, THL IV and V.
Tanre I

Man-frour catehr of A. culictacies female adwdls in differeni types af houses
tall cadjan roofed or straw thatched).

Month. 1 Lime-washed, mnd- E Mud-walled. . Cadian-waifed,
walled. ) i

’??gmmry thd7 . 408
;anm; __q-__..,;_r).‘;._ el e e st e e ____..;_.7_';_.._“_._
—— S — — e et s et i A.._,.._..__ﬁzi.i,:;'____wm..
. Aprif .. 1:2-41;_ o "_!-;;T;)-mm-m_

!;{;.;r___._ e e "h:_;ﬂ-“s;—:”_"wm_

Iu_n-;_’u o L __"#ml it 42

July o 12 T s0ee
CAugust . 1241 EERETH TR
CSeptember ..t 12000

Oelobey “w P -0d 273

Novem hl'-l':w -..“_-i BRI - i o _-;_; '-—t.‘;“ T
TDecember s 0o BT

Total ... f8- 73 | | 30231

Average 8- 804 15753 l 257192
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‘t'he number of male mosquitoes caught was exiremely low as compared to
that of females and, therefore, the conclusions have been drawn from the statistics
i the latter only and do not apply to the males which arc of no consequence so
e as malaria is concerned.

1, The man-hour catch determined for the vector in the various types of
hwuses {Table [T shows that during all months, cxcept February, the prevalence
of the veetor was the highest in cadjan-walled houses, The next in order are
houses with mud-walls and the last are those with the lime-washed walls.

2. Ax between rooms, the results clearly indicate that the highest number
of mesqquitoes per square foot of arca examined {Table 11T shelter in living rootns.
Fhe neéxt in order is the kitchen, the mosquito density being the least in the * other”’
OIS,

Tapre 11T,

Number of A, culicifacies adulls harboured by different Lypes of rooms in houses,

. ; Living reom. Orher rooms, f Kitchaen,
Monh. .d”.u_ - J _J__
S . r 8 & 8
1953 i i ']
Tanuary et 25 ; i U : 2 : 2
Felwuary _w_: 205 o W T 3
* Marcl: o] 36 | 37 } 22 !
\];I_ 1 KEEH 29 30y 0 5 | G
TMav .. 1 28 5 8 1z | e e A
e .. BT BT S T
Taly .. U E 3 | o l_ TR
m.—\:lgust ‘ 278 I 45 - 23 G | Hy : 0 -
“September S e w T ME 81
m(i*u':ht*r . : 40 T {4 ! 303 [ 4 i ““““ ql[} H B
o Y I
e T
Total ... U T TR S . S ©-0 S 11 T

Fotal areas o gmned.,
Living rocnes - T082 5. 11, Ohier rowmy — LHIE wy, i1,
Kiichens —— 2037 sq, Tt
5 Sumther of fenrale wosquile adulls pey sy, fE,

Eiving rooms - 1738 Other rooms e 105
Kitchens — 10123
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3. The majority of mosquitoes were found resting on the inner walls of the
houses.  Yable IV shows that 65'5 per cent of the mosquitoes collected were found
resting on walls and only 12°4 per cent on furniture and hangings. It is also worth
noting that only one mosquito was caught on the eaves and none on the outer
walls of the houses, Few were also found on the ceiling. Windows and doors also
harhoured a considerable number as they formed part of the wall surfaces.

Tapre V.

Number of A. culicifacies adulls af various resting plaves in houses.

i :

Aonth. 1} Walls. IWingg;v;'smd‘ Furniture. 1 Hangings. [ Roof. : 2‘:}‘5’&‘?&"

e ' gleigle g . 2/sie;a|9|s
1953 ! : ! II {eaves)
Tanuary 2! 51 5 t tioe el o) sy o2l 1y o0
February | 99 | 5 | 85y 20 | 15 | 3} 43 T s 5 0 o
“March .. 1204 | 48 |92 { 18 | 33 { s {ae ] o¢137 ! 51 of o
April .. |26 | ot | 82 |, 4 | 17 i 0] B 1 T s 0 e
May  ..1232 | % | 20 y P ys oo L T 0] 2l ¢! e
Jume  ..1103 | 6 ] 89 T B RERENEREE
July  ..i120 ] 27 | 48 | 8 | 3/ [ 0 1 o i 13 7 5 o
August .. | 214 1 s il s 1} 5] 0in 1 et o
“September | 222 i W | s ] ol | 2] 2, rtis!l 4y 010
October ... | 347 | 54 | 70 2 i | z | 8 ST gz et o
November | 126 | 19 | 44 { 10 6| 0 6 i 1 b4 6] 6| o
December . 83 | 18 | 18 | 4 [ 4 | o | v {1 3} 0| o] 0
Total ... 52237 ;263 817 I WMo | o1 Ezm i 9 148 i 35 } 1 o

4. ‘Table V shows that the majority of A. caffeifacies rested atheights ranging
from two to six feet and considerable numbers below two feet ; comparatively few
being found at heights above six feet.
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TaBLr V.,

Number of A. culicilacics adully al variows heighls i howses.

C Over 8§t

Maonth,

1953
January

B February
B March

" Aprit ...
WMay -

Junt ...

Py ...

-.f\ugust_

Reptember

ey r ‘l i e
fo0 D oe bam2 Loas o n 2
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DSCLSSTON,

Most observers agvee that AL cwlicifacies Is a domestic spooies. As toits relative
prevalence m cattlesheds and houses, there arc conllicking reposts,  Nuesing
ot ol {1g34) found that in Mysore, cattiesheds and houses vielded a higher catch
than: 2 human-baited ten1, but in the region of the Western Ghats they found the
veverse.  Timbres {1935) working in Bengal found that the cateh was ligher in
houses than in cattlesheds.  Sewior White {1937} repurts the reverse from the
feypore hill tracts.

James and Tiston {11371 veport thai A ewdietfacier hides in holes and crevices
m walls and roofs of houses or may take shelter in heaps of straw and cow-dung
cakes near stables and out-houses.  Afridi and Puri (1g40) state that the adulis
prefer cattlesheds to houses as daytime resting places.  Pal {1943} observes that
a room with unplastered walls having innumerable crevices which yielded a large
number of adults of A. culivifacies showed a considerable reduction in mosquite
population when the walls were replastered. He also states that in Indian villages,
human beings and animals Irequently occupy the same dwelings and strict com-
parison between the relative prevalence is not possible,  As in Ceylon cattle are
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ustiably tethered in the open and cattehseds ave seldon used, these observations
were confined only fo human dwellings, It was observed that on days when cattle
were tethered within a few vards of houses, the catch i the houses was higher
than on other days. 1t may be that the mosquitoes feed on the cattle and subse-
quently enter the dwellings for resting. :

An analysis of the ohservations shows that . ewicifacies which normally
tends to hide in dark corners, finds shelter mostly at lower levels on cadjan walls
perhaps becauase cadjan provides more secure and unexposcd recesses to hide in.
Adult catches are higher in mud-walled howses than in houses with lime-washed
walls, probably because the mosquitoes are repelled by the shine of the lime-washed
walls and also berawse the mud-walls, without lime-washed surfaces, are darker
and perhaps have more crevices and better resting places.

The highest prevalence of mosquitoes in the living reom and kitchen, the
two types of rooms most frequented by man, indicates that the mosquitoes are
atiracted by the presence of the inmates in these rooms which they enter in search
of a blood meal, and subsequenily rest there.  Obvieusly, therefore, during
residital spraying operations, more attention should be paid to the living room and
kitchen than to other rooms in dwellings.

Muirhcad-Thomson {1951} and Pal and Sharma {1952} have veporied that
[, cubicifacies vests relatively more frequently on surlaces such as those of clothes,
umbrellas, furniture, firewoud, ete. However, the ohservations carricd out in
Ceylon show that ay compared to the wails, fewer mosquitoes rest on Furniture and
hangings.

The analysis of the observations indicate that comparatively few moquiioes
vest at heights above six feet.  But Jurther work will be necessary to show
whether spraying up to six fect only will be suficient to bring down the density of
mosquitoes helow the critical value for mnalaria (ransmission.

SUMMARY AND CONCLUSIONS,

Number of .. cleifacies found vestimg in variouws types of daytune vesting
places in Ceylon, were recorded for a whole year.
A analysis of the data collected showed that @

(1) A ewdictfacies prefers cadjan-walled houses to mud-walled ouecs and
mud-walled houses to those that are hime-washed.

c} 'Fhe living room and the kitchen of a house harbour comparatively large
number of A, eudicifacies than ** other ” rooms,

.4} 4. endicifacies prefors to rest on the maer walls of hougses thaun on other
struciores,

41 'The majority of 4. eultejfacies rest below six leet,
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STUDY OF CHEMICAL AND PHOTODYNAMIC DETERIORA-
TION OF DICHLORO-DIPHENYL-TRICHLORETHANE
(D.D.T.) WHEN APPLIED ON SOLID SURFACES.

BY
R. S, SRIVASTAVA, m.8., poon,
{Asstt, Drrector, Malariology, U.P.),
A. K. CGHAKRABARTI, M., ppeon,
idntimalavia Officer, Tarat Colonisation Scheme, Rudrapur, District Nainital.) *
ANDY
N. N. SINGH (Malana Organization, P. (U, Rudrapur, District Nainital.)
{February 4, 1864,)
INTRODUCTION.

AccorpING fo West and Campbell {1950}, * Fleck and Haller (1944) found
that hydrogen chloride was eliminated from D.D.T. (and several analogues)
by the use of various catalysts including anhydrous ferric oxide, anhydrous ferric
and aluminium chlorides, iron and other materials such as Fulter’s earth and some
mineral products—although this may have been due to the presence of small
amounts of iron compounds. ”

Alessandrini {1950) has stated rhat dechlorination of D.D.T. occurs in the
presence of small traces of humic acid and other substances, which also act as
catalysts,

The expericnce of some weorkers has shown that D.D.T. preparations sprayed
on freshly lime-washed walls had a much shorter period of effectiveness than
those sprayed on neutral surfaces (West and Campbell, foc. cil.).

Fleck and Baller {loc. ¢it.} siudied the photodynamic deterioration of
pp-isomer by spreading thin films of benzene solution of D.DLT. on pyrex glass
dish and exposing it to ultraviolet and direct sun rays. They concluded that
#p-D.D.T. undergoes profound chemical changes in ultraviolet light.  Under direct
sun rays, decompostion was less marked.

In order to study the above phenomena, in so far as they were applicable to
indian field conditions, a series of experiments were planned and systematically
carried out in a selected area in the Tarai.

* Now Assistant Director, Malaria Tnstitute of India, Delhi.

(27)
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EXPERIMENT L

‘Y Preparation of test panels—7Three cubicles, approximately 2 X2 < 2 feet each,
wore made and placed under a thatched cover. Two ol the cubicles, namely
“A and ‘B, were of mud proportionately mixed with cow-dung; and the third
C03 of cement. In two of the walls of each of these cubicies, small openings were
made and screencd with netting o Tnaintain air circulation. On one of the
external socfaces of each of the cubicles * A’ and ‘O, clean glass plaies,
spproximately 6 x6 cm. each, were fixed in a line, spacing them at 6 cm. interval.
V'he internal surfaces of the cement cubicle and its external surface on which the
2lags plates were fixed, were then treated once with hme-wash.

{h) Spraying of cubicles—The inner surfaces of one of the mud cubicles,
namely * A%, and those of the cement cubicle, namely * C°, were sprayed with
an aqueons suspension of D.D.T. {Geigy malaria spray). The external surface of
cubicles * A’ and ‘ G’ on which glass plates were fixed, aiso received similar treat-
ment, care being taken to sec that the line of glass plates, alternated by bare wall
anface, was covered by a single swath of spray.  The second mud cubicle * B~
was not sprayed and kept as a © control ',

{c) Technigue of bioassay.—-When the internal surfaces were dry, equal numbers
- 10-30) of laboratory-bred, unfed, femalas of C. fatigans, about 12 hours old, were
released into cach of the three cubiclesard their 6-hour and 12-hour mortality rates
recorded.  Fresh specimens were released at regular intervals of 24 hours, one
week, {wo weeks, three weeks and so on, and the usual mortality figures recorded.

{d) Colorimetric assessment.—Alter the sprayed cxternal surfaces were dry,
serapings from about 25 sq. cm. of both the mud and cement cubicles from the
stass plates and the adjacent bare walls were taken and subjected to colorimetric
iest (Alessandrini) to  ascertain the pp-D.DT.  Subsequent scrapings were
simblarly taken and colorimetrically tested at intervals of 24-hours, one week, twao
weeks, three weeks and so on,

(¢} Resuits.~From the bioassay results, as has been shows in Table T helow,
it appears that the lethal effect of DJIDVT. against culicines does not last for more
than a week after the spraying, Colorimetric test of samples of scrapings taken
from the internal surfaces of the mud and cement cubicles at the close of second
week after spraying, revealed a deposit of 22 mg. of pp-DLD.T. per square foot on
the cement wall, whereas the mud surface showed much iess. The dosage applied
was approximately 100 mg. per square foot. '

Tasrr I,
Lethal effect of D.D.T. after spraying.

! MORTALTTY PERCENTAUE.

Number of k- —— e
! female £ Control, i Mud walt. o Cementwall.
Prays. © faligans S y e e
. refeased. | Guh hour. * §2th hour, i Gk bour, " 12th howr. | fith hour. . 12th hour.
fmediate ... 1 30 6T 6670 wdan L 933
#Hhoutss ... 1 3 | s R0 1 S - - A
UIne week oL B - 1 I { (P - R

we woeks ... , 14 ;
i
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Colorimetrie test evineed thai on ihe neutral glass surfaces, there was no
evidence of deterisration of DVDUTL G the end of fifth week alter spraying, whereas
o the mud surleee o Tair amount ol deterioration had occurred even 24 hours
Aler spraying and complete deterioration (yellow colour) was seen at the end
of fourth week,  Cement wall undoubtedly showed progressively less deposit of
pi-0.DUT. and the deterioration was less marked than on the mud-wall.  In every
vase, bmmednue readings were taken.

Y Supporting test.-A few field tesis were perfornted by way of corruboration
hy spraying witery suspension of DU (Gelgy malariu spray) and watery emul-
don ol 10T, in aromex o aimed dosages of 50 sng., 100 me. and 200, mg, per
syaure foot on previousty unsprayed mud-wails and masonary walls, | Colorimetric
estimption of depasits and of ether and saiphuric sther extracts of deposit was
wirdertaken soon alter drying and subsequently abimtervals of 24 hours, one week,
Iwe weeks, three weeks and so on

The following observalions were nude -

Ay Deterioration starts in the mud-walls soon or 24 hoars alter spraying,
progressively Becomes marked wnd complete between third and Tourth weeks,
O the masonry walls, the rate of detertoration 18 much slower  and becomes
weenrkedd alter Tour weeks and it is completed between sixth and seventh weeks,

(id) There i apparently very little diffevence in the eate of detertoration
Between suspension and emulsion.

{ai) Degree of deterioration is almost the same in aimed dosages of 50 mg,,
ton g, amd 200 mg. per square foot as far as emuolsion is concerned,  In the case
of suspension, however, it proportionately varies with the dosage. The higher
the dose, the lower is the pereentage of dechiorinated D.DT, available on the
sprayed surface,

EXPEREMENT H,

Preparation and techmigue, - Four cican wst tubes were selected,  In each of
them oroog gm. of DT, (pp. content approximately go per cent), accurately
weighed in a sensttive Oerding chemicud balance, was taken. The technical D.D T,
was properly powdered in a peste and mortar before weighing. One of these
rubes was set aside as a- ¢ control . Into cach of the remaining three tubes, 05 mg.
ol correctly weighed dry and powdered cow-dung, countrymud, and lHime scraping
were poured, respectively, and thoroughly mixed by shaking. Imo each of the
four tubes, @ jet of steam was then passed for a few seconds adequate to moisten
the contents of the tubes,  The tubes were then foosely plugged with cotton-wool
and set aside for four hours, after which period they were subjected to colorimetric
tests.

Results.—This cxperiment was repeated taking o5 gin. dry powdered cow-
dung, powdered mud scraping from the wall of a village hut and dried mud from
a river bank in separate tubes to each of which the same measured quantity
iowor gim,) of DT, was added.  After subjecting the mixttire to a steam jet
as hefore, the contents were subjected to colorimetrie fesis.
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An analysis of the tests in these two experiments showed that D.D.T. had
appreciably deteriorated in all the tubes except in those in which it had not been
mixed with any thing and had been kept as * controls °.

EXPERIMENT IIl

In the photodynamic series (wo sets of tests were carried out.,  One set
was performed by uniformly spraying four clean plates (1 X1 loot) with watery
suspension of D.D.T. {Geigy malaria spray} and exposing three of these plates
1o sun rays, infra-red rays and ultraviojet rays, respectively, for 30 seconds, one
minute, two minutes, five minutes, 15 minutes, 30 minutes, one hour and two
hours at a time. The fourth plate was not exposed to any rays and
was kept as a “control’.  After cach exposure, samples from the uncxposed
plate were also colorimetrically tested to ascertain natural dechlorination
under unexposed condition possibly due to other physical factors.  Results
showed that the plate exposed to ultraviolet rays only evinced signs of slight
deterioration after two minutes of exposure, and complete deterioration after an
exposure of two hours. Plates exposed to infra-red and sun rays and alse the
* control ’ plate did not evince any colour variation signifying deterioration. For
exposures of infra-red and ultraviolet rays, a Westinghouse portable combined
set of 110/125 volts having a 275 watt bulb for ultraviolet, and a 250 watt bulb for
infra-red rays, was used.

The second set of tests was performed by accurately weighing seven clean
petri dishes of nearly equal size and spreading in each 005 gm. of pp-D.D.T,
ctissolved in ether (extracted from technizal D.D.T. in the laboratory of the second
author), The ether was then allowed o evaporate. A pair of dishes were exposed
respectively to sun rays, infra-red rays and ultraviolet rays, the seventh dish
heing kept unexposed as a “control >,  Of the pair of dishes under cach type of
radiation, one was given a continuous exposure of three hours and then tested
colorimetricaily, while the other was re-weighed at intervals of half an hour, one
hour, two hours and three hours after continuous exposure. The * control > dish
was also weighed along with others at the above intervals and ultimately subjected
to colorimetric test at the end of three hours. It was found that, gravimetrically
the weights of the ‘ control * dish and the dish exposed to sun rays did not differ
at the end of three hours from their initial weights, whercas the dish exposed to
infra-red rays showed a decrease of o't gm, and that exposed to ultraviolet rays a
decrease of 0'gog2 gm. Colorimetrically, except the ‘ control * other dishes showed
signs of slight deterioration.

DISCUSSION.

Analysis of mud-wall and masenrywall scrapings were done by two
different organizations, namely, Laboratory of the Public Analyst to the Govern-
ment, Uttar Pradesh, Lucknow, and rhe Regional Soil Laboratory, Rudrapur,
District Nainital.  The results of iron oxide content are given as follows :—
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Mud-wall, Masonry-wall.
Public Analyst to the Government,
U.P. .. - 7743 per cent Traces
Regional Soil Laboratory ..« 356 per cent 2'84. per cent

These experiments tend to show that 1o the field, DT, very quickly
deteriorates on mud surfaces which apparently is due to the high percentage of
iron oxide catalysts present in the mud. Moreover, whatever preparation of D.D.T,
is sprayed, whether suspension or emulsion, the rate of deterioration remains about
the same, though in the case of suspensions the degree of initial deterioration is
inversely proportional to the dosage.

In the anthors’ experience, on surfaces where the percentage of catalytic
elements is high and where suitable anticatalysts are not provided, the recom-
mended dose of application of D.D.T. suspension should not be massive. Emul-
sions should not be employed for such surfaces. But, as far as possile, the aim
should be to provide a suitable anticatalyst, either by means of some inert material
previously applied to the surface to prevent the D.D.T. deposit from coming into
contact with the catalysts and alse the sorption of ID.D.T. from the surface or by
mixing some fixing agents with the preparation of D.D.T. used, thereby reducing
the dosage of application. Hadaway and Barlow (1y51) are of opinion that
sorbed DD.T. is catalytically decomposed into inocuous cthylene derivative on
surfaces having a high iron content. Kruse and Konchady {1950} recommmend
that a surface coating of starch and cow-dung carbon is a good material to check
physical penetration and absorption of the insecticide.

SUMMARY.

Experiments were conducted in the field as well ay in the laboratory to
study the chemical and photodynamic deterioration of D.DT,  Seil analysix
reports show high percentage of catalytic elements in mud.

The D.D.T. when applied on mud surfaces sturts  deteriorating  almost
immediately, and deteriorates completely in about four weeks.

‘The rate of deterioration of D.D.T. is the same in either emulsion or suspen-
ston, but the degree of deterioration in the case of suspension varies with the dosage
employed. It has been indicated by the laboratory tests that cow-dung, by virtue
of its organic elements, is a disintegrator of D.D.T. Uhltraviolet rays considerably
disintegrate D.D.T.
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INTRODUCTION.

Tue Malaria Advisory Commitiee ol the  Indian Counal  of Medical
Rexearch proposed that the ellectiveness ol certain aew nsccticides  should be
assessed under different conditions in various parts of the country against different
vector mosquitoes, and the Director, Malaria Tnstitute of India, De requested to
ro-ordinate this work in various States. In pursuance ol thesc recommendations,
field (rials on the comparative effectiveness of D.DVTL, B.H.CL and dicldein residual
sprays against anopheline mosquitoes were carried out in collaboration with the
State Malarta Organizations in four Stutes in  India, namely, Punjab, Uttar
Pradesh, Dethi and Bombay.t

*T'his comparative study was financed by the Indiun Couneil of Medical Research, and the insecticides
were s pphed, free of cost, by Geigy Insecticides Lid,, Bombay (D.ILT. 50 per cent waler dispersible powder
and Hexidal 930} ; Imperial Chemical Industries {India) Led., Caleotta {Gammexane P, 520 manufactored
in Indiz and imported} and Shell Petrolevw, London (Dieldrin ) per cont water dispersilde powdes),
txperiments were started in fune 953 and observations continumd 4L March 31, 198,

tResults of t#ials in the State of Bombay are heing published separutely by Viswanathan ef of. (1955},

{33)



%4 Studies on D.D.T., B.H.C. and Dieldrin Residual Sprays.
FORMULATION AND DOSAGES OF INSECTICIDES TESTED.

Al the three insecticides namely, N.D.T,, B.H.C. and dieldrin. were tried
in the form of water dispersible powders. Those of D.D.T. and B.H.C. formed
fairly stable suspensions while that prepared from dieldrin was poor, nccessitating
the addition of lissapal-NX at the rate of 0'1 per cent {by volume of ready-to-
use suspension) to improve its suspensibility to the same degree as that of the other
two, The dosages employed were D.D.T, 50 mg., B.H.C. {from three separate
samples : Gammexane P. 520-4 manufactured in India aud P. 520-8 imported
and hexidol g50) 10 mg. gamma isomer, D.DT. and B.H.C.in combination*
‘25 mg. D.DUT. + 5 mg. gamma isomer) and dieldrin in three dosages 6-25, 1245
and 25 wmg. per sq. [t

AREAS AND PLAN OF EXPERIMENTS.

In all the States, the areas selected were such in which A. culicifacies was
krnown to be the main vector of hwman malaria. No malaria control measures
had bheen previously carried out in these areas except in Delhi State in which,
snly the toxicity of dieldrin to spraymen and the inhabitants of the houses
reated, was studied.

Although the recommendation of the Insecticide Sub-committee was to
select areas with a population of not less than 10,000 for cach test yet, in view of
the limited supply of insecticides, very much smaller areas could only he taken up.
Groups. of villages were selected and each village treated with a different
msecticide and dosage while some were left untreated for purposes of comparison.

The spraying in the Punjab and Uttar Pradesh was carried out by the
irained staff of the Institute and in the Delhi area by thespraying squad of the Delht
Antimalaria Organization. In all cases, the spraying equipment used was double
barre! stirrup pump.  All structures, whether human dwellings or cattlesheds, were
ireated.  The inner surfaces of the walls, and as much of the low roofs as could
he conveniently rcached, were sprayed. Majority of the houses in these villages
have thatched roofs and the walls are made of sun-dried mud bricks and plastered
with a mixture of cow-dung and mud.

Both in the Punjab and Uttar VPradesh only on: round of spray with
various insecticides was given. In Delhi area, only dicldrin and D.D.T, were
used and two rounds of spray were given at six weeks interval in accordance
with the routine spraying practice in this State.

DATA COLLECTED.

Density of mosquitoes per week.—In each of the experimental villages, two
suitable catching stations were sclected one of which was left untreated for purposes
of comparison. Total mosquito collections were made weekly from these catching

*D.ND.T. and B.H.C. combined spray has been {found 10 e comparauvely more efiective than either
1317, or BH.C. appiied separately in equivalent biological doses {Pal, 1951a ; Jaswane Singh ¢f of., 1951,
Sharma and Pal, 1052). These observations have heen confirmed by Dicke and Paul (1961), van Tiel
{1952) and Davidson {1953).
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stations by atomising a weak solution of pyrethrum in the closed room and collecting
the dead mosquitoes off the sheet spread on the floor. These collections were
later recorded separately as total anopheline mosquitoes and 4. culicifactes.

Window trap collection.—Separate catching stations were fitted with
window traps of the type described by Jaswant Singh ¢f al. (1951} and mosquitoes
were collected from them daily. These mosquitoes were kept under observation
in clean cages for 24 hours after which the mortality was recorded.*  Both density
of mosquitoes and window trap collections were also recorded from the comparison
village.

Spleen and parasite rates.—Spleen and parasite rates, in children 2-10 years
old, were determined before commencing spraying operations and  after the
transmission season. Infant parasite rate was also recorded but the number of
mfants of o-12 months old was very small

FIELD TRIALS IN KARNAL ARFA, PUNJAB.Y

Nine villages, scattered over an arca of aboul ten square miles and with
a tolal population of 715, were selected in a water-logged, canal irrigated area
ncar Karnal {Map 1),

A. culicifacies is the established malaria vector in this arca {Hicks and Majid,
1937).  Ditigation channels and seepages from them form ideal breeding
places for A. culicifactes and other mosquitves,  From the extensive data
already available for this area, it is known that the density of A. eculicifacies
gradually huilds up some time after the onsct of the monsoons in mid-July,
It soon hecomes fairly high and remains so till about the end of October.
The survey carried out in May, 1953, revealed that the villages selected were
moderately malarious with spleen rates ranging from 20 (o 30 per cent. The
area is liable to regional epidemics at regular intervals.  The last epidemic
was recorded about 5-6 years previously,  Spraying of these villages was
started on July 14, 1953, and twelve pumps took three days to complete the spraying
of the whole arca comprising about 1,100 houses.

The number of houses and total population, together with the insecticidal
treatinent given in each village, are shown 1n Table 1. The observations recorded
are discussed separately under each of the indices collected.

Mosquito densities.—An analysis of the data presented in Table II shows
that in the comparison village the density of mosquitoes hegan to increase towards
the end of July and reached its maximum in September, after which the decline
started. In the case of the village treated with dieldrin 6:25 mg.fsq. [, the
mosquito density began to increase from second week onwards whereas in the
case of those treated at the rate of 12°5 and 25 mg., the density did not increase

*For lack of facilities to control the temperature and humidity conditions in  the field, the
mortality in mosgquitoes even from the untreated villages was very high.

+These experiments were planned and executed i close collahoration with Dr. Dev Raj Mehta,
Entomolegist-cum-Malariologist, Punfal State, and his stafl members My, K. G. Samnoira and Major
Gobind Ram, without whose help it woufd not have bees possible to conduct these investigations,
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Tanes 1.

Particulars of experomental oillages and _formudations and dosages of tusecticides employed,
Karnal area.
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St LY

1873 Uontrol

ttll about eight and nine weeks, respectively, after spraving.  Where BUDLT,
and B.H.C. combined spray had been applied, the density increased alter eight
weeks, whereas in the case of DULT. alone the increase in density was recorded
after seven weeks, and in the case ol B.H.ClL after six weeks i the villages treated
with gammexane P, 320-A and hexidol ggo, but aficr seven wecks in the case
of gammexane P. 520-B8.  After the effcct of the insecticides had apparently worn
off, the mosquito densitics in the sprayed villages were about the same as in the
unsprayed comparison village.

Pal {19514} has already pointed out that if sprayed and unsprayed eatching
dattons have been cavefully selected, the ratio of the mosquito  population in
these two types of stations should give a4 useful index of the duration of effeciive-
ness of inseeticides.  Under normal conditions, the ratio of densities, i.e., sprayed/
apsprayed, is small and may increase shightly with time, butas snon as the
effectiveness of the insecticide hecomes lower, the ratio shows an abrupt mcrease.

There was an abrupt risc in the mosquite density ratin (sprayed/unsprayed)
in the foarth week in the village sprayed with dicldrin 6-25 mg/fsq. It. and in the
ninth week in the village sprayed with dicldrin 12°5 mg.jsq. {(, and gammexane
P. 520 -B. In the case of DT, gammexane P. 520-4 and hexidol, an
abrupt rise in the mosquito catch ratio was noticed in the cighth week. In the
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village sprayed with diecldrin 25 mg./sq. ft., the abrupt rise in the mosquito catch
ratio was noticed in the seventh week., It may, however, be pointed out that
in this village mosquito densities, both in the sprayed and unsprayed catching
stations, remained low during seventh and eighth weck after which a sudden rise
in maosquite population in both sprayed and unsprayed catching stations was
recorded.  In the village sprayed with D.D.T. and B.H.C. combination, abrupt
rise was recorded in the tenth week. It would appear that dieldrin r2:5 mg.
and 250 mg./sq. ft., Gammexane P. 520-8, and D.D.T. and B.H.C. combined
sprays, were eflective on the whole for aboat eight to nine weeks; D.D.T.,
Gammexane 520-4 and hexidol for about seven weeks ; and dieldrin 625
mg./sq. ft. was incffective as a residual spray. The results have been briefly
sumnmarised below —

DENSITY COMMENCING SPRAYED/UNSPRAYED

TREATMENT, TC BUILD UP RATIO-AN ABRUPT
AFTER WEEKS. RISE TN WEEKS.

Dieldrin 625 mgjsqg. 1t 2 4
Dieldrin ra2-5 mgfsq. {t. B8 9
Dieldrin 250 mg./sq, ft. 0 7
D.D.T. 50 mg.fsq. ft, 2 8
B.H.C. Gammexane P. 520-f 10 mg,

gamia isomer/sq. ft. 8 9
B.H.C. Gammexane P. 520-4 10 mg.

gamma isomerfsq. {t. 7 8
B.H.C. Hexidol 950 10 mg. gamma

isomer/fsq. ft. 7 8
D DT, and B.H.C. combination {25 mg. D.D.T.

plus 5 mg. B.H.CG. gamma isomerfsg. it} 8 4

Window trap collections,—The results of window irup collections are
interesiing {Table 111}, In the villages sprayed with dieldrin 12'5 mg. and 25
mgfsq. ft., window trap collections are practically nil, whereas in the village
spraved with 6-25 mg.[sq. ft., a few mosquitoes were collected from the window
irap even during the first week after spray, and the number steadily increased in
subsequent weeks. There was little difference in the mosquito catch from the
room or from the window trap; in fact collections from window traps were more.
in the absence of survival rate, the only interpretation which maybe made of these
results is that absence of mosquitoes in the window trap in the villages treated
with dieldrin 12°5 mg. and 25 mg./sq. ft. mayv possibly Lc cxplained due to any
of the following factors 1—

1} That the mosquitoes frequenting these catching stations were very
few, {1f) they were not being repelled, and (i) they did not sarvive through
the night to escape to the window traps. In the case of other treatments, the
distribution. of mosguitoes in the room and window traps appears to be at
random. In the comparison village, considerable number of mosqutioes were
collected from the window traps and throughout the investigation the window
trap collections were {ess than the room catch.
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The number of Anopheles culicifacics collected was very small.  This species
was absent for periods varying from :x to seven weeks, except in the villages
treated with dieldrin at the rate of 6-25 mg. and 125 mg./sq. fi. and D.D.T.
30 mg./sq. ft. where the species was encountered in the second, third and second
week, respectively (Table IV).

Spleen and parasite rates.—Spleen and parasite rates tuken in May and
November are given in Table V.

Spleen rates showed a shight drop in atmost all the treated villages while in
the comparison village there was a slight rise. Dieldrin 125 mg.fsq. ft.
and 25 mg./sq. §t. show the largest drop in spleen rate (ollowed closely by
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Tante V.

Spieen and parasite

Karnal Area.

rates of children recorded in May and November, 1933,

. Dosage Splecn rate, i Parasite rate,
Village. Ynsecicide used. me.fsq. fi. : !
i May. : Now. May. | Nov.
Bijua . 1-25 per cent dicldrin suspension 250 200 | 85 -7 (00
i :
Birchpur . ' #6253 per cent dieldrin suspension 12°5 232 68 47 |00
Daha 03125 per cont dieldrin suspension 625 | 234 | 1643 21 {00
Bhusli . 2-5 per cent 1.1 T. suspension &30 " B8 133 48 | 8%
Samalks . 325 per cent D.DUT. and 525 per cent 259050 . 207 : 17-7 81 14-4
: B.ALC. gammaisomt.r combined i
suspensio ;
Budhanpurabad[ &4+ per cent !3 H.G, (P. 520-4) i 109 25-0 194 50 81
i gamma jsomer suspension ;
Barautia 0'0 per cent B.H.C, (F. 520-B) 100 2043 91 47 1-5
. gamnta isomer suspension
Bazida Jatan . 0-5 per ceat B.H.C. (Hexidol) 10-¢ 253 | 116 48 .83
:  gamma isomer suspension :
: : i
Sitaund: . | Control b 23-3 ; 217 31 187
i i ]
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Gammexane P, 520 imported from abroad. The parasite rates showed a drop in
all cases except D.D.T., Gammexane P. 520-4 and Hexidol g50.*

There is no dispensary attached to these villages ; hence morbidity data is
not available,

FIELD TRIALS IN GANGA KHADAR AREA (UTTAR PRADESH).+

The Ganga Khadar tract lies in the north-east corner of Meerut District in
Vehsii Mowana and in the adjacent area of Muzaffarnagar District, Uttar
Pradesh. Itis a lowlying land of Ganga Valley with marked characteristics of its
own. The entire tract, from east to west, is divided in two distinct zones,
namely, Khadar on the east and Bangar on the west separated by a well-marked
raised sandy cliff, locally known as * Kholes’. In Khadar area, before extensive
ploughing operations were undertaken, there were patches of cultivation intersper-
sed with tall grasses, thorny bushes aand date-palm trees, There are large
number of ponds, lakes and nuilahs covered with grasses and weeds, and water
collections n lowlying areas after the riecession of flood forming idea! breeding
places for mosquitoes. The Bangar area lies west of ‘ Klolas’ and is cultivable.
The whole of the tract is subject to annual inundation from the River Ganga
which forms the eastern limit of the tract. The sub-soil water is fairly high.
A. culicifacies is the vector in this area {Graham 1910 : 191! ; Srivastava ef af.,
1953). This area used to be highly malarious but following the acuivities of the
antimalaria unit operating in Ganga Khadar tract, there has been a general
decline in malaria incidence. For ficld trials, nine villages were selected in
an upcultivated part of both Khadar and Bangar arcas of Ganga Khadar tract
iMap 2) within a radius of about ten miles, The number of houses and total
population, together with the treatment given in cach village, arc shown in
Table VI. Spraying of these villages was started on June 22, 1954, and eight
pumps took three days to complete the spraying of 71g houses, Obscrvations
recorded ave discussed below under euch of the various indices separately,

Mosquile densities.—Mosquitocs collected from various catching stations are
summarised in Table VII. An analysis of the data presented showed that, in the
comparison village the density during the week prior to spraying operations was
very high and further increase was noticed in the second week, There was a sudden
drop, however, during the third weck, aad for the following six weeks the density
remained low after which another slight rise was registered. "The heavy rains
and inundations from the river were responsible for this decline in mosquito
prevalence in this area. In the village sprayed with dieldrin 6-25 mg./sq. (i,
mosquito density dropped to low levels one week alter spraving but thereafter

*The statistical anatysis has shown that the dropr in spleen and parasiie rates is noLsignificant,  Appa-
tenify one round of apray in June of any insccticide was not enough (o intercept the transmission of malaria
during August-September,

TThe authors sincerely thank Dr. R. §. Srivastava, the then Assistant Director o Public Health,
Malariology, Uttar Pradesh, and the Medical Officer of Health, Muzaflarnagar, for providing all the
facilities for these trials and for their active co-operation,
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TasrLe VI,

Particulars of experimental villages and of formulations and dosages of insecticides employed.

Ganga Khadar Area.

1

{Number | . . ; |
Name of | of | Popu | Insecticides and formulations used.| Dosage : mg.jsq. | Date of spray.
village. | houses, | lation. ! ! f1. i
Nayagaon ... l 3 5 130 5 1+25 per cent dieldrin suspension ;&5 mg. dieldrin i July 23, 1953
Samashpur [ M7 404 0625 per cent dicidrin suspension | 12+8 mg. dieldrini July 25, 1953
Jamalpur ? 22 0 169 93125 per cent dicldrin suspension : $+25 mg. dieldrin] July 24, 1953
Bangar i ; : i f
i-‘ut}%i booban 0 K147 25 per rent PLILT suspension ¢ 80 g DT, | July 28, 1903
Thrabimpar I ! : : i
Firozpur ... | 52 7227 123 per eept DT 4025 per cent 25 mg, DLILT b Juty 22, 1982
E . PR HL.C. gamma isomner combined { 5 mg. BH.C,
: i i suspension i gammaisomer |
Nilawaia i 62 0 233 P06 per cemt BOHL G (P 520-AY | Womg BH.C. o July 23, 1953
i : . Famma 1Somer suspension i gamma isomer |
Sekeera .| 99 ' 520 | 0% per comt B.H.G. (P. 520-B) | 0mg. B.H.C. | July 24,1053
: i gamma isener suspension ’ gamma isomer ;
Tajpura ... 121 504 i 03 per cent B.H.C. (Hexidol) | W mp. B.H.C, ! July 26, 1053
; i gamma isomer suspension {  gamma isomer |
i 42 181 1 Control | 1

HNidhapur . -
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stcadily increased amd was about the same as in the comparison village,  In the
case of dicldrin 12°5 and 25 mg. fsq. 11, consistent vise i the density was noticed
rem eleventh week onwards. In the villages treated with DIDVT, and ali the
three Jormulations of B.H.G,, the density steadily increased alter 9-10 weeks and
in the case of D.D.T. and B.H.C, combination, an increase in density of mosqui-
toes was naticed from eleventh week onwards.

Abrupt rise in the ratio of mosquitoes caught lrom sprayed and unsprayed
catching stations (s.fus.} was observed in Gie third and fourth weeks in the case
of villages treated with dieldrin 6-25 mg.fsq. [1,, D.D.T., Gammexane P. 520-4.
In the case of villages treated with dieldrin 125 mg. and 25 mg.fsq. ft. and
Hexidol g50, the abrupt rise was noticed in the seventh week. TIn the case of
village treated with Gammexane P. 520--B, the abrupt rise was noticed in the
ninth week, and in the case of village treated with B.D.T. and B.H.C. combination
in the tenth week, These results may be briefly summarised as {ollows -

Phinseey SPRAYED/
TREATMENT, COMMENCGING UNSPRAYED
TO BUILD 1P RATIO—AN ABRUPT
ANFER WEEKS. RISE IN WEEKS.

BDieldrin (25 mysq. 1t - 2 4
BDieldfin 12°5 mg./sq. ft. . ¥ v
Dieldrin 250 mg.jsq. {t. (1 vi
D.D.T, 500 mg./sq. ft. 3 4
B.H.C. Gammexane P. 520-4 10 myg. ganuna
isomer/sq. 1. . 0 3
BH.C Ganinexane P, 520-8 10 myg, zamma
isomerfsq. 1. 0 9
R.H.C. Hexidel g50 10 mg. gamina isomer/sq.
11, 4 7
B8H.C. +D.D.T. {25 mg. D.DT. -5 mg. B.H.C,
L 1o

gamma isomerjsg. t.)

Window frap collections—As in the Karnal area, pracacally no mosquitoes
were captured from window traps in the villages treated with dieldrin 125 and
25 mg./sq. ft., whereas in the case of the viliage treated with 6-25 mg. dieldrin/sq.
(t. mosquitoes were oblained from the window trap every week although collections
trom the room were few (Table VI, Tu the case of DUDT., and  all other
treatments, the number of mosquitoes collected from the window traps were com-
paratively lfow. The results are more or less identical to those obtained in the
Rarnal area.

Anopheles culicifacies—Therc was more or less completc disappearance of
dnupheles culicifacies for periods varying from two to four wecks with different
insecticidal treatments, except in the case of dieldrin 625 mg.jsq. ft. in which case
this species was caught even in the first week after spray (Table IX}.

Spleen and parasite rates—An analysis of the spleen and parasite rates taken
in May. and December, 1933, showed that both these rates registered an increase
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in the comparison village as well as i all the sprayed and unsprayed villages
{Table X). This clearly shows that one round of spray with any of the three
insecticides, namely, D.D.T., B.H.C. and dieldrin, given towards the third
week of June, at the dosage Jevels used in the above experiment, was not enough
to stop transmission of malaria which in this area commences towards the end of
July or beginning of August and reaches its peak sometime in September or
October.,

There is no dispensary attached to these villages; hence morbidity data
wils not available.

Tapre X.
Spleen and parasite rales of cloldren recorded in May and December, 1953,

Ganga Khadar Area.

_ Dosage | Spleen rate. | Varasite rate.

Vitlage, | Insecticide used. S AnR s e et . :

1 P ft. | May. !Dec. i May. ; Dec
e S S Y £ ' | i

Nayagaon } 1-25 per cent dicldrin suspenyion bous-9 g g4 D 308 0 56 0 9}

Sasashpur I 4625 per cent dieldrin sugpension 12D ] Hi-7 ‘ 207 | &5 1 114
! 1 L ' -

Jamaipur ‘ 03125 per cent dieldrin suspension . $-23 ] R Sh AT R . 1 S § B
Bangar ] EI | . ; i

Putii ¢ 85 per cent 1T, suspension MR 192 0 218 E 58 T2
Forakimpur ! : ! ; ' .

Firozpur 135 per cont DDVT, (425 per cent B.H.CL DA 2303 253 . 6T 1 117
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RESULTS OF TOXICITY TESTS OF DIELDRIN IN SHAHDRA AREA,
DELHIL*

Toxicity of D.D.T., B.H.C. and dieldrin to several speeies of laboratory
animals like rabbit, rat, mouse, dog, guinea pig, when administered orally, has
been worked out by various workers {Lehman, 1951). The experiments have

*The authors’ sincere 1hanks are due to Capl. Dalip Singh, Assiz, Officer Incharge, Antimalaria
Cperations, Dethi, for his kind help and collaboration in this work.
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shown that dieldrin is comparatively more toxic than D.D.T. and B.H.C. fo
warm-blooded animals. Mean lethal dase in mgfkg. for the three insecticides
worked out to D.D.T, 250, B.H.C. 150 gamma isomer, and dieldrin 30-35.

Observations on toxicity of dieldrin (o spraymen and inhabitants living
in the sprayed houses, were carried out in a group of vilages in the Shahdara area
:Detht State) with a total population of about 1o,000. Dieldrin was sprayed
twice at the rate of 25 mg./sq. 1. (a biological equivalent dose of 1.1V T. 100 mg./
sq. [t.) instead of the two rounds of D.D.T. apphied at the rate of 100 mg.fsq. it.,
ane in August and another in September.

Spraying was carried out by 18 persons of the spraying squads of Delht
Stawe. Thev handled 380 Ibs, and 290 ‘Ibs. of 50 per cent dieldrin water
dispersible powder during the first and second rounds of spraying, respectively.
Dieldrin 50 per cent water dispersible powder was diluted with water in the
vatio of 1 to 19 parts of water, giving a4 concentration of 1-25 per cent.

The medical examination of each individual consisted ol recording the
weight, physical check-up which included besides voutine examination of the
sirculatory and respiratory systems, exaniination of the nervous system for possible
signg of peripheral neuritis and other nervous lesions,

No apparent abnormality, attributable to toxicity due to handling of insecti-
cide, was detected, There was no significant loss of weight in any of the person
and none of them complained of any symptoms, The persons engaged
m spraying observed the usual precautions of washing the contaminated parts of
the bady after finishing the work of spruying at the end of cach day,

In addition, two groups of about 100 children from each of the two areas
treated with dieldrin and D.D.T. were also medically examined every six weeks.
None of the children from both dicldrin and 1.1DVTL treated villages showed any
apparent sigus of toxicity and none of them complained of any symptom,  Almost
all the children, as would be cxpecied in growing population, showed increase in
weight,

These preliminary studies over a limited period of tinae, did notshow apparent
toxic manifestations amongst those actually handling the insecticide and amongst
school children living in trcated houses, when dieldrin was sprayed with the usual
precautions observed in spraving of other insecticides like D.D.T, und BH.C,

SUMMARY.

r. Tield trials on the comparvative cffectiveness of DDV, and B.H.C.
when applied separately and in combination, and of dicldrin, against anopheline
nosquitoes, are described.  Studies were conducted in the villages of Karnal
District {(Punjab) and Ganga Khadar wrea, Meerut and Muzaflarnagar districts
Uttar Pradesh). Toxicity tests were carried out in the villages of Dclht State,

2. The dosages employed were 50 mg. D.DT jsq. fi., BH.G. gamma
isomer 10 mg.jsq. ft. {three formulations, namely, hexidol of Geigy Insecticides
iad., P. s20 of Imperial Chemical Industries——one manufactured in India and
another imported}, 25 mg. D.D.T. and 5 mg. B.H.C. gamma isomerfsq. ft. in a
sombined spray, and dieldrin (Shell Petroleum) at &-25 mg., 12'5 mg. and
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25 nggLjsge L Al the insecticides were used in the form ol suspension prepared
from water dispessibie powders.

3. Dieldrin 12,5 mg, DD 50 mg,, and BH.CL 10 g
s, 1L have bren found o be equally cffective. The duration of
cHectiveness was observed to fast for about seven to cight weeks,

4. Dieldrin applied at the rate of 25 mg./sq. . did not show an increase
in the duration of residual etfectiveness proportionately,  Dicldrin 6:25 mg.fsq.
ft. was ineffective as a residual spray.  Previous trials with DT, have also shown
that massive dosages of insecticdes, when applied on mud plastered walls, do not
seem to show proportionate increase in the duration of residual effectiveness.

5. D.D.T, and B.H.C. combined spray was comparatively more effective
under some conditions than either of them applied separately.

6. Toxic hazards of dieldrin to spraymen or to the children living in

sprayed houses, were studied in Shahdara near Delhi. No apparent toxic
manifestations were encountered.

e Isoinet;
residual
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FIELD TRIALS ON THE RELATIVE EFFICACY OF DIFFERENT
DOSAGES AND FORMULATIONS OF D.D.T., B.H.C., COM-
BINATION OF D.D.T. AND B.H.C. AND DIELDRIN
IN MALARJA CONTROL IN CERTAIN RURAL
AREAS IN BOMBAY STATE.*

BY
D. K. VISWANATHAN,
8. C. BHATIA
AND
A, V. HALGERL
{Malaria Organssation, Bombay Slale, India.)
{ July 10, 1954, }

I, INTRODUCTION,

TrERE are numcrous references in Hierature 1o the successiul cstablishment of
malaria control in several couniries of the world with the use of residual insccticides,
principaily D.D.T. The dosage of D.D.T. employed by diflerent workers has
varied within very wide limits from as low a figure as 4°6 mg./sq. ft. (Mandekos,
1945) to the common practice, particulaly in the Americas, of employing as high
a dose as 200 mg./sq. ft. The number of applications of D.D.T. naturally varies
with the dosage and the duration of transmission. Massive doses are applied
enly once during the malaria season in several countries, but in a few ol them
where the malaria transmission is prolonged and where the collateral benefits of
D.D.T. application are sought for, three or four rounds of application of 200 mg./
sg. ft. are also resorted to. By and farge, in India, commencing with the first
farge-scale use of D.D.T. in Kanara and Dharwar Districts in Bombay State, the
common practice is ta apply two or threc rounds of application of D.D.T. at

" *The work, here reporied, was carried out by the Bomhay State Malaria Organisation with financial
assistance from the Indian Council of Medical Research.

{51)
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46 mg./sq. ft. Tt may be stated here that this dosage is arrived at from the more
oractical basis of spraying ahout a gallon of a fluid containing five per cent D,D.T.
“Technical) over 4,000 square feet, (Viswanathan and Rao, 1947}, and from
an carlier pilot experiment by Viswanathan and Parikh {1946).

As regards formulations, wettable powders have, as a rule, been preferred
by many workers to emulsions which had carlier completely supplanted solutions,
the first formulation used in malaria control.  In the past experience of the Malaria
Organisation of Bombay State, no locally available preparations of wettable powders
containing 50 per cent DT, {Technical) were found to give better rosults than
D.D.T. emubsions,  Recent supplies imported from abroad of D.D.T, 75 per
rent wettahle powder, which have been in use since June 1953, have however been
tound to give as constant and as uniform results as emulstons, and they are
sbviously much more handy to use.

One of the earliest workers to sound a discordant note about the futility of
3.1. 1. was Muirhead Thomson {1947 who reported that 4. gambie got irritated
by exposure 1o sublethal doses of D.D.T. and left houses in safficient nurabers
and lived long enough to reach the stage of infectivity. He {1940) and a few
ather workers have since reported that such a ° repellent ” tendency was not so
apparent with benzene hexachloride.  Viswanathan ef al. (1950) have shown that
while B.H.C. may be used successfully in malaria control, its residual efficacy is
of much shorter duration than D.I.T.

Pal {1951) has reported the synergistic effect in a mixture of D.D.T. and
B.H.C. Cutkomp {1947}, however, did not find any evidence of such synergistic
effect, except for an increase in the speed of toxic action in the carlier period after
application. One of the authors of the present paper (D.K.V.}, likewise did not
find any evidence of any increasein toxic or residualeffect by the use of a combina-
von of D.D.T. and B.H.C. against mosguitoes, nor even against flies,

More recently, dicldrin has becr: reported to have residual insecticidal
eiicacy to a greater extent than even D.D.T.

At the annual meeting of the Indian Gouncil of Medical Research in 1952
11 was decided that field trials on the comparative effectiveness of different insecti-
vides in different dosages and formulations be carried out in different parts of the
country against different knowa vector species in India in collaboration with the
various State Governments. One set of such experiments was carried out
by the Malaria Organisation of the Government of Bombay in which the
effectiveness of different dosages and formulations of D.D.T., BH.C., and a
combination of these two insecticides and of dieldrin were tried in certain rural
areas In Bombay State. This paper records the results of these trials which were
zarried out between May, 1953 and February, 1954.

II. AREA OF EXPERIMENT.

Songadh and Vyara talukas of Surat District, Bombay State, were selected
tor the cxperiment. They lie between 20° 50’ and 20° 10’ north latitude
and j0° 25" and 73° 50’ east Jongitude. The total area is 6oo square miles
comprising 260 villages with an approximate population of 120,000,
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1Y, BPIDEMIOLOGY.

The area under experiment was highly malarious, the spleen rates i 1950
and 1g5f varying from 27 to 89 per eent {Viswanathan, r953). The childhood
parasite rate varied from 5°g 1o 40°0 percent.  The relative prevalence of plasmodial
species was 70°0, 275 and 2°5 per cent for falciparum, vivax and malarie, respectively.
The tract had never heen treated with any insecticide prior to the experiment.
Although na dissections were carried out in the experimental arca itself; judging
from the results of dissection in a neighbouring part of the district, J. mlmfmes
is the sole vector in this area. The average annual rainfall is 6o nches most of
which occurs from june to Qctober.  The tract is somewhat hilly and traversed
by small rivulets, The malarin season is usually from August to December.
The houses in the villages under experiment have bamboo walls plastered with a
thin Jayer of a mixrure of dung and mud and have thatched roofs. Renovation
of the walls, with a mixture of dung and mud paste, is usuaily done once a year
abaut a month before the start of rainy season, #iz., in the months of May-June.

IV, INSECTICIDAL TREATMENTS ADOPULED,

The whole of the experimental area was divided suto three blocks, each
block consisting of nine circles with 6 to 16 villages in cach.  In each circle, one of
ithe eight treatments mentioned below was carried out so that there were three
replications of cacli type of experiment. In the case of dieldrin, however, on
account of short supplies of the insecticide only two veplications could be carried
out.  The two circles in the third block which were originally intended to be treated
with dieldrin were, therefore, subsequently included i the district-wide malaria
control scheme in which D.D.T. 75 p(*r cent wettable powdoer is applied twice
during the vear in a dosage of 112 mg./sq. fi.

TREATMENTS CARRIED O,

. LDV, wettable powder 36 myg.jsq. ft

2. D.D.T. emudsion 36 mg./sq. 1t

3. D.DJT. wettable powder 112 mg.[sq. ft.

4o DLDVT. emulsion 132 mgfsq. ft

5. B H.C. wettable powder gamma isomer t1 mg.,sq. i,

5. Mixuire of DT, weitable powder 28 mg./sq. t. and B.H.C.
gamma isomer 5°5 mg./sq. ft.

7. Dieldrin wettable powder 14 mg./sq. ft.

8. Dieldrin wettable powder 28 mg./sq. ft.

The ninth circle in each block was kept for purposes of comparison. The
selection of circles for cach type of experiment was made purely at random by
drawing lots. Map I shows the distribution of the experimental area into blocks
and circles and the treaiments carried out in cach circle,
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i MAP | s
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V. DETAILS OF SPRAYING,

All insccticides were sprayed with stirrup pumps provided with flat spray
nozzles with an aperture of 4/64 inch.  The spraying teams were trained to operate
the pump at 2 mote or less uniform pressure of 25 to 30 pounds per square nch.
The speed of spraying was adjusted by prior training for ensuring an application
of a gallon ol fluid over 1,000, 2,000 and 4,000 square fect, respectively, in order
1 secure the desired dosage.

VI. RIGORDING OF DATA.

One village in each circle in cach block was selected for purposes of making
antomnological and malariometric observations.  The data collected include spleen
rates, parasite rates, infant parasite rates,and weekly catches of mosquitoes in day-
time indoor resting places. In addition, mosquito collections were made every
fortnight during the night. As there was a remarkable uniformity in the man-
hour density of A. culicifacies collected irom indoor resting places during the day
and similar man-hour density in collec:ions made at night, data regarding night
collections are not presented in this paper.  Viswanathar et al. {1950} have shown
in another part of the Deccan Plateau that night collections of A. culictfacies, hoth
i arcas treated with D.D.T. and in th2 areas not so treated, are generally twice
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the day-time coliections in density per man-hour. In the present experimental
area, night densities were almost the same as day-tinie densities. Men and cattle
are housed in the samne structures to a very much larger extent in the present
experimental area, and as cattle are generally tethered inside the mixed dwellings
during the night and as their presence puts a limitation on collection for fear of
being gored by them, it is possible that the recorded night densities are an under-
estimate of the factual prevalence of mosquitoes.

VII. SECOND APPLICATION OF INSECTICIDES.

It was originally intended that the second application of any insecticide™used
in the experiment should be made if and when the day-thme mosquito densities in
indoor resting places in the observation villages exceed an artificially assumed
critical density of 5 per man-hour, and either remain at the same level consecu-
tively for two or three weeks or show a progressive rise. I there are fluctuations,
at or even slightly above this level whereas in the comparison villages there is a
progressive rise in mosquito densities, 1t was assumed that a second application
was not necessary as, presumnably, in such cases malaria control could stll be
achieved through the phenomenon of interception. [t sometimes happened that
the observation village sclected in any particular circle showed a smaller density
than the observation villages in similar circles in the other two blocks subjected to
the same kind of treatment. In such cases, special efforts were made to determine
culicifasies densities in a few nearby villages, and if the figures in these villages
approximated to the densities in other circles, all the villages in each of the three
circles in the three blocks were sprayed again with insecticide in the same dosage
and formulation. 1n practice, however, on account of the limitation of labour, it
has not been possible to carry out the second application as soon as the neccssity
was determined on the above basis.

VITI. RESULTS,

1a) Spleen and parasile raies.—Chart 1 shows the spleen rates and parasite
rates in different groups of villages each of which was subjected to a particular kind
of treatment. Similar data are also furnished for the comparison villages. The
survey carried out in 1950-51 related to the entire district, and hence specific data
regarding spleen rates and parasite rates were not comptled during that survey
m ail the villages in the present experimental area selected for observation. To
the extent to which such data are available, they have been included in Chart 1,
The spleen rates in 1950 were carricd ouf at the end of the malaria season,
and are therefore comparable 1o similar data in November 1953,  Inthe comparison
villages, the spleen rates have remained at the level of about 60 per cent and
the parasite rates at the level of ahout 25 per cent without any significant change
between May and November, The spleen rates show a significant reduction in
the circles in which D.D.T. at a dose of 112 mg.jsq. ft. was applied, either as an
emulsion or as wettable powder and to a lesser but still significant extent in the
case of D.D.T. emulsion at 56 mg.sq. ft. The reduction in the case of D.D.T.
wettable powder 56 mg./sq. ft. is not statistically significant. In the case of
parasite rates, the reduction is significant only in dosages of 112 mg./sq. {t. but
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not i the smaller dosage. In the casc of B.HLO. gamma isomer 11 mg.jsq. t,, the
reduction in the spleen rate is not significant. Reduction in the parasite rate is
on the border line of statistical signficance. With the combined wse of D.D.T.
and B.H.C., the reduction in the spleen rate is significant but not so in the case
of parasite rate. The dieldrin circles show a significant reduction in spleen and
parasitc rates,

CHART |
INSECTICIDAL TRIAL, SURAT DIST, BOMBAY STATE.
SPLEEN & PARASITE RATES-PERCENT
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(b} Infant parastic rates.--Chart 2 shows the infani parasite vates in May
and November 1953, respectively, In the comparison villages, the infant parasite
rate is 1477 per cent in November as compared to 3'2 per cent in May.,  The
difference is perhaps the truest measure of the quantum of fresh transmission
during the season,  With 56 mg./sq. ft. of D.D.T.| cither as wettable powder ar
as an emulsion, the November infant parasite rates de not show a statistically
significant reduction from similar figures for the comparison villages. The circles
in which I.D.T. emulsion was applied in a dosage of 112 mp.fsq. ft., show a nil
infant parasite rate.  In the case of wettable powder with similar dosage, however,
ihough the infant parasite rate in November was smaller than in the comparison
villages the difference is not statistically signtficant.  Tu the circles treated with
a combination of 1.D.T. and B.H.C., the mfant parasitc rate in November was
as high as 1677 per cent which is even slightly Jarger, though not significantly, than
n the comparison villages. In the circles treated with B.H.C. gamma isomer
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ri mg.fsq. 1t the November infaut parasite vate was smailer but the difference
is not statistically significant. The circles ircated with dieldrin 14 mg./sq. ft. show
a mil infant prasite rate, and in the circles treated with dicldrin 28 mgfsq. ft,, one
infant out of 16 examined showed parasites,

CHART 2
INSECTICIDAL TRIAL, SURAT. DIST, BOMBAY STATE.
INFANT PARASITE RATES-PERCENT.
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) Mosguits densities. ~Chart 3 shows the densitics of 4. culicifnies per
man-hour in the comparison villages in cach of the three blocks as well as the
nooled average. Blocks I and T show a remarkable consisiency n the seasonal
numerical prevalence of this specics.  From ahout the middle of July there is a
progressive and rapid risc and the peak density of nearly y0 per man-hour is
reached in the third and fourth wecks of August. ‘This peak is maintained till
practically the end of the first week of October, that is, for a5 long as seven weeks,
‘The mosquito densities undergo a decline nearly as steeply as they rose carlier in
the year, and by the middle of November they are below five per man-hour. In
the third block, the peak densities reached are fess than o per man-hour and they
generally tend to decline in numerical prevalence at a much carlicr date than in
the other two blocks,
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CHART J

INSECTICIDAL TRIAL, SURAT DIST., BOMBAY STATE.
WEEKLY DENSITY (PER MAN HOUR) OF A.CULICFACES,

CJUNE 1953-JAN. 1954)
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Chart 4 shows A. eulicifacies densities in circles treated with D.D.T, wettable
powder 56 mg.[sq. ft. By the tenth week after the first application, the densities
rise above five per man-hour. In Blocks I and 111, the second application was
made soon after this rise. In Block II, however, it took nearly three weeks after
the rise before applying the second round. In all the three blocks, culicifacies
densities remained extremely low after the second round of application. In the
first and third blocks, the second rourd of application was made at the end of
the first week of September. During this period, in the comparison villages the
densities have remained much higher than five per man-hour, but there is a very
perceptible downward trend.
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CHART 4

INSECTICIDAL TRIAL, SURAT DIST, BOMBAY STATE.
WEEKLY DENSITY (PER MAN HOUR) OF A.CULICIFACIES.
CJUNE 1953 -JAN. 1954 )

VILLAGES SPRAYED WITH
DDT (wermasLe powER) 56 myg/sq .
A R SR

257
BLOCK I SPRAYED ON iz £5-53 &} “
983. [ o
20 f&' BLOCK " tl-6-53 g} . A
LAY 109.83. § ¥
. BLOCKTE » 27-53 81 .~
IS \ 083, § ¥V ¥

AVERAGE -— - -

DENSITY.

= 2 &-ﬁmwm.ﬁrc.‘“ﬂ,ﬁqﬂ' thtyy
L L 4 d - LINNS Ja 20N S T Jh RN dEE 2

ARG IR e oS o
WEEKS AFTER SPRAYING.

L

Chart 5 shows the densities in circles treated with D.D.T. emulsion 56 mg.{
sq. ft. Beginning with the ninth week, the average densities show a progressive
rise. In the second block they show a rise as early as the fifth week, in the first
block on the ninth week and 1 the third block only on the eleventh and twelfth
weeks. The second round of application was carried out in the first two blocks
only four weeks after the mosquito densities rose above five per man-hour. In
these circles too, the mosquito densities remained extremely low after the second

application.
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CHART 5

INSECTICIDAL TRIAL, SURAT DIST, BOMBAY STATE.
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Chart 6 shows the culicifacies densities in circles treated with 1D, T. wegtable
powder 112 mg.jsq. ft. There is a steady rise in the average mosquito densities
froni the eighth week onwards, and after the second round of application mmquito
densities have remained extremely low.
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CHART ¢

INSECTICIDAL TRIAL, SURAT DIST, BOMBAY STATE.
WEEKLY DENSITY (PER MAN HOUR) OF A.CULICIFACIES,
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WEEKS AFTER SPRAYING.

Chart 5 shows the culicijaces densities in the villages sprayed with D.D.T,
emulsion 112 mg.fsq. ft. The villages in Block 1 show a pise as early as six weeks
after the first round of application. In the other two biocks, the rise in density
'« much later. But in Block I, although there was a rise in density in the ninth
and tenth weeks, it was followed by a decline and hence a second round of applica~
cation was not made.  In the other two blocks, however, where a second applica~
tion way carried out, mosquite densities remained extermely Jow later.



b The Relative Efficacy of D.D.T., B.H.C., and Dieldrin.

CHART 7
INSECTICIDAL TRIAL, SURAT DIST, BOMBAY STATE.

WEEKLY DENSITY (PER MAN HOUR) OF ACULICIFACIES.
(JUNE 1953.JAN 1954)
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WEEKS AFTER SPRAYING.

v

Chart 8, relating to treatment with DLD.T, and B.H.C. combined, shows that
in Block ITT the mosquito densities started rising as early as fourth week, and the
second round of application was made at the end of seven weeks. In Block [, the
mosquito densities started rising in the ninth week and the second application
was made at the end of the eleventh week, In Block II, the densities started
rising in the seventh week and the sccund application was made at the end of
the tenth week. After the sccond round of application, however, the mosquito
densities in all the three blocks remained extremely low. In this type of experi-
mnent, the second application was carried out at a time when in the comparison
villages the mosquite densities remainced practically at their peak fevel, and yer



D. X, Viswanathan. S. C. Bhatia and A. V. Halgen, 63

alter the second application the densities have remained extremely low in all the
three blocks.

CHART 8
INSECTICIDAL TRIAL, SURAT DIST., BOMBAY STATE,

WEEKLY DENSITY (PER MAN HOUR) OF A.CULICIFACIES.
CJUNE 1953-JAN 1954)

1031 re VILLLAGES TREATED WITH
D DT cwerranLe rowpery28 q.ft.
+BHC ¥ ISOMER 5;5 w "

BLOCK I SPRAYED ON 14.5.53 &}‘. »
BLOCK T 7953 § %'
. ” 1665341 A
. 25.3.53"} v
BLOCKT P i2-7.53818 A
19831 VY

AVERAGE - - - -

DENSITY

WEEKS AFTER SPRAYING.

Chart g shows the mosquito densities in villages sprayed with B.H.C. gamma
isomer 1t mg./sq. ft. In this group, in the first two blocks the density started rising
abruptly during the sixth week. But in Block JII in the observation village, it
remained low even as late as ten weeks, but as mosquito densities in certain other
villages showed higher figures, the sccond round of application was made in all
the three blocks. In the first two blocks, the second application was carried out
at a very much carlier date. In the third block, however, it was carried out only



6 The Relative Efficacy of D.D.T., B.H.C. and Dieldrin.

sn October 8, 1953,  After the second application, mosquito densities have
remained extremely low in all the three Blocks.

CHART 9

INSECTICIDAL TRIAL, SURAT DIST, BOMBAY STATE.

WEEKLY DENSITY (PER MAN HOUR) OF ACULICIFACIES.
CJUNE 1953 .JAN.1954)
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WEEKS AFTER SPRAYING.

Chart 10shows the mosquito densities in villages treated with dieldrin 14 tng.f
5. {t. - ‘Although the mosquito densities tended to show a siight rise above five
per man-hour in the eighth week, it showed u decline later and kept well below
five per man-hour, There was therefore no occasion for applving the insecticide
a second (ime,
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CHART /O

INSECTICIDAL TRIAL, SURAT DIST, BOMBAY STATE.
WEEKLY DENSITY (PER MAN HOUR)OF A.CULICIFACIES.

(JUNE 1953-JAN.1954)
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DIELDRIN 14 mg./5q.1t.
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WEEKS AFTER SPRAYING.

< Chart 11 shows mosquite densities in villages treated with dieldrin 28 mg./
. fi. The results are practically the same as shown in the circles treated with a

smaller dosage of dieldrin.
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CHART //

INSECTICIDAL TRIAL, SURAT DIST, BOMBAY STATE,
WEEKLY DENSITY (PER MAN HOUR) OF A.CULICIFACES.
(JUNE 1953- JAN, 19545

VILLAGES TREATED WITH
DIELDRIN 28 mg./sq.ft.
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IX. DISCUSSION.

in human affairs it is often the end that justifies the means and the utility
of any method employed is judged by the results achieved even if the manner
of their attainment Is not always manifest. Methods of malaria control are,
therefore, to be judged by the resultant indices in malaricmetry,

The extent of malaria morbidity cannot be assessed in each village or group
of villages due to paucity of medical personnel. Special canvass of malaria
morbidity, by house to house visit made by the malaria staif, is likelv to be biassed.

Spleen rates in the age group 2-30 provide a good measure but they are not
often sensitive enough to demonstrate relative efficacy of different methods
wl the end of only one season of mial.

Parasitc rates in the same age group generally run paraliel to spleen rates
hut during the first season of successful malaria control they do not show in full
the reduction achieved in transmission oa account of relapses.

Taking childhood splecn and parasite rates together, significant reduction
has been achieved with D.D.T. 112 mg.fsq. ft. in either formulation and with
dieldrin in either of the two dosages adopted. D.D.T. wetiable powder had been



D K. Viswanathan, S. (. Bhatie and A. V. Halgert. 67

apphed twice during the season in all the three blocks and 1.D.T. emulsion in two
out of three blocks. Dicldrin was applied only once. A more or Jess equal degree
of successful malarial contro] was cstablished with 14 mg.jsq. ft. dieldrin applied
only once early during the season as with D.D.T. applied in two doses of 112 mg./
sq. ft. during the season at an interval of 10 10 12 weeks,

Infant parasite rates at the end of the malaria season are perhaps the truest
measure of the extent of malaria transmission. They are however attended
with a serious disability, In moderately endemic arcas, infant parasite rates are
wsnally low and unless a very large number of infants is cxamined, differences
which may be noted cannot be proved to be of statistical significance. Thus
waking the dieldrin experiment, none out of 30 infants showed parasite in November
in the area treated with r4 mg./sq. ft., while in the area treated with the larger
dose of 28 mg/.sq. ft., one wfant out of 16 showed parasite. Actually the infant
had been elsewhere during the season for some time. But that cannot definitely
negative autochthonous infection, and anyway itis the purpose of statistical method
1o reckon for such variations which may be termed experimental errors. The
following table shows the departure from expectation of infant parasite rates on the
assumption that diflferent treatments excrcise no effect on them.

Num- Tten. Number Numlser Nusmber )2
ber : ;t-xaminchi‘ infected. | expected. | T
) . i Comparison villages ... --———-r kL] f .6 : 265 Ii 43
2. ?D.D.’!" wettable powder 56 mg.sq. ft. I 1 3-04 0-0
3. D.DUT. omulsion 56 mg.fsq. ft, i 38 + 0-6
4. DD.T. weuable powder (12 mgjsq. T . 43 . 4 | 835 KR!
o, ; D.IVTY, emulsion |12 mg, fsq. fi. §9 : i : 5-38 54
#. | D.DUT. (28 mg.) plus B.H.C, : !
;- gamma isomer (3G, mg.} e kil & ‘ 2-80 37
7. | BH.C.gamma isomer (11 mg.jsq. It 3 3 ozar | e
&, i Dieldrin 14 mg.jsq, ft. ... ... % . © : 2:34 23
9.  Dieldrin 28 mg.jsq. &t. ... Y A T 0
; o

: | - . 169

¥

For n +=8 the value of 16°g for %* is just significant at the level of P==005.
This shows that the items in the above table de not represent homogencous treat-
ment, The principal contributions to nonhomogeneity are made by the compari-
son villages, D.D.T. emulsion 112 mg.jsq. ft., D.D.T. plus B.H.C,, and dieldrin
14 mg./sq. ft. Of these, the comparison villages naturally show a considerable
excess of infection, and D.D.T. emulsion 112 mg.jsq. ft. and dieldrin 14 mg./sq. ft.
a gross deficiency in infections. D.D.T. plus B.H.C. also shows an excess of
infections. This is a very stringent evaluation and on this basis D.D.T. emulsion
112 mg.fsq. ft. applied once in some cases or twice in other cases during the season,
helps root out fresh infections almost completely. So does dieldrin 14 mg./sq. ft.
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do. By infercnce, dieldrin 28 mg./sq. ft. would also naturally bring abeut this
resuli, the solitary infant infection in the experiment possibly being due to its
acquisition elsewhere.

Mosquito densities have been made the basis for the second application of
any insecticide as they constitute most readily ascertainable index in the ficld.
'he tolinwing table shows the build up of ulicifacies densities to above five per
man-hour, an artificially assumed critical density which, however, requires further
examination for this area in the different experimental areas,

Nutu- | I ! I
. ftem. . Block I, ! BlockIL : Block TIl.| Average.
her. : : !

}. D.D;T. wettabir powder 56 mg.fsq. it} About I ten weeks I 10 wecks.
E DLDLT, wettble powder 112 mg. fsq. i‘rI About eight wecks ; B weehs
~ {Note : The above ohservation shows the nonsuperiorily of 115 mg. ILDVT. wettable

powder over 46 mg.Jsq. Bt but other indices show superiority of the bigher dose},
{ | i
4. TRIDUT, emulsion 54 mg. fsq. ft. < Mh o week. " Bth week il 1th week % week
i ! !
. DLDVF. emulsion 112 mgfsq. Fl. ... . §th to 10th week i Bth week Sthto Hith; 9 weeks
but Iater declined. ioweek,
Henee no second | i
application. : ! !
Do DU 2R sl s B pius BLHLC : | i '
; gamma izotner 35 mg.Jsq. L e il week P Tth week | 44 woek | 7 weeks
L . i
5. BA.G gamma somer Hlmg.isq. [t ftdoweek i 8th weck | ik week ]: T weeks
i , i !
Fo | Dieldrin 14 mg.fsq. i «o. t Omne application was louped adequaie Lo keep mosquite
density Jow throughout the scason.
4. & Dicldrin 28 mg.fsq. It :

The above experiments show that in this experimental area a single applica-
tion of dieldrin in a dosage of 14 mg./sq. fi. at the beginning of the season would
rstablish as much malaria control as the application of D.D.T. 112 mg.jsq. {t.
apce o1 even twice during the secason,  There have been no untoward symptoms
noticed in men and domestic hirds and ansimals on account of any of the insecticides
nsed. B.H.C, when applied in a desage of 11 mg.fsq. ft. {gamma ssomer) has a
residual efficacy of not longer than six weeks (Note: One of the authors of the
present paper (D.K.V.Y) veported carfier {1949) that its -esidual efficacy is only
four weeks).  Combination of DLDVT, and B.H.C. has not shown i these

rxperiments (o be of any advantage aver either insecticide used singly.

X, SUMMARY AND CONCLUSIONS.

A field traal to test the relative elficacy of different dosages and formulatons
of D.DUT., B.H.C. and dicldrin was carried out in 260 vilages in an area of
abont 6oo square miles in Songadh and Vyara talukas of Surat District, Bombay
State, India.
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Fight different treatinests were adupied in cight groups of villages and this
was replicated into two more biocks of similae groups of villages. A ninth group
was kept {or comparison in cach block. D.D.T. was applied as an cmulsion and
as water dispersible powder in dosage of 56 and 1v2 mg.fsq. ft. in either case.
B.H.C, was applicd as a witer dtspcralblv powder in a dosage of 11 mg./sq. 1.
of gamma isomer. D.D.T. (28 mg.jsq. f1.) was combined with B. H.C. (5 mg. of
gamma wsomer sq. ft.) in one experiment,  Dieldrin was sprayed as a water
dispersible powder in dosages of 14 and 28 mg./sq. It respectively.

Observations were recorded regarding childhood spleen and parasite rates
and infant parasite rates before and at the end of transmission and weekly
densities of A. culictfacies throughout the season.

A second application of insecticide was made only when the density of the
vecior, A, eulicifacies, exceeded five per man-hour and remained at that level for
two to three weeks,

The conclusions arrived at broadly are -

{1) A single application of dieldrin in a dosage of 14 mg.jsq. fi. applied at
the: heginning of the season would establish as high degrec of successiul malaria
vontrol as an application of D.DJT. 112 mg.fsq. ft. once or twice during the seasou.

(2) B.H.C. when applied in a dosage of 11 mg.fsq. [t. {(gamma isomer) has a
residual efficacy of not longer than six weeks.

{3) Combination of DLDT. (28 mg./sq. i1} and B.H.C. (55, mg, ganuma,
womer/sq. {t.) has not shown any advantage aver DILT. (56 mg.jsq. ) or B.H.C,
‘11 mg. gamma isomerfsq. ft.) used singly.

(4) There have been ne untoward symptoms soticed in man, domestic
birds and animals on account of any of the insecticides used.
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INTRODUCTION.

‘I'nk presend paper reports the results of feeding trials with G, bitentorhynchus
on gametocytes of P. relictum* in sparrows, P. galhinaceum in domestic fowls and
P. falciparum in human voluntecrs.  In all the wrials, C. bitenioriynchus females were
fed shmultaneously with at least one known vector of Plasmodium species concerned.
This procedure was adopted to rule out the possibility, if any, of the gametocytes
being present in inadequate numbers or being otherwise unsuitable. The control
vectors were C. fatigans for P. relictum, Aedes egypit for P, gallinaceym and
A. fluviatilis and A. stephensi (type) for P. felsiparum. All the specics of mosquitoes
were insectary-bred. The colony of C. bitentorhynchus (type-form) was about four
years old (Mohan, 1950), C. fatigany and Aedes wgypti each about five years,
A. fluviatilis about threc years (Mohan, 1952) and 4. siephensi (type) about fiftcen
ycars old {Russell and Mohan, 19395).

~ Mosquitoes were kept reasonably hungry prior to feeding on gametocyte
carrices for increasing their biting potential, G biteniorhynchus and C. fatigans

vAlmost all Coonoer spatrows were found fo be infected with a species oIPlasmod:umthch was
provisionally identificd as Plasmodism praces hy Mulligan & o, (1040Y) 3 7. Mal, fnst. Ind., 3, pp. 513-524
{footnote page 534). P. precox (Grassi and Feletti, 1890) is thesynonym of P. relictum (Grassi and Feletti,

1891},
(71}
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needed relatively longer period of starvation than 4. fluviatilis and A. siephensi {type)
and in dedes agypli it was least.

The method of feeding the mosquitoss on a sparrow was to confine the infected
bird in a small wire-cage which was then kept overnight inside a bobbinet cage
containing C. biteniorhynchus and C. fatigans females. The following morning,
fully engorged females were removed into separate cages for disscctions later on.

The method of feeding the mosquitoes on an infected fowl adopted n the
present experiments was slightly different. The feathers of the donar fowl were
clipped on the back and legs bandaged ; it was then exposed to the bites of
C. bitaniorhynchus and Aedes egypti in a standing position, the head remaiming out-
side the cage through the sleeve which was wound round its neck and tucked
in to the wire-frame, The movements of the fowl were thus greatly restricted.
To prevent the fowl from damaging or otherwise soiling the cage, a thick sheet
of paper was placed on the bottom for the fowl to stand on. Feeding was done
usually towards evening and fully fed females were removed immediately into
separate cages,

For feeding on human carriers, mosquitoes were caged in screened wooden
or bamboo rings and applied simultancously to the donors.

In all the trials, only onc infective blood meal was given and only fully
engorged females were selected. The mosquitoes were handled exactly alike
under identical conditions.

TRIALS WITH P. RELICTUM.

Table 1 shows the results of infection with P. relictum i C. biteniorhynchus
versus C. fatigans.

Tasre I,

Susceptibility of C. biteniorhynchus fo P. relictum (=P. praecox) in
sparrows {with C. fatigans as conirol).

] ,
!i C. BITENIORHYNCHUS C. FATIGANS
Lot Nuymber, ! Number, ]
ngm- 1 ‘Per cent 3 | Per cent Remarks.
her, | Gut [Glands| Total | 1otad . 1 Gut iGlands| Total | total |
Dizsec- . . : L | Dhissece: . i § At
[ ed, | posi- | posi« | posi- [ positive.[= 1 posi- | posi- | posi- | positive.
' * 1 wive. | tive, | tive, | i tive, | tive, | tive. !
DU I ; .
l e
! i | i Heavy infoctions
! 21 i 2f 14 2k il 7 J 7 2 7 HHy § in almost all
P ! l : Specimens.
B (R S SO R I !

Both the species were infected to the extent of 100 per cent, This high
infection index compensates for the relatively small number of dissections. The
findings are in agreement with those of Russell and Mohan {1942) who found
complete exogenous development of this species of avian malaria in €. bileniorhynchus,
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TRIALS WITH P. GALLINACEUM.
The results of comparative feedings of C. bitenforhynchus and  Aedes agypti
on infected fowls are summarised in Table T1.
Tanre IL
Resistance of G, biteniorhynchus fo P, gallinacenm tn domestic fowls
(with Aedes mgypti as control.)

|
- €, BETHNIORRYNCRUS, AEDES FGYPTT, I
‘g 1
2o e e —— ——)
% : Number, MNumber. i
= _.{ i e —-—1—— Per cent =~ : Per cent] femarks.
3 issec] Gut [Glands Total | total i Gur Glands| Total | tusal
~ L ed | post | posi- | posi- jposilive, ted Pesi post | poai | posiive.
e l. tive. { tive | live, To] tivel 1 aive, i tive.
e ._._!.-._-._._ afr e B P e [ —— i____....a_-... ——
: ! ' ! Not ! i Tu all the thaee o,
bl | 0 o0 0 I 12 exa- 11 I o3 dissections ol €. bite-
: ! i mined. . nievhynchus were come
e e AU S JR S ..____.__{......._.___._. e —| meneed  after  the
2 ime Lol o 0 0 @ 1, 23 ;23 | 10U | development of
e : Lo m f [ SR 1 S . r [ S —— gpu-rwﬂites m  the
3 A ‘ G B i 0 o1 ve 2 o2 57 salivary glands of
| | i Aedes goypti.
Fotal | 418 | © 1 o | o o 65 1 ,. | o4 I 54 84
. ]

No infection, cither of gut or of salivary glands, was encountered in any of
418 C. bitaniorhynchus, although Aedes egypti which fed simultaneously on the same
fowls on three occasions showed infection in 57, 90 and too per cent of the
specimens. It would appear that C. bilemorhynchus is highly resistant to P,
pallinacewm.

TRIALS WITH P, FALCIPARUM.

The results of dissections of €. bileniorhynchus and of the control mosquitoes,
Ao stephensi {type) and 4. fluviatilis, fed on crescent-carriers, are recorded in
"T'able TIL

3

Tarcr 1L
Reststance of O, biteniorhynchus fo P. falciparum.
(With A. stephensi {fype} and A. fluviatilis as controls).

, C. BITANIORHYNCHUS i A. NTEPHENSI {TYPE) : A, PLUVIATILIS
5 o Numbor r Per Numhber Per Number Per
w A e ; \cent o cent cent
25 |pissee-] Gut Glands] Total toraliDissce-] Gut IGlands| Total tmal:Diw:c»-I Gut 1Glands| Total jrotal
% | ted | posi- | posi-| posi- iposi- ted | posi- | posi- | posi- [posi-p ted | posi- | pesi- | posi- iposi-
i i tive j tive tive Jtive tive | tive | tive | tive] [ tive tive | live |tive
T Ve e | o Podo s [ a1 5 qeziae s a2 | o 3
2o | ool o f oo e [ 15| 7| 2 3] {25 | s l3s
ot l1s 1 o [0 T o folm [ho U s les [s2lam ! 30 | 03 oo 38

CGameioeytes © Lot 1, ten crescents per N0 lewcocytes : Donor, male, 16 years,
Lot 2, Gifteen crescents per W Jeucocytes : Donor, male, 20 years.,
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It will be seen that none of 151 €. biteniorhynchus was found infected either
with gut or salivary glands infection in contrast to A. stephenst {type) and
A, fluviatilis, both of which showed an infection index of 32 and 38 per cent, res-
pectively.  Majority of the mosquitoes were dissected long after the formation of
sporozoites in the control species. It is, therefore, reasonable to conclude that
(. biteniorfynchus is highly refractory to infection with P. faliiparum. The results
corroborate those of Russell and Mohan {19394) but not thase of Williamson and

Zain (1937).
SUMMARY AND CONCLUSIONS.

The results of dissections of comparative feedings of C. biteniorhynchus and
the control species on gametocytes of two species of avian malaria and one species
of human malaria are recorded. C. biteniorhynchus is highly susceptible to
P, rmlictum but refractory to P. gallinaceum and P. folesporum under laboratory
conditions.
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Varmious species  of culicines  have been  experimentally infected with
Plasmadium gallinacewm up to the sporozoite stage {Russell and Mohan, 1g42;
Russcll and Menon, 1942). It was to evaluate quantitatively the susceptibility
of some of the common culicine specics occurring along the easternt slopes of the
Nilgiris (South India) that experiments were carried out under laboratory condi-
tions with the following six species :—

t. Aedes {Stegomyia) wgypti Linvzus, 1762

o, Aedes (Stegomyia) albopictus Skuse, 1804.

3. cledes {Stegomypta) viltatus Bigot, 1861,

4. Aedes (Finlaya) psewdoteniatus Giles, 1gos.

5. dcdes {dedimorphus) jamesi Bdwards, 1914.

6. rongeres { Armdgeres) oblurbans Walk, r860.

Expericnce extending over several years has shown that in the case of
P. gallinaseum infections, a higher density of cscysts pes positive gut is ahnost always
associated with a higher productinn of sporozoites in the salivary glands afier the
incubation pesiod.  Consequently the different species of Aedes were first compared,
only on the incidence of gut infections and subsequently on the density of ogcysts
per infected gut.

MATERIALS AND METHQODS,

‘The strain of P, gallinacewn vsed in these experiments was brought originally
from Colombo and has been maintained in the local domestic fowls in the
Jaboratories of the Maluria Instittte of India for the past several years. dedes (S.)

{75 )
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egypti and Aedes (S.) albopictus used were taken from the insectary colonies, while
the remaining species were reared from larvee collected from their natural habitats.
For feeding the mosquitoes on an infccted fowl, feathers on the back of the bird
were clipped and its legs genily ticd together with a piece of cloth bandage, The
fowl was then made to stand inside the mosquito cage with its head protruding
sut through a sleave which was rolled and tuckzd so as not to let any mosquitoes
escape.  The movements of the fowl were thus restricted. A thick paper was used
1o cover the bottom of the cage to prevent the fowl from damaging or soiling it.
Fully engorged females of the various species were removed separately into different
cages and kept under identical conditions until dissection.

RESULTS.

In the first set of experiments the relative susceptibility of six different
species of Jedes were determined on the basis of qualitative infections, that is, on
the number of specimens showing gut infections, The results of dissections are
presented in Table T.

‘FaprLe I

Comparative infectibility of six  species of Aedes with P. gallinaceum in

domestie fowls.
! _: ]
i Nuwuneg. INumber of]
] i : ! guisexa- | Average number
Bpecies. i i Gat Per cemt I mined for @ of odevsts per
]F.xamined. positive. | positive, obevst ;. pasitive got,
; ! : coants. |
Aedes (Stegomyia) albopiclus | 25 2 P93 3 Heavy intensity of
§ - i odCysts,
Aedes {Slegomyia) apypti ... . §7 14 82-0 i 22
| B M
dedes {Slegemyia) vitlatus ... 7 B T 25-0) 4 i 145
Sedes (Finlapa) poendoteniatus © W 0 4 400 4 Fair )y heavy in-
: tensity nf olcysis.
Aedey {Aedinorfrlus) famesi |t 5] 33 i 1000 1l 43
Armigeres (Armigeres} obtwbans l 2 . 2 i 190 - 2 i 873

4. j

An analysis of the data shows that 100 per cent infection was found in the
case of dedes (Aedimorphus) jamesi and Armigeres { Armigeres) obturbans, although therc
were only two specimens of the Jatter species.  The infection index of the remaining
species was in a descending order as Dollows : Aedes (Stegomyia) albopictus (g3 per
cent), Aedes {Stegompia) agypti (82 per cent), Aedes (Finlaya) pseudsteniatus {40 per
cent) and Aedes (Stegomyia} vitiatus {25 per cent).
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COMPARATIVE SUSCEPTIBILITY OF AEDES (5.) £GYPTI AND
AEDES (8.} ALBOPICTUS.

The two species dedes (S.) agipti and dedes (8.} albopucius which are common
all over India and which had shown a very high rate of infection in the previous
experiments were subjected to further comparative tests on their susceptibility.
Three lots of mosquitoes of these two species were fed as in the previeus experiment,
All the mosquitoes in Lots 1 and 3 and most of them in Lot 2 were dissected
before sporozoites reached the salivary glands. The results of dissections in this
second series of tests are prescented in Table 1L

TanLe I

Comparative infections in Acdes (8.) egypti and Aedes {5.) albopictus with
P. gallinaccum wn domestic fowls.

2 AEDRY (STEGOMITA) EQYPTY ABDES {STECOMYIA) JLAGPICTUS
E! Number, l MNumber i
E: | : !
a - fre - -—Per etnlt . i o Per ¢ent
5 Exami- + Gut Glands | Tetal | total | Exami-' Gut , Glands | Total total
3 ned. - positive. posirive.: positive, | positive.:  ned. | positive. | positive.” positive.:  positive.
H — | RPN PR 1 ' L
e 4 | 800 By 7 | w7 f 815
: : : i : ! f
2. 44 ! 4G | 11 46 [ e-p o 38 1 86 7T, 3¢ 100 -¢
: : : i i
5 6 . 2 25 Lo | 2w L0 L 68
e i A > ! .
Toial ;. 1i6 1 76 : 7] 76 ¢ 6600 3| e [ 7 | ez 850
i ! L ! ; i

An analysis of the data shows that while in Lot 2, all dedes (S.) egypti and
Aedes {5.) albopictus were found infected, in Lots t and 3, the percentage of mfection
was higher in Aedes (8.) albopictus than in Adedes (8.) agypit as observed in the
previous experiment.

The incidence of the quantitative infection was determined by couniing the
ngeysts after the guts had been properly stained and mounted in canada balsam.
‘The results obtained are shown in Table Iil.

Tt would be observed from the above that, the higher the index of infection
the greater was the average density of oicysts per infected gut and that this average
was significandy higher in dedes (S.) Albapictus than in Aedes (5.} 2gyptiin all the
three series of tests.

COMPARATIVE SUSCEPTIBILITY OF AEDES (8.) ZGYPT] AND
ARMIGERES (4.} OBTURBANS.

Experiments similar to those carried out with egypti and albopictus were
repeated with females of egypii and obturbans.  The results of simultancous feedings
on infected fowls are shown in Table IV, and the intensity of gut infection before
the invasion of salivary glands by sporozoites in Table V,
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Tasre 11

Gallinaceum.

L.

Quantitative intensity of oocysts in Aedes (5.) mgypti and Acdes (3.} albopictus.

‘: ! r\.tt‘rd,gl"
g : iNumber | numlbwr Oicysis per positive g examined,
= i of guts of | i - — : e
g : Specics, Per cont | exami- | oicysin i I ! ! ‘
3 positive. ! ned for | per e 1 51- | 100~ § 200 | 301~ |
5 | oteyst | positive | =10 | 50 D00 | 200|300 400 | 401
-1 '5 | counts, [ gut |t [ : : |
i { Aede.i {\‘iiegam)w) i ] i l f
| egppi 8 -0 P AT S 2 1 2| f i
2 Abvdes (Stegemyia} i : X
. egypiia WHE - o T 8 ] EO J 1
4 imfes {Stegompia) ; ; t X
? zp3pii 106 2 3od 25 } . e !
! ! Apdes {Siegonmyia) i | ! ! :
| albopictus N Y 7 1 90 2 2 l 2 (I :
2 dedes {Stegompia) i ] ; 1
: wdbapictus e | WHY-O @ iZsn 11 i 07 7 B i
37 Aedes (Stegoonyia) . : . i |
© albopictns G55 1 19 noh l 4 1 8 ; !
Tasie IV.
Comparative infections in Aedes (8.) wgypli and Armigeres (4.} obturbans with
P. gailinaceum in domestic fawls,
I .
: Ardes (Stegomvia) tg){)ii. Argsigeres {Arntigeres) sbimtans.
faol Number. 1 E Noamber,
I T e [ -t cend II B e DR B |P( I eenl
l Fxa- ( Gut Glands § 'Total | total Exa- Gut % (‘Ian(h J Towal | ioeal
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{ i ! i
TarLe V.
Cuaniitative intensity of oacysts in Aedes {8.) =gypli and Armigeres (AL
obturbans.
! IAverage |
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All the mosquitoes of both the specics were found infected, The average
number of ogcysts per gut in infected Armigeres (A.) obturbans was more than twice
as high as iu Aedes (8.} egppii.

DISCUSSION AND SUMMARY.

On the basis of gut infectons, dedes (5.) vittatus and dedes (I.) psendoteniatus
Have heen found to he less susceptible than the remaining lour species, namely
Adedes (8. aegipti, Aedes (S.) albopictus, dedes (A.) jamesi and Armigeres (A.) obturbans.

dedes (A} jamesi although highly susceptible, has a very restricted distribution.
ft has so far been recorded from peninsular India and Ceylon and extends as far
north and cast as Bihar (Barroud, 1934).

Aedes (S.) egppti and Aedes (S.) albopictus, the two highly susceptible species,
are commoen practically all over India. They are easy to rear and colonize and
feed very readily on man as well as on laboratory animals.  The resulis of
comparative feedings have consistently indicated that of these two species, Aedes (S.)
albopicins is & more suitable host to P. gallinaceum than Aedes (5. egipti, both
ualitatively and quantitatively.

Armigeres (A ebturbans has shown to be the most efficent carrier of
P. gultinaceum. According to Barraud (loc, cid.} it is prevalent in the area extending
from Punjab to Assam and Burma, and through peninsular India to Ceylon,
It is a very hardy mosguito, casy to colonize.  Unlike other Culex and Aedes
mosquitoes, the salivary glands ol this species can be easily dissected out almost
free from any eneuwmbering tissue.  Consequently of all the species tried, Armigeres
4.} ebturbans apprars 1o be the most suttable lor experimental infections with

P. gallinaceum.
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COMPARATIVE EXPERIMENTAL INFECTIONS IN ANOPHELES
FLUVIATILIS AND ANOPHELES STEPHENSI (TYPE)
WITH PLASMODIUM FALCIPARUM WELCH, 18¢7.

BY
BADRI NATH MOHAN.

{Insecticide and Mosquito Repellent Enquiry, Indian Council of Medical Research,
Malaria Institute of India.)

{March 5, 196i.]

AL proviatias 33 one of the most efficient vectors in South India where 1t
has been found infected in nature in several places, often with high inlectivity
rates. Covell (1944) in his review of the malaria vectors of S. . Asia observed that
A. fluviatilis comprised at least two biological races. According to him, the race
prevalent in South Tndia was strongly anthropophilic while the race in the north
and north-east India fed mainly on cattle and was not considered a malaria carrier.
Recently, however, A. fluviatilis has been found infected in nature in Terai, Nainital
District, Uttar Pradesh (Srivastava and Chakrabarti, 1952 ; Issaris ef al., 1953).
Different antimalaria organisations working since 1947 in Uttar Pradesh Terai
had found that A. minimus, which according to earlier investigations was the chief
vector in that area, had become virtually non-existent and that A. fluviatilis and
A. culicifacies were now responsible for malaria transmission in Uttar Pradesh Terai
(Issaris et al., loc. cit.).

Although several records ol experimental infections relating to A. slephensi
{type) * have been reported (Iyengar, 1933 ; Strickland e al., 1933; Russell and
Mohan, 19394 : 19396 : 1939¢ : 1040 : 1941}, no attempts have apparently so
far been made to infect 4. fluviatilis under laboratory conditions.  With a view to
determine the comparative susceptibility of A. fluviatilis and A. stephensi (type)
to Plasmodium falciparum infections, feeding experiments were carried out under
laboratory conditions at the field station at Mettupalayam (Nilgris, South India).
Insectary specimens of these two species were used in these investigations.

* 4. stephensi is known to be an important vector under tural conditions in western and north-western
India and under urban conditions in certain localities in peninsular northern India (Covell, loc. cit.).
The use of insectary A. stephensi (type) as the control mosquito to gauge the significance of experimenial
infections in other mosquitoes in India, was suggested by Russell and Mohan (19395).

(8l)



B2 Experimenial Infection in A. Fluviatilies and A. Stephensi.

‘T'he colony of 4. fluviatilis was established with eggs luid by u few wild-caught
{emales from Kallar, eastern Nilgris, where it is responsible for hyperendemic
malaria (Russell and Jacob, 1g42). At the time of investigations, it was about
four years old and had been maintained as inbred, the females being given rabbit
blood fecd throughout (Mohan, 1952).

The colony of A. stephensi {type) was established in 1938 {Russell and
Mohan, 1939d) with 25 larva collected from housc-wells in Madras City.  This
colony had been throughout inbred as in the case of 4. fluviatilis.  Although these
two colonies were fairly old and had throughout subsisted on rabhit blood, the
adults showed no apparent deviation in their cagerness to leed on human beings.
‘The A. stephensi colony was 17 years old and it is of interest to note that it showed
no abatement in its susccpubility to experimental infections.  Females selected
for the experiments were three to five days old and had occusion tosubsiston glucose
solution during this pericd. They were confined in screened wooden rings and
applied simultapeously to the gumetocyte carriers.  Qut of these, fully engorged
were taken, the two species being kept separate under indentical environmental
conditions In cages {6 x6 x6 inches). Dissections of these specimens were begun
a few days afterwards.  The results of  dissections of three separate lots of both
A, fluiatilis and A. slephensi (type) are prescnted in Table L

Tapre L

Susceptivitity of A. fluviatilis and A. stephensi (fpe) lo infection with P. falciparun.
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An analysis of the results shows that the infection index of the salivary glands
was higher in A. sigphensi {type) in Lot 2 and almost equalin Lot 3. In Lot1,
sporozoite infection In A. stgphensi {type) was again lower, but the numbers dissected
were small. On the basis of gut infections before the sporozoite invasion of the
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salivary glands, the index was in favour of A stephenst (type; in Lots 1 and 2 and
about equal in Lot . If all infections, viz., gut infections alone and glands
infections with or without gut infections are combined, both species appear to be
about similar in their susceptibility to cxperimental infection.

Mosquitoes in Lot g showed the highest and the heaviest infection, It was
thought desirable to study comparative infection in this lot hoth quantitatively and
quiditatively.  The latter were made by making counts of ogeyts before the
infection of sporozoites in the salivary glands.  All the preparations were stained.

The average namber of oicysts per gut was 50'g in 19 positive 4. fluviaitlis
and 609 in 16 positive A. stephensi (type).  The quantitative incidence of infection,
that 15, the number of oscysts per positive gut was well scattered in both the
species.

Among the factors concerning the susceptibility to the species and strains of
plasmodia, the density of gametocytes is important, but is by no means the only
factor involved. In the present experiments, the higher content of gametocytes
per 100 leucocytes cotncided with higher index of infection in both A, fluvietilis
and A. steplienst (typej.

SUMMARY.

Comparative susceptibifity of AL fluzigitlis and 4. stephenst {(type) to infections
with plasmodium falciperum was studied. Both these species were found to be highly
susceptible.
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TXPERIMENTAL STUDIES ON REPRODUCTIVE CAPACITY Or
ANOPHELES FLUVIATILIS AND ANOPHELES STEPHENSI
(TYPE) AFTER EXPOSURE TO SUBLETHAL DOSES
OF D.D.T. IN DIFFERENT STAGES OF
GONOTROPHIC CYCLE.

BY
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JInsecticide and Mosquito Repellent Enquivy, Indian Gouncil of MMedical Research,
Malaria fustitule of India.) '

iMarch 5, 19861

INTRODUCTION.

Since the introdoction of DUALT. for the control of madaria, the study of the
elfcet of different dosages of this insccticide on mosquitees has been attracting the
attention ef a number of workers. As a result of intensive studies by different
workers all over the world, a numher of papers have been pnblished dealing with
its residual toxicity, excito-repellent action and the development of resistance
amongst the mosquitoes of various species, exposed to lethal and sub-lethal dosages

of D.ID.T.

In order to study the effect, if any, of exposure to sublethal doses of D.DUT,
on the reproductive capacity of A, flwralidis and A. stephensi (type) at different
stages of the gonotrophic cycle, namcly, unfed, blood {ed, partially gravid and
gravid females, experiments were undertaken under laboratory conditions.
During the course of these experiments a few observations on the swarming and
mating behaviour of these two specics after exposure to 1.D.T. were also made.

MATERIALS AND METHODS.

Both males aml temales of A, fuviaitlic und A. stephensi {type) used in these
experiments were taken from the colonies maintained at Mettupalayam
{South India).*
- *‘Tl!t-: colnny_;f;lﬁxmardu was aboui four years oid -(-h-iol:é; » 19:32) and that of 4. -,dfp}mm' (type) albiout
17 yeurs old {Russell and Mohan 1939},

(85)



4t Reproductive Capacity of A. Fluviatilis and A. Stephcnsi

As there is a definite correlation between fertilization and the maturation
ol ovaries in hoth the species, males and females of cach specics after hatehing out,
were kept together in the same cage and fed on 1o per cent glucose solution for
four to five days, during which period a major proportion of the females of each
species hecame fertilized.*

In the experiments deseribed hercin, all mosquitoes were given at uppovtunity
t teed on a rabbit during night and only fully engorged females were selected for
the trials.  In all the experiments, only a single full blood meal was given.

E xpomm of mosguilees to D.D.T.~Txposure chambers were boxes made of
ply wood {about seven inches cube) with total inside surface arca of two square
fect. The top cover had o ceutral circular aperture for the mtroduction of
mosquitoes.  The cover was held in position by rubber bands which werce strung
across it from small nails fixed al each corner at the base. The boxes were
lined on the inside, including the cover, with glazed kraft paper.  The entire
exposed sarface of the paper lining was smeared with 4 c.c. of obzj per cent
D.DUTS sulution in acetone by mcans of a camel hair brush to give a d{.pnslt of
ters mg. of DU per sy, ft. The solution was coloured with Sudan 1T to
incilitate complete and unilorm coverage of the entive surface.  To prevent
evaporation, the solution was kept in a glass stoppered cyhnder, care being
taken to expose it as little as possible ot the time of application.

Each of these exposure chambevs was used only for two or three exposures
on die same day.  The kraft paper was then removed and replaced by a clean one.,
‘the cxposure boxes smeared with DLD.T. solution were usually prepared vne or
two days prior to use.

About 15 mosquitoes were picked up in a sucking tube und when four such
tubes were ready, the mosquitoes were gently introduced mto  the exposure
chamber.  After the required exposurc to D.DVT. deposits, mosquitoes of cach
species were teleased separately into a bobbinet cage (2 x2 x2 feet).  From these
targe cages, the survivors were removed alter a few hours and those of different
species were kept separately under observation in 6 X6 <0 inches cages and
dissected as and when required.

In all the experiments mentioned in this paper, the dosage of D.DUT, tried
was 12°5 mg. per sqg. it. and time of exposure was five or ten minuies.t

A number of mosquitoes unexposed to DVLT. were also kept ssmultancously
ainder identical conditions for purposes of comparison.

Dissections for the examination of the ovarian stage and of the presence or
abscuce of sperms in spermatheca were carried out and completed as soon as
permissible.

*]aswant Singh and Mohan (1851) have shown that in a majority of . fhwiatilis maiing precedes bload
Yo, which is cqually (rue of A, sigthensi (fvpe) under Fabioratony conditions (Russelt and Mohan, 1939},
tin arder to observe the total contact period of the mosquitoes released jo an exposue chamber, lower
wall of the box was made of celloplrane paper.  The Jox was placcd in such a way that onc vould watch the
movements of Lhe mosguitocs f1om bhelow, Tt was observed that the mosquilues on gening excited after
zontact with the DVDVE deposit, kept dashing  agairst the sides of the box and did not lly in 1he space
miclosee] by the wells,  In other words, mosguiions in such a chamber were in contact with DUIXT. deposits
uractically throughout the period uf exposure,
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DEVELOPMENT OF OVARIES IN L FLUVIATILIS AND
A, STEPHENSI (FYPE) WHICH WERE VIRST EXPOSED
TO D.D.T. AND TUEN GIVEN BLOOD FEED.

Unled females were exposed to DUDVT. i the lale afternoon and then
refeased in the evening into a cage in which a rabbit was kept for the mosquiioes
(o feed upon during the night. Onc series* of A, fuvialilis and two of A, stephensi
(type) were exposed to DT, for five minutes and two series each of A, flugiatilis
aned A. stephenst (type) were given an cxposure of ten minutes. o a separale cage,
mosquitoes unexposed to D.D.T. were similarly relcased for purposes of comparison.
The following morning, fully eagorged females of each species, exposed and
uncxposed, were picked out and kept in scparate cages. These were allowed to
fced on glucowe solution until disscction.

In another set of experiments, specimens of cach spocics were divided before-
hand into two separale groups, onc consisting of virgin females and the other of
fertilized females {confirmed by disseciion later) and were exposed to D.D.T.
Females which were intended to be kept unfertilized were removed into a separate
cage soon alter emergence.t Others were allowed to renain with the males,
which were in a prepondering ratio.  Four scries of experiments cach with virgin
and mated 4. stephensi (type), and three series of experiments cach with virgin
and mated A. funiatilis, were carricd out, the time of exposure to D.IDVE. deposit
being five minutes. The combined results of dissections of both the sets of
ffertilized and unfertilized) A. stephensi (type) and A. fluviatilis, together with those
of the uncxposed females, are set out in Table 1.

An analysis of the data shows that regardless of whether they were exposed
tw DT, or not, the fertilized females of both the spedies showed a significantly
higher percentage of mature ovaries than the unferuilized females.

From the above results, a close correlaiion between  fertilization and
maturation of ovaries in both 4. fluviatifis and A. stephensi {type) is very apparent,
Tn a relatively small proportion of cxposed and unexposed lertilized females,
ovaries failed to reach maturity. This is in conformity with the earbier findings
of Jaswant Singh and Mohan {1951) who reported that ene full blood meal was
not adequate for complete ovarian development in ull cases of fertilized
A. fluviatilis,

DEVELOPMENT OF OVARIES IN A FLUVIATILIS AND
A. STEPHENSI (TYPE) WHICH WERE TIRST BLOOD FLD
AND THEN EXPOSED TO D.D.T.

Females of both species which became fully engorged overnight, were used
for 1these cxperiments,

*As the mortality ameng the unfed females exposed to DUDLT, was very high, a large serics bad 10 be
wxpused 50 as to get a fir number of survivors for feeding and subsequent maturation of the ovaries,

tUnder laboratory conditions, A. fuviatilis and A, sephensi (type) hatching out towasrds the evening,
nave scidom been observed to indulge in any biclogicai activity during that night. This was confirmed in
experimonis especially designed to throw lighi on how seun alter cmergence, do mosquitoes begin to swarm
and mate, and females commence o take blood mesal.
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TasLe I,
Maturation of ovaries in fertilized and unferiilized A. fluviatilis and A, stephensi

{type) which were first exposed to D.D.T. (125 mg. per 5q. fL.) for 5 and 10
mnufes, respectively, and then blood fed, togelher with the results of unexposed
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Ome batch of 4. fluvialilis and two batches of 4. stephensi {Lype) were exposed
t DUALT, for five minutes and two of A. fuviatitis and four of A. steplenst {type)
for 1en minutes each,  All exposures were given carly in the morning except in
the case of one bateh of each of the two species in the second series in which the
famales were exposed to DLIDT. soon after feeding, about midnight.  Since the
development of the ovaries was about the same in specimens exposed at midnight
or in the morning, the data for all the specimens exposed have heen combined
iz Tahle IL.

An analysis of the results clearly shows that exposore o DT, did not
seem  to inhibit In any way the development of ovaries* in A, fluviatilis or in
A, stephensi (type).

_ n alf the experimen(s wherever full dcvci&pmu;;:. of ov_ariés_\-a;;s.-;&;:r;;ﬁ; the fertitieed fcrﬁa]cs“ laid.
+ahle eggs,
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Tasir HL
Maturation 3f sraries in A, Huviatilis and A, stephenst ype; which were first flood

Jed and then exposed to D.D.T. (125 mg. per sq. fL.; for 5 and 10 minutes,
respectively, together with the results of unexposed conlvols.
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DEVELOPMENT OF EGGS IN PARTIALLY GRAVID
A, FLUVIATILIS AND A. STEPHENST (TYPE) AFTER
" EXPOSURLE TO D.D.T.

A fluviatilis and A, stephensi {type) lemales which had taken a blood meal and
had hecome half gravid or nearly so were selected for exposure to D.D.T., a number
heing kept unexposed for comparison. Al the females were examined individually
and those which showed progressive digestion of the blood meal without the
corresponding development of ovaries, were discarded.

Tn the first scries of experiments, one batch cach of A. flusiatilis and 4. stephensi
{type} was given five minutes exposure to D.D.T. and one batch of 4. stephensi
‘type} only ten minutes exposure. The results, together with those of the
unexposed batches, are presented in Table HI,
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Reproductive Capacity of A. Fluviatilis and A. Stephensi.

Maturalion of ovaries in partially gravid A. fluviatilis and A. stephensi (tpe) after
expasure to D.D.T. (12°5 mg. per sq. ft.) for 5 and 10 muinutes, vespeclively,
together with the results of unexposed controls.

- v | Partally gra\r:ds exposed io DVI ! Unexposed (Conral}.
E% ﬁ'?. Dosage: 125 myg. per sq. i1, : B
Sprcies. é:%'»%;% Fertilized. H____Enfir_t_[_!fd IE Yertilized. 3 UI:E(:;II.'.ﬂiZl!d.
;E ..52 = N;;::-‘ Ovaries. !Nl‘:r:_lé Owarics, Nlt;:;- Ovaries. N]:::;r:- L Eiatlf“ _
'};E exa- | Ma- |Irr1m=1-‘I cxa- | Ma- |[fmma- exa- | Ma- fmma-l exa.  Ma. i'lrnma-
iﬁ" mined.] ture, @ toure, |mmr=d ture. | ture. Emintd. ture, | fure. mim‘d.f mrf:'__i ture,
{ aviaitis 1| _“* 14 139 sl |0 taela [ [ s [0
E’r‘r eent I[ - 880 —:_lzl‘i‘:;.“ﬂﬂj[—* w2 | 1281 lei -6 ]|
P e o e el et S —
Pax <n | s 0| oo, | wefes el
|3 j!ﬁflﬁ(—.ﬂ,\;‘i ! : [ f 3 9 E G E 3
S FRE Tl Y e e Py
4 ephensi s 3 Lt | 2 ENE IR EEN
}t:r?i):‘ntl ' ' ‘ [92' 9 } 71 | Iut - [-w 0 10 -0 [ DR
P u;;,;;,,; “'|i B B E T N
'(l[:nﬁil P ! ot lon | T} ] i b | 1 |4 I 3 1o 3
ST I ,*}?"T'Ii" T s s Tesel e | (e iea

Note,—-] Yemales in which abdomen was coilapsing without the onrrespimdmg avarian dmtlnpmrm

were exchuded,

I'n another series, defipitely half gravid females were exposed to D.D.T.

for five minuics.

In these the abdomens were distended with partially digested

blond and developing ovaries ocenpicd four to six segmeats dorsalhy and three

i four ventrally.

itype), were found to have become fully gravid.

The vesults clearly show that once the ovaries have commenced developing
and the female has reached nearly the half gravid stage, exposure to D.DVT
does not in any way inhibit the development ol the ovarics, and viable eggs arc

Taid.

OVIPOSITION BEHAVIOUR OF

All the surviving females, 80 A, fluviatilis and 104 A, siephensi

A FLUVIATILIS AND A. STEPHENST

(TYPE} AFTER EXTFOSURE TO D.D.T,

For these experiments, only those females which had taken a blood meal
iwo mights carfier and had become gravid were sclected. Two series of experiments

with cach species were carried out,

Fernales exposed to D.DUTL for five minutes
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were refeased separately imto bobbinet cages (2 x2 X2 tecyy,  The bottom of
euach cage was completely covered with a dark cloth.  Provision lor oviposition
was made by keeping inside the cage an ecarthenware dish, partially filled with
water tauken from the larval rearing basins. A rabbit was kept in the cage through-
out the night so that mosquitoes could feed on it after oviposition, Control
experiments were run simultaneously under identical conditions. :

A number of females of both the species exposed to LT, behaved normally
in that the eggs were deposited on water and after ovipositton they fed the same
night on rabbit. In the case of others, in spite of the availability of water for
oviposition, eggs were dropped at random on the dark cloth., The females kept
unrcxposed to DT, for purposes of comparison oviposited normally, It seems
that as a result of exposure to DT, the faculty of selecting a proper place for
oviposition is somewhat impaired in « certain number of females or that they are
physically incapacitated to oviposit in a normal manner. Observations also
showed that a small proportion of the females had taken a blood meal alter
partial oviposition.

SWARMING AND MATING BY A, FLUVIATILLY AND LA .S‘TEPHE.MSI
(TYPE) AFTER EXPOSURE TO D.D.T.

L fluviatilis und L stephensi {iype) males were separately exposed in the
cvening to r2'5 mg. DT, per sq. ft. for three minutes and released with normal
unfed females of their respective species,  No elear-cut swarming was seen but
attempts to swarm were apparent.  This was presumably due to the incoordinated
Hight of the males. The males attempted to mate but most frequently un-
successfully.  Some  in-coupla  pairs were  ohserved  and  sepayated  after
about half to one minute, Russell and Moban {1939} have reported having
observed a bive and active A, siephensi {type) female coupled 10 2 dead male. Such
instances were not rare when males, after exposure to DT, were released
with the normal femules.

When unfed females were exposed to r2°5 mg. DT, per s, f. for five
minutes and then plced with normal males® in separate cages, males were seen to
swarm and ilso te mate suecessfully with the females, though to a somewhat
lesser extent,

When both seses were exposed to DULT,, the instinct to swarm and mate
was apparest but attempts (o mate were mostly abortive.  When these mosquitocs
were fod on glucose sofution, the swrviving males and females were lound to swarm
and mate the following evening, particularly if present in Eavly large nnmbers.

DSCUSSION,

Rajindar Pal ¢ al. {1952) while dealing with . stephensi {type) at Delhi
observed that “an exposure o DIDUT, (125 mg.fsq. it} for ten minutes
inhibited the development of cges in unfed 1. siephensi (type).” They further

“ ‘-‘.Iii;s-sgll_a.nd .!\{r;h:m.(ln‘.;l.fiﬂ) many .ﬁmt-.s (.;l.\'s.{‘l'\'('.d iwo undouwdsed A, stephenad males in what appeared
1o e attempts ta nale. Similar atlempis on the pact of A fwiatific mates have alzo beep observedd.
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observed, “Fully fed mosquitoes exposed to N.D.T. for five minutes and afterwards
kept under normal conditions, also failed o lay eggs, whereas completely gravsz'd
maosquitoes laid viable eggs after exposure to DT, deposits for five minutes *".
The experiments carried out at Mettupalayam, South India, as described above,
do not conform to their findings except with regard to the laying n{‘.vtahle
vggs by completely gravid mosquitoes after exposure to D.D.VT. deposits for five
minutes.  The complete faiture of development of the ovaries in the cxperiments
at Delhi, however, might have been due o the face that the A. stephensi females
used were probably unfertilized.

The correlation between fertilization and maturation of ovaries has also
neen referred to by Muirhead Thomson (1951}, He l}as ?:"urtl}cr_ referred to the
far-reaching secondary physiological cffects of fertilization.  Virgin females may
continue to fecd without their ovaries developing. This phenomenon is of great
importance in the transmission of malaria. He also observed that a single blood
meal might be sufficient for the maturation of ovaries in virgin 4. siephense (var.?)
it not in virgin 4. minimus.  The expzriments described in this paper, however,
mdicate that usually both virgin . slephenst {type) and virgin 4. fluviatilis hehave
the same way as recorded by Muirhead Thomson (1951) for 4. minimus.

Observations on swarming and maung of 4. stephensi (type) and A. fluviatilis
with both scxes or either sex exposed to sublethal doses of D.D.T., indicate that
while partially paralysed males with incoordinatcd movements could not swarm
ur dance, they did attempt to mate with the normal females, some successfully.
Normal males inseminated partially paralysed females, When both sexes were
partially paralysed, there was no swarming, and mating activity was considerably
vurhed during that evening.

SUMMARY AND CONCLUSIONS.

1. Hxperiments with I fluviatilis and A, stephensi (type) after exposure to
sublethal doses of DLDVT. in different stages of the gonotrophic cycle, namely,
anfed, blood fed, partially gravid and gravid females, have been described.

2. A single sublethal contact with DUDLT, deposits was found to have had no
effect un the development of eggs when the females were (7} first exposed to D.D.T.
and then blood-fed, (i) first blood fed and then exposed to D.D.T. and (i)
exposed to D.D.T. as half gravids.

3. There was close correlation between fertilization and maturation of
ovaries irrespective of the exposure to D.DUT. Fertilized females showed a
significantly higher percentage of mature ovaries than the unfertilized females,

4. Exposure to D.D.T. affected a fair number of gravid 4. fluviatilis and
4. stephensi (type) in that cggs were laid at random although suitable water for
oviposition was available.

5. Males of 4. fuvialilis and 4. stephensi (type), cxposed to sublethal dosage
ui .. T, at dusk, could not swarm or dance, but attempted and succeeded to mate
with the normalfemalesof theirown kind in some instances; mating did not appear
i0 be significantly affected between normal males and females exposed to D.D.T.
When both the sexes were partially paralysed, swarming and mating activity was
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vbserved the following evening, particularly, i the surviving mosquitoes were in
fairly sufficient numbers.
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OBSERVATIONS ON A NATURAL (CRYPTIC) INFECTION OF
TRYPANOSOMES IN SPARROWS (PASSER DOMESTICUS
LINNAEUS).

Part 1.

Susceptibility of birds and mammals to the
irypanosomes.

ny
A, DAVID
AND
. P NAIR, vaas, (Madreas), e, {(Johns Hopkins).
{Malaria Institute of Indin, Delhi.)
IMarch 2, 1955, f

Tur presence of trypanosomes and sporozoites of Plasmodium relictum in the
salivary glands of a laboratory bred Culex fatigans fed on a house-sparrow, was
reported by Jaswant Singh, Ramakrishnan and David {1g50). Fxamination
of the blood film from the sparrow did not reveal any trypanosomes.  Accidental
contamination of the laboratory reagents was excluded.  The authors concluded
that mosquito infection of the trypanosomes, in all probability, was derived from
the spurrow. Attempts to maintain the strain of trypanosomes for further study,
by inoculating a pigeon, proved unswecessful.

On March 2y, 1954, one of the authors (A} once again observed
trypanasomes under identical conditions described ahove in a laboratory bred
(. fatigans fed on a sparrow with a patent natura) infection of P. reliclum. The
strain has since been successfully maintained to date in G, foligans mosquitoes fed
on birds inoculated with the trypanosomes.  This paper describes the results of
inoculation of trypapssomes from mosquitoes o diflerent kinds of birds and a lew
mammals,

MATERIALS AND METHODS.

House-sparrows, nightingales (Molpastes cqfer and 3. lencogenys), black~
headed mynas { Temenuchus pagodarum), seven <isters (Craleropus canorus), Crows
{Corvus splendens), red munias {(Amandava amandava), fowls (white leghorn), parrots
‘ Palaeornis torquatus), pigeons (Columba livia Gmelin), quails (Colurnix colurnix}, grey

£95)
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partridges (Francolinus pondicerianus), chicks, mammals like monkeys (M. mulatta
mulatta) and albino rats (Mus norvegiens albinus), were used in these experiments.
All the birds, except chicks and fowls, were wild-caught and obtained from the
focal bird market. The rats and chicks were obtained from the reared stock in
the Institute and the fowls from the local Government Poultry Farm. Monkeys
were trapped from the surrounding areas of Dethi.  The blood smears of all these
animals were examined on three consecutive days before actual use for the suscep-
tibility test and all of them proved negative for trypanosomes. In addition, prior
Le inoculation with trypanosomes, sufficiently large number (not less than 50 per
animal/bird) of laberatory bred C. fatigans were fed on them and dissected six to
ten days later. None of the above mosquitoes showed any form of trypanosomes—
a fact which was taken to mean frecdom of these animals from natural (eryptic)
trypanosome infection,

The developmental forms of the parasite (trypancsome), maintained in
(. fatigans by feeding them on sparrows known to have the infection, were inoculated
in heavy doses to these animals ejther intravenously or intraperitoneally or
subcutaneously or a combination of these routes. Thereafter, laboratory-hred
77, fatigans were fed on them at varying intervals commencing from 12 hours
after inoculation up to over two months. These, after feeding, were kept in the
inscctarium under controlled conditions of temperaturz  (zo to 25° .} and
humidity {70 to go per cent) and dissecied one and a half to 104 days later. If
developmental forms of trypanosomes could be traced in these mosquitoes either
in gut or gland or both, the particular animal on which they were fed, was
vonsidercd as a susceptible host to this strain of the parasite.

RESULTS.

Infection was detected in mosquitoes fed on sparrows, nightingales, crows,
parrols, pigeons, seven sisters, black-headed mynas, guails, chicks, fowls, red
nunias, grey partridges, monkeys, and albino rats all of which were previously
inoculated with trypanosomes from mowquitoes. The rate of gut infection in the
tots of mosquitoes fed on different birds and animals, varied from the least rate of
iy per cent o the highest rate of 74 per cent in those fed on grey partridges and
parrots, respectively, The details are given in Table L

DISCUSSION.

An important Bmitation expericnced during the course of these experiments
was the complete absence of the hlood torms of trypanosomes in infected birds on
microscopic examination, cven though they were able to impart infection to a great
majority of mosquitoes, Oun this account, the susceptibility of the ditferent
vertebrate hosts had to be judged by the presence of developmental forms in
mosquitoes.  In this respect, this strain of trypanosomes resembles T. noctuae of
the littie owl (Minchin and Woodcock, tgri) and 7. frirgillinarum of the chaffinch
:Woodcock, 1910), becanse in these cases also the parasites were not patent in the
bleod. '
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Although all the animals used in the experiments proved to be susceptible
to trypanesomes, yet the degree of susceptibility varied greatly in terms of the
percentage of mosquitoes that became positive alter feeding on infected animals.
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Of all the animals used, parrots proved to he the most susceptible. then black-
headed mynas, nightingales, quails, sparrows, ctc. Red munias, on the other
hand, were only very slightly snsceptible.

The wide range of susceptibility of this strain of trypunosomes to various
species of birds locally available in Delhii, indicates the possibility that there may
he several hosts harbouring the natural infection. Similar observations were
made by Thiroux {1go5) while working with 7. paddee. He showed that this
trypanosome was inoculable to other birds, such as, Serfnus serinus, 5. canarius,
Lagenosticia minima, moriposa phoenicotis and Estrilda cinerea {Wenyon, 1926},

Tt has been determined that the infected birds are abie to impart infection
vy (. fatigans fed on them as early as 12 hours after they have been inoculated
with the trypanosomes. The period over which the birds harbour the infection,
has not been worked out fully, but from the resulis so far obtained it can be safely
said that the infection can fast for at least over two months.

The complete life cycle of the purastte in mosquito is under detailed siudy.
In the meantime, it can be pointed out that the forms found in the invertebrate
host as early as two and a hall days alter the infective feed, are capuble of infecting
other normal vertebrate hosts, and (hat when once the mosquito Is inlected the
infcction remains, perhaps, throughout the life of the insect because in the authory’
experiments trypanosomes could be [ound in mosquitoes dwsected as late as
104 days.

SUMMARY.

Trypanosomes in the salivary glands of C. fatigan: fed on house-sparcows,
were observed, for the scecond time, in the laboratories of the Malaria Institute of
India. The susceptibility of birds suck as nightingales, parrots, crows, pigeons,
seven sisters, black-headed mynas, quails, fowls, chicks, red munias, grey partridges,
and mammals such as monkeys and rats, to this strain of trypanosome, was deter-
mined.  As the trypanosomes were not to be seen in the blood of any animal, the
criterion followed in all the cases was to ook for the developmenial forms in the
mosquitoes after they were fed on the respective infected hosts.

All the animals proved to be capable of taking up the infection but among
these, parrot appeared to be most susceptible, and grey partridges the least.
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Some ohservations on hamatology and temperature reaction
in blood-induced infection.

BY
M. K. MENON, s.n.n5.
AND
L PO NAIR, vavs {Madras), s {Johns Hopkins).
{Malaria Institute of India, Delli.}

[March 2, 1935.]

Tue morphology, periodicity and virvlence of Nurt strain of P, knowlest
{Jaswant Singh, Ray and Nair, 1953 ; Bdison and Davey, 1953} have been reported
by Jaswant Singh, Nair and Ray (19354¢ : 19546). In this paper, observations are
recorded on the red and white blood cell counts, hamogiobin content, rcaction
of red cells in hypotonic saline solution  (fragility test) and anal and axillary
temperatuves, of Al mulatta mulatia monkeys infected with this strain.

METHODS AND MATERIALS,

A total of 24 3. rhesus monkeys belonging (o both sexes and weighing between
42 and 82 kg. body weight were utilized for these stndtes.  After initial studies
on total eryihrocyte and leucocyte counts, estimation of hemoglobin, etc., the
animals were inoculated intravenously with P, knowlesi.  The inoculum used in all
the cases was five million parasitized cells per kg. body weight of the animal.  The
investigations mentioned above were continued once a day during the prepatent
periods and thereafter until decath,  The observations were made generally between
it a.m. and 4 p.m. (between two principal feeds).  In some cases, to avoid emotional
disturbances, the animals were anaesthetized before drawing the blood and
recording the body temperature.  Intravenous kemithal {Jaswant Singh, Nair
and Ray, 1952) was used for the purpose.  In the rest of the cases, they were caught
gently without exciting them too much.

{ 9g )
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Bicod smears were collected from the monkeys hoth in the morning and
evening, and the daily average parasite density estimated during the entire period
of observation, The parasites were counted in relation to 10,000 R.B.G,, and for
this Ehrlick’s cyepiece was used.

For total erythrocyte and leucocyte counts, the usual standard procedures
were adopted.,

Hemoglobin was estimated using sahli hemometer and the values were
expressed in terms of grammes of hamoglobin per 100 c.c. of blood.

The qualitative method for testing red cell fragility, as described by Napier
and Das Gupta (1942), was adopted. For this, one or two drops of blood were
added to small test tubes, containing saline at various dilution. Afier shaking
(he tubes, they were centrifuged for about 10 minutes and readings taken. The
highest concentration of saline showing any red or pink contour on the supernatant,
was taken as beginning of hemolysis and the highest concentration showing no
cells was recorded as complete hamolysis,

Anal and axillary temperaturcs were taken every day and these were
recorded in Fahrenheit scale.

The data obtained from the above investigations were subjected to statistical
analysis and compared to the initial findings.

RESULTS.

The mean values of the different observations made in the monkeys prior
10 inoculation, during prepatent and patent periods, are given in Tables I and 1.

The daily average parasitc count reached from 43'1 449 per 10,000
erythrocytes on the first day to 5,360 210 on the last day of infection, i.e., on the
fifth day.

Normal values of the erythrocyte counts were found to be 4°63 [0 15 {range
3 tir 63} million per c.mm. of blood,  This count gradually decreased to 28 1 0°33
million on the last day of infection {fifth day). The gradual decline in the total
erythroeytic count noted on the different days of the infection as compared to that
prior to inoculation was found to be statistically significant according to Fisher’s

“1’ test. However, the slight decline in R.B.C. countnoted during the prepatent
period, was not insignificant,

Normal mean hemoglobin vatue of the monkeys was 1435 4:0°36 gm. per
100 ¢.c. blood. There was no appreciable change in this figure durmg the
pvepatent period but subsequently as the infection increased progressively each
day, this value gradually decreased and finally on the fast day of infection it
was found to be only 8'5:1122. This decline was also statistically significant
at every stage, similar to the R.B.C. count mentioned above, h

The colour index calculated {rom the mean values of R.B.C. and heemoglobin
before inoculation, was 1°083. The same during the prepatent period was 1°053
and during the last day of infection 1-047.

Normal white cell count showed an average of 4,629 + 357 (range 2,080 to
8,200} per c.mm. of blood. A leucopenia tothe order of 3,500 4- 388 to 4,266 + 469
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o2 Studies on Nuri Strain of P. Knowlesi.
Tasrre IL

Femperature reaction in monkeys infested with P. knowlesi (nuré sirain).

, 1 : - inderence
vt e Axillary empereature. . Rectal temporsture.  helween
: !){ﬂyild“:ag‘l- I e | | v the sean
P p;]’".‘i Csun T . . : ; .1
Period, per 10,000 Nwnber! Nurrlfbu‘ ! oy . Tu._lillz.n:zr |
R.B.C. (mean.)! ol F. 0 | . v rectal
e i observa- | ahserva- | . lempera-
tions, tions. ]l tores. °FL
.P;m;ir{;)c.ulatitm ! J ] ilfl:.’,':H-‘-{-;G'RJ ! 26 Jluti-ti 4003 . %138
Prepatent ! Co1s 02 TH0-351 1 20 [2-9STLOLW 0T
. : i | i i
Infection ; I i | _
irst day L 410125440 1 22 Q06 L0362 20 6301940047 | w143
Second day ... | 3ORLE0 | 2 (22250063 21 0 GTIE0-412) )5
Fhird day e LEEIEGG D 2 N8 1044 4 (3-8 434 \ *[-q
Fousth day .. 1 2003305 1§t lje2-2 4056 5 032 038 -7
ifth day ol BIBI2E 3 ez Lle085 1 3 L08-66i L0875 47

* Difference is statistically signiticant arcording to Fisher's * £ test,

necurred during the prepatent and first four days of the disease period.  But this
reduction in leucocyte count, excepting on the fourth day of parasitwimia, was not,
however, statistically significant when compared with the pre-inoculation figure,
On the fifth day of infection, an apparent increasc in leucocyte count amounting
to 8890 5,560 was observed but this again was not found significant when sabjected
to statistical tests.

Normal fragility in the monkeys under study was indicated by hamolysis
beginuing at 0'44 4 0°0065 per cent. During the prepatent and discase periods,
no commencerment of hamolysis at a concentration greater than 0744 per cent was
nbserved but complete hamolysis vecurred at 073612 4 0’0048 on the first day of
infection and 036 per cent on the last day but nonc of these changes was statistically
sigpificant.

Normal azilla and anus tcmperature, prior to inoculation, was 10244 -+
@34 and 103°0 £ 0°31, respectively. ‘There was no definite tncrease in the two
temperatures either during the prepatent or the infection period. In all cases there
was shight increase in the mcean anal temperature as compared to that taken in
the axilla ranging from o7 to -7 °I'.  This difference was found to be rather
rcal than due to any chance.

DESCLISSION.

A progressive  and rapid reduction in R.B.C. count and hemoglobin
concentration was observed with the daily increase In parasite counts in untreated
P. knowlesi (Nuri strain) infection.  On the last day of mfection, there was a mean
reduction of about 40 and 41 per cent of R.B.C. and hamoglobin, respectively,
Working with the same strain, Ray (1953} had obsérved that the reduction of
hemoglobin was by 46 per cent.  Obscrvations by Maegraith (1948} and others
show that the anemia produced with this infection, is similar to that seen in respect
of the strain isolated by Sinton and Mulligan (1932) prior to its loss of virulence
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the infection pertod, remained stightly higher than one {105 to 1759). A similar
observation of the colour index, slightly higher than onc, has been recorded by
Malames (1934) at the terminal stage of fatal P. knowlesi infection.  The anwmia,
observed in the present studies during acute infection, would thus appear to be
more of a megaloblastic type.  Such megaloblastic anwwia in malaria with colowr
index grealer than one, has also heen reported especially during acate malignant
tertian infection {Bianchi, rg40 ; Schrewzenmayr, 5938 ; Seelig and Hemming,
1944). It is even said that there is some similarity hetween pernicious anamia
and malarial anemia but according to Maegraith ({oc. ¢if.) this smilarity is only
a4 superficial one.  From the hamatological studies on the Nurt strain, Ray (1954)
had observed that though during the early phase of the infection the M.G.V.
was slightly lower than normal, during the terminal stage it was somewhat higher.
In other words, at this stage there was a tendency towards macrocytosis, The
same worker made similar observations in respect of fatal infection duc to P, berghe
in white mice. According to Wintrobe (1951}, anemia is usually normocytic in
malaria but * when blood destruction is very rapid it may beecome macrocytic 7.

{ Jaswant Singh of ., 1949). 'The colonr index, both durimg the preinoculation and

Though in many cases, it could not be proved statistically, a slight but
constant leucopenia, both before the appearance of parasites in the peripheral
blood and duaring the first four days of infection, was evident.  Ouw the last day
of infection, o leucocytosis in the mean count is apparent but on acvount of
the smallness of the observations, the very high figure ol stundard error of the mean
and lack of statistical significance, this particular data is not considered adeguate
for discussion here. Many workers have observed a mild leacopenia in ordinary
raalarial infection in man (Maegraith, loc, ¢it.), stmilar to the present investigations.
In moukeys infected with P. knowlesi {original strain), Malamos {(foc. rif.) vrecorded
a mild leucocytosis shortly after experimental infection but soon it was lollowed
by leucopenia and return to normal value after treaument.  Kehar (1936) while
dealing with a similar observation in monkeys, observed leucocytosis during the
incubation and disease period, and a fafl in this namber when the number of parasites
incrcased considerably.  In P, berghei infection in albino rats, Ramaketshnon
et al. {1953} showed a mild leacocytosis in acute stage of the infection and carly
latency, Thus it would appear that no uniforin standard can be laid down with
vegard to changes in leucocyte count during malarial infections,

Normal fragility in healthy monkeys, as judged by the pre-inoculation figures,
indicated hemolysis beginuing at a mean conventration of 0744 4-0°0005 per cent
and complete at 0°35 4:0°009 per cent sodium chloride.  There was no proof to
show any alteration in saline fragility during infection with P. knowlesi (Nuri
strain),  This indicates that hiemoglobinuria, which frequently oceurs as a terminal
event in M. mulatla mulatta infected with P. knowlesi, is not duc to increased fragility
ol the non-parasitized erythrocyfes but perhaps mainly due to the excessive destruc-
tion of erythrocytes by plasmodia as suggested by Rigdon and Quattlebaum {1950},

Normal axiilary temperature of monkeys varied between 98'6 and 10578° F.
and anal temperature between 100°4 and 107°6° F. There was definite increase in
anal temperature by 07 to ©°7° F. as compared with the axilfary temperaturc and
the same in majority of cases was statistically significant.  Such differences
between normal, oral and rectal readings (08 F.—Thomsoen, 1953; 1°8° F.—Selle,
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ry33; ecour in human beings alse. A comparison of the pre-inoculation anal and

axilary temperature with the post-inoculation figures indicaied no corrvelation
whatsoever hetween temperature and severity of malarial infections in monkeys,
This is in complete agreement with the findings of Kehar (foc. cit}).

SUMMARY.

Total RB.C. and W.B.C. counts, hamoglobin concentration, saline fragility
ol cells, and body temperature were studied in a total of 29 S. rhesus monkeys during
normal conditions and also during prepatent and infection periods following
intravenous inocuiation of blood forms of P. inewlesi (Nuri btmm) parasiies.

Marked reduction of R.B.C. and hemoglobin concentration occurred during
the inlection.

Leucocyte counts revealed a mild leucopenia throughout the course of
indection,

There was no real change in saline fragility at any time during the ohservation

neriod.
Bady temperature was not found to be of any use to indicate the severity

or otherwise of malarial infection in these andmals.
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STUDIES ON NURI STRAIN OF P KANOWLES].
Part VII.

Comparative efficacy of the active metabolite and the precursor
(M. 3349) of proguanil.

BY

C. P. NAIR,

H. L. BAM!
AN
A, P. RAY.

{Malaria Institute of India, Delin.;

[March 7, 1953.}

Forrowing the obscrvations that proguanil {I}, though active in sive, was
inactive in vitro when tested against P. gallinaceum (Hawking, 1947 ; Hawking and
Perry, 1948} and P. cynomolgt {Madinaveitia and Raventos, 1949}, the question of
the metabolic fate of the drug interested many workers in the field of malaria
chemotherapy. This ultimately led to the isolation by Carrington ef al. (1951}
and Crowther and Tevi {1953) of the active metabolite of proguanil {11 from the
urine of rabbit and man receiving proguanil,  Preliminary studies of this compound
against avian and redent malarias showed high degree of activity (Jaswant Singh
et al., 1954 ; Krishnaswami ¢ al., 1953). In this paper, the results are recorded of
the testing of this drug against P. knowlesi (Nuri strain) which is highly pathogenic
to M. mulatta mulatta, and the same is compared to the activity of M. 3349 (111},
one of the precursors of proguanil.  The structural similarity of these compounds
(T and IIT} to proguanil (1), is represented below @ -
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L-p-chlarophenvk-2:4-diamino-1:6  2-pr chloropbenyl-guanidine-4 -
-dihydro- 6 : Gdimethyl 3 18 : 5 F-diethylamine-ethyl-mine-6-
triazine, methyl-pyrimidine

MATERIALS AND METHODS.

Nf-pechlorophenyl-No-
sopropvi-higuanide).

The details of the methods followed for the festing of the two drugs were on
the same lines as already described by Nair e al. (1953). M. mulalta mulalia
monkeys used for the experiments were young and healthy (weighing between
25 and 50 kg.) and negative for tuberculin test (Nair and Ray, 1954). These
animals were inoculated intravenously with five million parasitized erythrocytes
per kg, body weight.  Blood smears were collected both in the morning  and
evening, stained with J.S.B. {Jaswant Singh and Bhattacharji, 1944} and examined
for malaria parasites. Drug in suitable concentrations in liquid form (solution
ar suspension) was administered orally for seven days in single daily doses when
the density of parasites was o't to 1°0 per cent cell infection.  Different dosage
schedules were tried and all of them werc in terms of the base of the drug per kg.
hody weight. The minimum dose that was effective in clearing parasites completely
from the peripheral blood by the day fellowing the cessation of treatment, was
raken 1o be the minimum affective dose—Class 1T effect of Shannon {Wiselogle,
13463, Ifa monkey did not relapse for a period of one manth after the cessation
of treatment, splenectomy was perlormed.  If subsequently, no parasites appeared
m the peripheral blood for a period of another month, it was assumed that the
drug was effcetive in sterilization of blood-induced infection—Class HI eflect of
Shannon {Wiselogle loc. ¢it.).  Likewise, il the drug could only bring about a
significant deceleration of the parasites with the prolongation of the survival period
of aninals for at least theee days after the cessation of treatment, the activity was
considered as Class I effect of Shannon,  On the other hand, dosages thal were
:nsulficient o control the infection and to prevent death of the animal during
rreatmont period, were recorded as inactive (ineffective).

RESULTS.

b the trials with M. 3340, the dosages used ranged from 1o mg. 1o 25'0 mg.
por kg, body  weight of the monkey (Table I}, Out of these, no appreciable
differcnce eoubd be observed in the resuits obtained with the different regimes upto
20 mg.fkg., a5 cven with the highest dose, there was no cffect m one of
the monkeys tried. In comparison, 250 mg. produced Class IT  effeot
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in three out of five monkeys,  Of these, one died before and another immediately
after the completion of drug administration, and the third relapsed ten days after
the cessativon of treatment. Regarding the remaining two monkeys, once succumbed
during treatment hefore parasites could disappear from the peripheral blood and
the other showed Class T effect.  Death in all the cases was probably due to toxic
effccts of the drug. In those monkeys in which the elearance of parasites was
obtained during the course of treatment, the speed of aciion of the drug kad no
dircet correlation with the dosage. Parasites disappeared, in gencral, from the
peripherat blood of these monkeys within 48 to 144 hours, the average heing 97°5
howrs. Relapses in all these cases occurred within two ro twelve days.

Taprr 1,

Efect of M. 3349 against P. knowlesi { Nuri slrain).
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*Parasites were cleared initially within 72 hours but reappeared on the lasi day of drug

aduninisiration. . . L
tParasites cleared fom the peripberal blood initally within 60 hours, hut reappeared 24

fuiasrs fater, 0
$hwo died, one hefore and another alter the cessation of treatment {loxic effeei).

Efrotn rthe cessation of Lreatment.

Dosages ranging from 0°2 ta 35 omg. were employed in the case of the active
metabolite of proguanil for which a total of 54 monkeys were ntilized.  As conld
be seen from Table 11, the results obtained with dosages up to 5'0 mg. were very
poor when compared to those obtained with higher doses. Out of the 39 monkeys
utifized for testing the lower doses, the drug proved incffective in 26 animals. On
the other hand, dosages from 10'0 mg. upwards were effective In producing either
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Tasre 1L
Liffect of the active metabolite of Proguanil against P. knowlesi (Nuri strain).
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Class T or Il effect.  In somce cases, the parasites disappeared initially in the early
stages of drug administration but they reappeared before the completion of treat-
ment. Thus therc was mere deccleration but not complete clearance.  The lowest
dose that was found eflective in producing a Class II effect in all the monkeys
tested, was 3570 mg. This dosage, therefore, is taken as the M.E.D. of the drug.
The speed of action of the drug, as in the caseof M. 3349, was notaccelerated with
the increase in dosage, Parasites, in general, disappeared within 48 to 132 hours
with an average of 861 hours.  All the monkeys that responded well to this drug,
relapsed within a period of one to eleven days after (he cessation of treatment
irrespective of the dosage used.

DISCUSSION.

Minimum effective doses {MLE.D.} of quinine and proguanil to effect Class ¥1
effect, against Nuri strain of P, Enowlesi, have been recorded by Nair, Ray and
Jaswant Singh (1953} as 30°0 and 02 mg. of the base per kg, body weight of the
monkey, respectively.  In the present investigation, it was found that the M.E.D.
of the active metabolite of proguanil was 350 mg. Death occur red, in one monkey
that received 35.0 mg. of the proguanil melabolite, after the actual clearance of
parasites from the peripheral blood but it was not possible to ascertain whether this
was cdue to any intcrcurrent discase or toxic effect of the drug. In the case of
M. 3349, even with a dosage of 250 my,, which appeared toxic to many of the
monkeys, Class 1T effect was not produced in all,

The results obtained indicate that the active metabolite of proguanil is 175
times less active than the parent drog proguanil, and 0-86 times as active as
quinine against Nurt strain of P. knowlesi. With regard tc M. 3349, it is even
less effective than proguanil metabolite and in addition more toxic.

Proguanil metabolite (II) demonstrated a very flat dose response curve.
A shnilar defect was observed in the case of M. 3349 (111} also. These two
compounds, therefore, had to be tested with a large number of dosage regimes.
This fact, more than anything clse, establishes the desirability of having large
samples in the initial chemotherapeutic trials in animals and men.

Another peculiarity applicabic to both the drugs, though more evident in the
case of proguanil active metabolite, was the initial clearance and subsequent
reappearance of parasite during the treatment period m some of the monkeys
receiving the drug in doses appr oximating to their minimal effective doses. The
question of correlating this featurc with the potentiality of acquiring resistance by
the parasites, had alrcady been discussed by Nair, Ray and Jaswant Singh (1953).

The therapeutic properties of the active metabolite of proguanil vary with
the particular host and the species of the parasite against which it is used. For
cxample, this drug was reported to be 16 times as active as proguanil when tested
against P. gallinaceunt in chicks {Jaswant Singh ef al., 1934) and six times as active
as quinine when tested against P. lophuwre (Modest ¢f al., 1952). Krishnaswami
et al. (1953) observed that the drug on the basis of the dmdgt- reqmred to produce
Class I eflect against P. berghei, was just the same as proguanil in actvity. Tts
effect against simian malaria, P. cpnomelgt, was much less, heing only half to one
quarter as active as the parent drug (Schmidt ¢ al., 1952) The findings of the
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present investigation indicate that against Nuri strain of P. knowlesi, the parent
drug {proguanil) is 175 times as active as its active metabolite. Thus it becomes
apparent that however cffective the latter drug (11} may appear to be against
avian and rodent plasmodia, its action against simian plasmodia is extremely tardy.
1t will be interesting to know fa this connection the degree of effectiveness of the
active metabolite of;)mguaml against haman infection and to learn whether human
malaria behaves like avian or simian infection with regard to its response 1o
antimalarial treatment.

SUMMARY.

M. 3349 (the precursor of proguanil) and the active metabolite of proguanil,
have been tested against the Nurt strain of P, krewles? using 8o monkeys.

While the M.E.D. of the active metabolite of preguanil {II) was worked
out as 35°0 mg. of the base per kg, hoedy weight of the animal, the M.E.D. of
M. 3349 (IIT} “eould not be exas tly estimaced duc to the r:xtrcmf-iv tardy effect of
the drog and its comparatively higher toxicity. A dose of 250 mg. which was
toxic 1o some monkeys was not found suflicient to produce a Class 1 effect in all
the mankeys freated.

Roth the drags showed a marked [lat dose response curve and a tendency
to acquire resistance by the plasmodia when used in dosages approximating to the
M.E.D. of the drugs.
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MALARIA 1IN TRIPURA STATE.
BY
B. G. MISRA
(Malaria Institute of India)
AN
S. K. DHAR.

{(National Malaria Control Programme, Tripura Stale.)
[March 5, 1955.}

Ray ann Basu {1952), after a rapid survey, reported the high incidence of
malaria in the Tripura State and emphasized the need of adequate control measures,
Before establishing control as a part of the National Malaria Control Programme,
it was considered nccessary to collect further information about the extent and
distribution of malaria in the State, and the vector or vectors transmitting the
mmfection. The data collected during the present survey undertaken during
January to May, 1954, arc presented here,

TOPOGRAPHY.

Tripura ts a Part * C7 State in the Indian Union, situated between 22° 56
and 24° 31" N, and g1° 10" and 92° 21" E. It occupies an area of 4,116 square
miles with a population of 639,029 (Census Report, 1951}, About 1/Gth of the
total population is formed by displaced persons.

The State is bounded by Sythet and Cachar districts to the north ; Sylhet,
Tripperah and Noakhali districts 1o north-west and the west; Chittagong and
Noakhali districts to the south ; and Sushai and Chittagong hills to the east,
The State is practically land-locked. by Pakistan on all sides except to the north,
where it is connected with the Cachar District in Assam by a narrow strip of
land.

The State is mostly hilly and gradually slopes down from 2,234 ft. above sea
level on the eastern sector to between 250 and 486 feet above sea level to the west
and south-western sector, It is divided into a nomber of valleys by a series of high

(11t)
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hift ranges running north and south. The hill slopes are heavily wooded and
taversed by numerous stieams draining into the main water courses running
along the valleys.

The State is divided into 10 sub-divisions lor administrative purposes
{Mup 1). Agartala Town in Sadar subdivision forins the capital of the State.
Road communication within the State is poor.  Except for onc all-weather road,
running across the State conneeting Agartala with Karimganj m Assam, there are
just a few others which are only fair weather roads.  Hence any road transport
turing the rainy nonths is practicatly impossible.

Inhabitants.—-The population is scattered along the valieys and the hills.  The
hills are inhabited by several tribes, viz . Gonds, Khasias, Nagas, Kukis, etc.  There
is very little intercourse between the hill tribes and the people living in the
vafleys. The general health ol the people in the State is poor and the hill tribes are
relatively more backward all round.

Housing conditions.—The housing conditions, except in Agartala Town, are
extremely primitive and insanitary.  Houses are built of split bamboo mattings
which forim the walls, and the roofs are thatched with hay.,  Most of the population
in the State lives o scattered villages and there 1s only one iown, Agartala, the
vapital of the State. The village houses have hardly any windows.  Ventilation,
however, is provided for by a gap of about six to twelve inches on all sides n
between the walls and the roofs. -

Cultivation.~-Rain-fed paddy is the main agricoltural crop raised in the
valleys and along the hill slopes. Tea, cotton, and jute are also grown but to a
much less extent. The forests are exploited for timber and fire-wood.,

Climate.—Most of the year, it is hot and humid with a short mild winter
tasting for about two months in December and January.  April and May are
oppressive owing to cxcessive heat and humidity., The average rainfall is
101°92 inches, and varies from 46°go to 152710 inches. The rains are spread out
(rom March to October and are mostly received from the 3. W. monsoon,

Morbidity rates——Table T shows the number of malaria cases treated In a
few dispensartes of the State for the fast two years for which figures were available.
They arc tabulated by sub-divisions,

It will be scen that the peak is reacbhed during Junce and July., A slight
rise ts also noticeable during April and May, thus giving the usual appearance
typical of malarious districts of Assam and Bengal duars.

RESULTS QF THIE PRESENT INVESTIGATION.

Spleer survey.~—3 preliminary spleen survey ol 48 villages amongst 2,603
children from two to ten years of age in various sub-divisions of the State, was
carried out in two stages, the first during January to March 1934 of 20 villages and
the second during April and May 1954 of the remaining 28 villages. The results
are presented in Table 11, Splcen rates varied from 14 to 100 per cent. Sub-
divisional headquarters and a few semi-urban areas showed low spleen rates
which varied {rem 4 to 25 per cent, The average enlarged spleen was found
to vary from 1 to 38,
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Tasue Il
Spleen indices nmongst children.
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Malaria in Tripura State.

‘The villages located along the foot-hills and the hilly regions are generally

hyperendemic whereas those in vaileys are moderately to highly endemic.

Again,

amongst the villages along the foot-hills, those in close proximity of streams
showed spleen rates as high as 8o to roo per cent,

Pargsiie survey.—A parasitic survey was simualtancously carried out amongst

the children examined for spleen.

Tanre IIT.

Parasitic indices amongst children.

Table IIT records the parasite rates and the
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distribution of different species of.maldfia. parasites. The highest parasite rate
recorded was 59 per cent. Plasmodium falciparum was found to be the predominant
species and constituted 617 per cent, whereas P. vivax, P. malerie, and mixed
infections of P. wivax and P. falciparum, accounted for 36-0, 125 and 08 per cent
respectively. i ' ol

Infant blood examination.—Blood smears from as many infants as possible,
hetween one month and two years of age, were collected and examined.

The results of the examination of 394 infant hload smears from 35 villages
are recorded in Table IV. Infant parasite rates varied from o to oo per cent.
The villages in the foot-hill regions, adjacent & stréams, showed the highest
rates. The lowest rates were recorded from villages +in the plains. Here again
P. falciparum was the most predominant species with, 15]3 aer cent while. P. vivax,
P. malarie, and mised inféction of P. falciparuti ‘and P. vivax, came to 37 per cent,
3’4 percent, and 2'3 per cent, respectively. e Lo

- . LA Ty

S TABLE TWeedarl i

Infant parasite rate.
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: i | H
Sonamura | 34. | Sonamura Eon { : i
; f I i ; !
45, ¢ Bortali .- f | !
 Total o dase | oso | 226 s D33 | 3 ) 2
| Per cent i i | B73) 1 87 | (34) | (2%)
B i H . 1 } L

ANOPHELINE SURVEY,

Adult mosquito collections were made in almost all the villages visited for:
splecn and parasite surveys. Routine weekly collections of anopheline adults
were, however, made from fixed catching stations in a number of villages where
sinmlitaneous studies on the period of residual activity of different dosages of D.D.T.
on locally prevalent different types of wall surfaces, were in progress.
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The following adult anopheles mosquitoes were collected and identified -

A. aconitus A, hyreanus

A. annularis A. jeporiensis
A. barbirestris A. minimus

A, culicifacies A. subpiclus

A, fluviatilis A. vagus

A. fupiatilis and A. hyreanus were not recorded previousty by Ray and Basu
toc. ity whereas A. kecki reported by them, was not found in the present collec-
ton. Thus the anopheline fauna of the State so far recorded consists of eleven
species.  OFf the total collection of 1,508 anopheline mosquitoes, the percentage of
different species caught is represented graphically in Chart +. A, minimus formed
13 por cent of the total catches.

Adult collections were made from human dwellings and cattlesheds. The
fruman dwellings, most of which were of one or two room tenement type, had
smoke from the oven as an ever-present deterrent factor and in the case of the
cattlesheds, they were mostly open on the sides. A number of those best
suited was, however, sclected as catching stations for routine mosquito catches.
All A, minimus wmosquitoes caught were only from human dwellings.

BREEDING PLACES.

Though systematic larval colfections were not mads during the present
survey, the types of breeding places met with are enumerated below :~-

1. Tanks or ponds.—They were present round about some villages and
were all rainfed. These were mostly meant for household washings, ctc., though
a few appeared to be used lor irrigation purposes as well.

2. Swamps and seepages.—Thesc were plentiful and usually contained clear
slow moving water. A great deal of grass and swamp vegetation, affording very
Hittle shade, was found in those areas. These constitute ideal places for the
breeding of 4. minimus.

3. Rivers and streams.—Innumerable streams emerge out of hill ranges and
drain mto the bigger rivers. These streams with slow running water arc known
as the favoured breeding places of 4. minimus.

4. Borrowpits.—These were encountercd mostly along the road sides and
were in formations., A few of them were examined and 4. vegus was the most
predominant species found breeding,

5. Bamboo reserves.—-Various bamboo reserves were scarched for larve
but no evidence of breeding was encountered.

6. Waler collections in dense jungle.——A few of thema were scarched for
anopheline Jarvae,  One stream with partial shade showed larvie of 4. barbirosiris
and 4. hyrcanus only. '



r21

Misra and 5. K. Dhar,

B. G,

CHART 1.

PERCEMTAGE OF DWFERENT SPECIE S IF MOSQWTOES

TG TOTAL COLLECTION

T R RN

SNDwYA ¥

mm:kuﬂamnm w
% SOWINIW Y
m SISNANOMAIC Y
m SONY 2B AM 'V
m SHLVIANYS v
m SHIYAIAD ¥
§ StussoxniBuve'y
% SIHVYINNNY ¥

m SNLiNODY ¥

oy

FO 4

g GO

. 50+

oy



Malaria in Tripura State.

e

DISSECTION OF MOSQUITOES.

Mosquite density during the period of the year the survey was carried out,
was very low.  Moreover as the places from which the mosquitoes were collected
were at a great distance from the field faboratory, a number of those caught, died
during transit.  This accounts for the smsll number of mosquitoes dissected,

='CSI.I?1‘.S of which are presented in Table V.
TapLe V.

Results of dissection.

L Number NUMDER POSITIVE | !
Spueies, dissected. | T ——| Percentage, I' Resulis,
A . Gut_j Sland | S
1. annalaris T 13 J I’ j
1. sulictfaeies 1 i i j
A duviatilis - e H ; . f ’ E
A wepporiensis § 2 \ | I’ [
A aconitus & r { i |
t. mindmus 99 I I 2 E ;

Of the 99 4. minimus dissected, 81 specimens were caught at Hawaibari, a
vittage at the foot of Buramurra Range of hills, on two consecutive duys. Of the
72 mosquitoes dissected from the first day’s collection, two specimens were found
nositive for sporozoites (Misra, 1954)-

PRECIPYTIN TEST.

The source of bDlood meal in 21 4. minimus has been determinzd and che
sosidty are presented in Table V1.
TasLe V].

Resull of precipitin lests of mosquilo blood meals collected al Tripura.
Number of

atee of | !

“'M‘N“U : Place of ' ?‘m' 0_[ i blood meals Man 4 | Cow 4 Renarks,
species. |, capture. ‘ capture, 1 T i i
i ; reated, | : |

s i H — e O | o e
1 mintmus | Hawaibari | May 5, 1954 | 21 | 9 1 2 !
[ N E S

DISCUSSION.

From the data presented, it can be seen that the arca as a whole 15 endemic
tor mularia,  There appears to be a close relation between the degree of
codenicity and the proximity to the running water courses.  Slow runninyg streams
heing the favoured breeding places of 4. minimus which is the local vector
pecies, such a distribution is to be expecied.
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In vicw of the fow density ol all Anopheles population during the period of
survey, 1t was not possible to carry out extemstve disscction of all species of
mosquitves locally prevalent.  The terrain in the State is closely similar to the
hill ranges and fool-hill regions in the adjoining States like Chittagony hill tracts,
Assam and Bengal Duars. A, minimus has been established as the principal
vector in these areas, and the finding of two specimen ol this species d. minimus
with positive salivary glands, is indicative of the rale played by it in Tripura,
Whether any other species s also responsible for malaria transmission, particularly
in the areas along the valleys, has yet to be determined and this is possible only
when large scale dissections of all the probable vector species present in the State
are carried out for at feast one full season, '

Contral measures.—No concerted ellort to control malaria in the State was
previowsty atterpted. With the inauguration of the National Malaria Control
Programme { Jaswant Singh, 19537 in April 1953, the State has been allotted one
Uit to protect five out of six lakhs of poputation.  The unit staried functioning
from the cnd ol 1953 when only a few villages in the vicinity of Agartata Town
woere taken up for DULE. spraying, During the current vear, the entire State ts
proposed to be sprayed with DUILT. Since efective contrad of A, mintmus has been
achieved {(Puri and Krishnaswami, 1947 ; Keishnaswanmi, rgg2) with D.DT. in
Tndia, it is hoped that malaria in the State will be ellectively controlled.

SUMMARY.

graphy of Vripura State s simoddar to that of the adjoining States
ke Chittagong hills tracts, Assam and Bengal Duars, and naturally the fauma
are wore or less the same.

2. The State s poorly developed iu so far oas road  communication is
concerned.  There are a few fair weather roads and henee inter-conimunication
during wet wnonths, is extremely diflicylt.

1. Lxeept Jor a few thickly populated villages in the pladns, the entire State
ivomare or fess hyperendemic for malaria as deterprined by spleen and parasite
SFVeY.

. The EUJ'}{}Q'

3. Bleven species of annphelines have so far been recorded.
5 Lbomgrimay has been incrimiated vector for makuia m the state.
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MALARIA CONTROL IN LOWER BHAVANI PROJECT
HEADWORKS, COIMBATORY DISTRICT,
MADRAS STATE.

By
H., SUBRAMANIAM,
Meadtic Officer, dntemalaria Scheme, Lower Bhavani Project.)
iMarch §E, 1855,
INTRODUCQTION,

e paper sunsnzes the results of madaria controf measures adoped in the
Lower Bhavani Project Headworks arca during the years 1949 to 1953 when the
Lower  Bhavani Dam was wuirder construction. The  cntire cost of the
antimalaria scheme  was borne by the Lower Bhavani Project Engineering
Authoritics.

Arising from the eastern slopes of the Western Ghats, the River Bhavani
mwannders through Commbatore District of the Madras State, and joins the River
Cauvery below the Metiur Dam. Ttisa percunial viver, draining an area of about
0,620 square miles subjected 1o both the monsoons {(Map 1.

The Lower Bhavant Project comprises the construction of a dam across the
River Bhavani jost hejow its confiuence with the Moy River and taking of a new
wrigation canal, about ryz24 miles long, from its right flank. The object of
construction of the dam is primarily to impound food water for irrigation
purpases, and  the development ol clectrie encrgy 10 the extent of 10,000
Kitowatts ts only secondary and scasonal.

The site chosen for the constructon ol the dam is in Gobichettupatayam Taluk
of Cotmbatore Thstesct aboat 22 miles from Mettupakayam Railway Station on the
southern Railway.,  The dam is over 51 miles Jong with a capacity to impound
about 28,000 million cubic leet of waler and o waler spread of about go square
reeifes,

The new canal tiking ofF frons the dant raverses pirts of Gobitchetttpalayam,
Bhavani, Lrode, and Dlaoapuram tduks of Coimbatore Disteiet and Karur Taluk
of Trichinopoly Disteict, and will bring 2,07,000 acres of fand under irrigation.
About 10,000 acves will be under paddy while in the rest of the arca, dry
rigated crops and cotton will be raised {Map 2},

195 )
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Map oz,
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Tt is expecied that as a vesult of this projecr, the annual yield of food-gratns
will increase considerably hesides producing farge quantitiss of cotton.  Further,

the canal will afford reeliel” to portion of Dharapuram Taluk of Coimbatore
District which is av present frequently aflected by famine,

The estimated cost of the schieme Is g5 croves ol rupees,
PREVIOUS HISTORY O)F MALARIA IN THE AREA.

Duiring the year rgq7 -4 year prioe 1o fhe commencement of construction of
the dam-~the area  was sarveyed by the Regional Malaria  Organisation,
Coimbatore.  The spleen rates, recorded n the villages around the dam site, were
as follows (-

Kothamangaton L 12 per cent
Puagar L rey o, -
Bahaduthurai o, v
Vadavallt ... 1'% . .
Karapuram . a0, .
Peerkadavu o . 297, .
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tn o village, Pungar, the Regional Malariologist found 100 per cent adult
spleen rate, the eight adults examined all showed large hard spleens. Cn enquiry
by him, it was found that these people contracted malaria in Thalaumalai, near
the K()H(‘qai Hills, where they had migratea for work, These persons op return
constituted the main reservoirs of infection.  As A. eufictfacies, the vector o these
areas, was prevalent in large envugh onwnbers, the Regional  Malariologist
smphasized that epidemics were Table to occur if malarial control measures were
aot taken in the arca.

An antimalaria scheme was conseqguently sanctioned by the State Govern-
ment o profect the health and wellare of the staff working in the Project
Headworks, and the scheme was pui into operation i 1944,

TOPOGRAPHY OF THI HEADWORKS AREA.

T'he duasn site s close to a small vitlage on the eastern slopes of the Nilgivis
ar the Blue Mountains. The altitude of the place 15 about 8r0 fect above the mean
sua tevel, To an extent of three ov {four niiles all around this site, there are some
seven or cight villages and they are very sparsely populated.  Main occupation of
ihe people in the locality is agriculture, grazing of cattle in fhe hilly, and the erops
raised there arc usually millets, chillies and tobacco,

SOTL. AND DRAINAGE.

Fhe soil s generally gravely loam in the area under study. The eountry
an cither side drains into the river. A few small streams join the Bhavani River
a1 this area after this river is itsell joined by its main tributary, the Movar River,
Poot formations are common in the small streams during summer raonths.  The
subsoit water table in these localities varies from 1o feet to 35 fect, as ascertained
from a number of agricultural wells over different months,

POPULATION.

Fhe Jocal population in all the villages round ahout the dam sie was
negligible when compared to the large in‘lux of labowrers who come in connection
with the dam construction work right from the beginoning,  After reachimg a peak
figure of about 40,000 during the year 950, the strength gradually came down as
the work drew 1o its final phases,

A very large number of non-skilled and skilled labeurers from this and the
stirrowading (llstnuts found cmiployment mainly in the first two or three years,
The ¢ Dddare® and ‘Boyzm" the noted stone workers from Coimbatore and Salem
districts, and the fine ¢ hisel dressers from Madura and Tiwnevelly districts, helped
ur the dam construction work.  People from the (L(ljmnms-_ district of Mal: lhd! and
1 large number of ex-army men found cecupations as drivers of heavy and other
Cay Eh. -moving machinery, mechanics, fitters, cte.  Many of them were pr._.opl(‘. from
highly malarious tracts.
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HOUSING.,

To accommodate the various classes of workers, very rapidly a town came
into being—rthe township of Bhavanisagar-—with a large number of pucca buildings
aud numeroys other semi-permanent and temporary quarters.  Besides, many of
the abourers construcied their own huts with whatever materials they could get
and in close proximity to varions work spots,  Usually these were put up near
some water-sources Hke steeams or agricultural wells. Some of the workers Hved
in the existing villages in the neighbourhood,

The type of houses may be broadly grouped into three classes @ -

ey Pucca houses in dhie main camp.

(b Temporary sheds pui up departpentadly, both o othe main camp area
and ncar several work spots.  These had mud walls with either thatched
roofings or roofs with galvanised iron sheets,

{e) Huts put up by labourers themsieves,  These were just conical structures
made of twigs and leaves with pactically no walls,

METEOROLOGIUAL DATA,

Rainfall —-In the area under the project, there were Shree rainfall recording
stattons and the avarage ramfall) vecorded daring the dilferent seasons over a
number of years, was as follows :—

AVERAGE BAYNFALL (INGIHES)

LN 5.W, a N.E. Oiher I'etal,

FREHDITSOT . INOIISO)TL. : In()lllils.
"t Sathyamangalam T e e see s
2, trobichetupalayam ‘ 1037 : 1215 T34 I 29806
3. Brode LU b s P65 L2005

Alter the conpmencement of dawe construction, abservations were nade and
recorded locally, and are furnished i Table 1

Temperature and immidity. - The chinwate of the ared i nou subject o extremes
ol'heat or cold and the scasons are not well marked,  The monthly mean maximom
and minimum temperatures and mean relative humidity are given in Table 11
The maximum temperaturc is asually recorded i May or April; and the lowest
in December or January,
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Lalurmnn | = Maximum degree F.

I coml,

Coluimn 2 = Mimun degree
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Tasire L.
Rainfall in inches.
. YEAR
Month. — e R, [ -j-- -
1049 (RO AT :
i e e e ] i e o P
Janvary i (e 370 i -
Felrwary F N RE3-3 ] [T ; [ERN}
darch Poreceived ARt 1D ' LIRS
Aprit [IRMH] (HENIT] UG
SMay l B0 240 $e4T . e TH
June i e [R0] ISR : n:
Inly ! : ey AR ; -1
August e FRT R : "-
september e (b= 08 LAY : [
Dhckober . -3 483 4
November : 44 773 , i
December I u-u2 LRt i BRLE:
e I L -.....!..__._-._._._._._i_._ o
Totad e i0-77 . 2778 [ R E
Tapnbe ).
femperaiure and fumidily,
' i :
: 100 (DB a2 i b I
onthly mean. | Monthby naean, Mowthly mean. 5 Konthly mean,
“omb, e e e U
2 ! i l ! b [ i ros2 b
—— - _._...___._; ——— —— . : e RS :. — i SR ___: ——-
Lavuatry 5795 337 | 018 | ST BB T3 | 85 KSR
Rehegary L. | 0906 | 8203 J The ~ 015 1wl 732 T5s t NEe2 68T s
: ! i ’ ) !
Mk 975 xa-s 6t Loree D95 TR FTO b asen T Tt T
i I , i ; ;
il A2 RTOL L A00T 062 TR 32T i enes soe2 | 677 RO
! : ! i : = ; | | :
Sk ;[:l[-;} Hii- K | B T TN | TS [ten ! Bl ; S 1 | LRG0 B
: ! 5 : i
g IR B E Y R LU R I A S vk R R KA i Wi 7 ‘ T2 LA L8550 T8 T B
A R R A R
pfy EORCN RN | B60T L G20 ] TEeG g2 i ERSTINIPE S SR T = I | THe2 L g
| ! | i :| I ._ =| |
S AN RIE L GT-H - T4 'l [ Y ; 9E-8 T8 G2 | R R ]
| | i : ; ! ! i i :
soprember R0 R34G ] G4 9303 l S SR (LES- R [ | : 786 86 | 9015 H20 - 4
. . i ? : : i i :
Edhipabar L P B AY N T TAE [0 TG4 830 022 0 T5 Y 393 | 807 750 T 8O3
H . i ! : H i . H H
: : L : o . | L -
Moevenber S04 07060 T8 8745 B I S R F 735 | FLUR SR TN S R B I
Pheccusher %07 5 795 ! 668 36°7 LO6 K B10 8608 T I RES 86 7607 67
! ! i i ! ‘ : ! i

F. Colamn 3 = Relative humidity,
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ANOPHELINES OF THE ARBA.

Fhe copheline fruama of ihe svea wee very hiiced being only (L ecwdicifacies,
dosbpictus and L ovegns. Rarely o lew specimens of L1, stephensi, A, hyreanus and
A. pellidus were mey with,

The main breeding places were smadl pools i several small streanmys which
Jotn the two main rivers—Bhavand and Moyar, The rest of the breeding piaces
moluded hovrowpits created e the carth dion, quarry pits, stagnations around
and over masomy dam, ornamental and cement cuving tanks, wells, ete. This
dam bas two pecallur featares, namely, it is mainly an carthern dam and is
practically the Tongest dum now completed in India,  As much as 161 million
cphic feet of carth has gone into ity eonstruction, apd as this huge gquantity of
carth was mostly taken from the sabmergible aren of vhe dan, it s not likely to
feave many borrowpits as a future probici, Subjected as the area was to DJILT.
control, only a smadl number of A, addicifacies was dissected with no infection
vither in gland or gut.

EPIDEMIOLOGY OF MALARLS IN THE PROECT ARBEA,

Farge enginvering works, cspeciatly those conpected with the viver valley
projects, are usually associated with explosive outhieaks ol wakaria, sometimes
paralysing the works, as the following vew additiona) Fctors come into play,
namely (1) o sudden and cnormous incrcase m the local veators (it not adequately
controlled) as a vonseguence of the incrg

ase iu the beecding places-—borrowpits,
quarry pits, diversions of rivers and streants in several different ways 1o suit works,
cte, —which are incidental and wavoidable to sucls engineering works; iz} intro-
duction of buman ol carviers and suscepiible pooulation amongst the
severad thowsands of fahoweees imported from vatous places ;) it} conditions of
hard work, physicad straig over-crowding and poor housing conditions.

Bused on o previons stady of malapin eprdeniofogy b the area, the Jocal
vecbor is presutsably cL eudicifacies. 1 is ou ubiguitons hreeder ocenrring i ntost
sype of waters,  Gametncyle carriers oo wore not wanbing in the _m‘}pt‘)ri.t‘.cl
poprilation. Owt of the 238 blwad smeass frone aduls labourers down with fever,
72 showed madacia parasites, mostly £ fafeiparum.  Local transmission season for
malaria appears to b e wet cold months of ihe vear when radnfall and
atmosphieric conditions are fivonrabla foe breeding and longevity of the veetor
HIosgutloes,

CGONTROL o MALARIN IN PHE PROJEGT AREA,

As ono risks could be ke with the popaiaton aployed i the speedy
execation of the dion consiruction works, an ati-out effort was made from the very
heginning to provent and control makaria by adopting antiadult, aniilarval and
antiparasitic measares, The Health Officer was assisted iy this work Dy one health
mspector frained in malaria work, o liboratory assistant aad onc or iwo ficld
assistants {nsect collectors), analaria mistey and six to elght fGeld  workers.
tndoor residual spraying with D.1VF, was the sheet anchor of nuldaria control.
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Grreater atlenion was paid to actnal control measures than to investigation of
madaria in the area. The main camp and the inmediately adjoining smaller camps
were given six to cight rounds ol spray w intervals of about six weeks all round
the year, while the p{*flph(‘l al groups of villages were given four ar less rounds
during the transmission season only. The arca under control was about 25 square
miles and extended wherever new huts were put up of now breeding uandlf!ﬂns
were orcaled, like extensive quarrying, otc.  ‘Twentyfive per cent B D.F. {70-80
para para) in aromex soap emulsion, was used. In all) a total of 66,834 structures
were sprayed il the end of December 1953, Cattlesheds, disosed and partially
dismantled houses were also sprayed.  Whenever there was a hreakdown in the
supply of commercial D.D.T., Geigy’s watar wettable powder 50 per cent was used.
By the middle of the year 1{)33, ree supply of D.D.T. under the National Malaria
Dontrol Programme was made available. The number and {requency ol sprays
that cach structure received varied according to its nearncss to breeding grounds
and based also on entomological observations. A dosage of 50-60 mz. of DLD.T.
per sy {6 was adopted.  The “ Little Giant ™ pumps supphied by Mvers Co, Lid,,
Madras, were used during the later period of the project and were found wseful
tor application of the correct dose.

With a maximum of eight feld workers, employed on a1 monthly basis, the
spre area was covered with no wastage of manpower o any undne haste.

Antilarval measures, mostly against calicines, were also adopted  and
atensified whenever there happened to be any breakdown i the continuity of
supply of DT, for residual spraying.  Waste engine oil, available in good
guantities focally, was used with one to two per cent DT, Purds green and
gammexane P 520 were used as larvieides in places where oil could not be used.

Proguanil, in selected areas and under certain conditions, was administered
sostly for clinical prophylaxis and occasionally for clinical cure

RESULTS O MALAREA GONTROT.,

Pl aeeo vomined vonmarkady tree Bom any locad traosostssion of walara
i.iu'uug.'il-.ml the poiriod.

{a) Incidence of malaria. --Hospital figuves {Lower Bhavint Profect Camp
‘iusl)llal) relating o the ll](ld( ace of malaria in the main canp and adjoining
areas for the years 1949 to 1953, arc furnished in Table 111,

Vasre 11,

Lower Bhavine Project Camp Flospital fisures velating to feldence of malarip,

Yenr Lotak irdrrission ;o Cases treated Perecirtuge of

T under all causcs. tor malaria, - Colun 3w Cobaun 2.
140 1 TRIT | 356 ) 33

1950 i [S Bl %] , 120 23

1951 ! 14,430 i 297 PG

1952 : 15,235 i 16K [ o

1953 4y

15,773 148
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As the hosprtal itsell came o being only in convection with the project,
the figares [or malaria cannot be compared with any previous fligures.

The pereentage of malarin cases to total hospital admission s a nwore
simsitive index under project conditions wheve tabour stength is @ widely
fuctuating one,  This figure was adways Trw.,  There were 1o cases admitied as
mpatients in the hospital nor any death was recorded due to malacdia ov its
complication.

{b) Spleen raies.—A quarterly survey of all the children, between two and
wen years of age, was conducted and the results are furnished in Table TV,  When
viewed against the background of 10 to 20 per cent spleen rate that prevailed in
the area before the engineering work and malaria control works were started, the
zero spleen vate at the tail end of the project work during 1953 speaks the elficacy
of the control measures.

Tanre IV,

Spleen ratzs.

Number found with Spleen rate

Year. © Number of chuldren %
) exanined, 1' enlarged splecn, lper cent.
T 3 "'llf;“ _1: - - BTG 1 23 T w‘_;; (i T
T} i THE l 24 . 38
195§ ; 5,485 ; 7 f 05
1952 : 1,150 ; ) 08
1953 : 243 Nii Nil

{c) Parasile rafe.~—A total of 758 blood smears of children in the project area,
between two and ten years of age, were examined during 1949 to 1953. The
parasite rate has been getting progressively low as seen in Table V. In most of
these cases, the parasite was P. falciparum,

Tapre V.

Parasite rale.

B i
* B

Year, i; Number examined.  Number found posis Parasite rate
: ;livc with ;Jlnslnodia,j Per eent.
) 045 | 231 TR 65
1950 " 216 11 | 501
1951 120 t ; 08
1952 f: 180 Nil r Nil

053 13 Nil ; Nit




o Malaria Control in Lower Bhavani Project Headworks.

“dy Anopheline density—Though not strictly comparable in alt respects, a village
o the other side of the Bhavani River, opposite the main camyp, was selecied for
abservaiions on the anopheline densities and was left unsprayed.  Observations
carvied out during the year 1g52, both in U controlled ares and in the comparison
village, ave given in Chart 1. Density of AL edicifacies in buman and mixed
Jwellings per 5 man-hours are also given. Chart 5 well iostrates the remarkable
rednction in L erlietfucies density o the sprayed arca.

CHakr 1.

Lower Bhavani Headworks

Y95z,

Pepsaty of AL cuticifacacs euoopdrefled and conipariso aredi.
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FINANCGE AND CGOST OF MALAMIA CONTROE MEASURIES.

The health officer was in charge ol general health and sanicuion measure
and abso responsible for malavia contol work,  The total cost {or public health
incasures including malaria, for the pertod 1948-449 to December 1933, was about
Rs. 1,571,653 which forins o003 per cent ol the estimared cost of the dam, Thic
wast 15 given in Table VI, wgcther with the population henefited and /4) cast per
capita per vear for madaria control and () anoual per capita cost for other
general health neasures, epidemic coutrol, ete.
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Tanne VI

Cost af publie health measures and of muioria control,

!
: P Cast of general Closo per amnam
. { Clost of walarvis headids svasures per eapita for
Year. o Fopulaton control, aml other malaria control
benefited. {Ruapees). - epideinies, e, only.
! {Rupees) (Rupees)
FHE-19 : Dictails not available i Tutal s, 3,984/-.
: | : !
L4050 : snpon P 1,545 ‘ 10 634 : 028
1 . :
Lii -3 | : ERRIU T (LA BT S 2,04 : o34
. i i i
1352 : snoog 17,000 13,610 ! 5
: | : !
; i ; !
H32-53 i 2 (RS H A 11,053 i LERNTHA
] H i
3 :
1953-54  § iLa00 | 4,316 1,450 *
‘Up o Decembet : ; i
1953 enet.) | : i

_ The annual per capita cost varied from Rupees 026 dwing 1949-50 to
Rupees 068 during 1952-53 and has securcd full and complete freedom from
malaria.

SUMMARY.

AN aceonnt i given ol the madarid condibops e control micasures
adopted 1 Lower Bhawani Project Headworks area, Coimbatore  Phstrict,
Madras State.

2. Prior to the commencement of work, malirta was moderately endemie,

2. The resudts of madaria control measures, primarty with indoor residual
sprayimgs with 1DLD.T. are discassed.

4 The annual per capita cost for malaria codrol in the project, under
conditions existing there, is frnished.
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OBSERVATIONS ON THE TRANSMISSION OF MALARIA
IN BABINA AREA, JIHANSI DISTRICT,
UTTAR PRADESH.

BY
Major PRITAM SINGH, a.m.o.
{March 11, 195a.]

Tue obscrvations recorded were carpied out daring the perniod June to
September 1g53.  The area surveyed is 4 by 14 miles and includes Babina, Hirapur
and Raipur villages.  As these villages have been under partial malarial control
for the last ten years, the investigtions were extended to Manpur and Chakarpur
villages which are 24 and 4 miles, respectively, from Babina.  The former village
depicts the true picture of Babipa and the latter that of Hirapur and Raipur
vitlages.

TOPOGRAPHY.

Babina vilkage is 16 miles from Jhanst on the Jhansi —Saugor road. The
militry camp arca ts three mites Tong and on an average half a mile broad. The
rerpain 1s uneven and is bounded on the south apd cast by a range of low rocky
hillocks.  Rain water is impounded by the construction of earth dams in the gaps
between these hillocks.  The reservoirs thus formed are wtilized {or irrigation
purposes through channels which traverse the arca.  Below the dams are seepage
outcrops.  On the north of the area flows the Gurari Nalu which runs a tortuous
vourse and has abundant rank vegetation along its banks.

In addition to tanks, the source of water supply is from shallow wells, a large
number of which are situated in the cultivated fields, The water from these wells
is Klted either by a primitive type of carthen pot persian wheels or by charsa.

The main crops during the rainy season are paddy, sesame, maize, Kodo
CPaspalum scrobiculatum), pulses, ete. Kodo is the chief common [ood.

METROROLOGICAL DATA.
The maxtinus and minhnum temperatires, refative humidity and vainfall
were recorded from June 1953 to January 1954, In June there Is extreme dry
heat, the highest maximum temperature of 1137 F. was recorded on June § and r1.

The coldest months are December and January when the temperature falls to 50° F,

{137



(98 Observations on Transmission of Malaria in Babina Area.

‘Thi: total rainfall in 1953 from June to September was 3112 inches, sut of which
v precipitation of 1794 inches occurred during July., The average relative
hamidity during these months ranged hetween 70 and 8o per cent.

SPLEEN AND BLOOD EXAMINATIONS.

‘These cxaminations were carried out in June and in the last week of
Sepiesnber. The results are shown in Table T and Map 1.
Tasre 1.
Resully of spleen and blood examinations of children belween two and len pears.

Junc TU33,
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The low splecn mdiees i Hitupure, Raipur and Babina villiges ave due
to srakavia control dndoor DAXT. spraying} practised in s arca for the lust ten
vears,  The indices in Manpur snd Chakarpur villages, which are not affected
by this facior, reveal the true malarial endemicity in the arca which can
be classified as highly malarious. The rise of indices i September is obvious,

The species of malaria parasites Tound were three 2, wivax and twelve P,
Jatciparam out of 70 biood shides examined.

ADULT ANOPHELINE COLLECGTLONS,

The nverage weekly catchwes of E aulweigaeres, L anundersy and the wotad ol all
speaies are shown in Table Vo The other speeies, except AL subpicius appeared in
small numbers. Threee d, furkloadt were collected durving Jone and one 4, hyreanus
during September,  Specimens of L. stephensi and LA pallides appeared ofl and on,
One specimen ol . fsiafitis was also canght.

I Hivapur, Raipur and Chakarpue, the villages on the Guran Nala, A,
cuticefacies was the predomimant species, and . amwfaris was found o very smalt
nuwmbers,  In Babima and Manpar, near the tanks having cultivation of frapa,
A annnlarts dominated (he carch. In Babina, o, cdlicifacies was o rarity, due to
arval control particnlarly applicd against this species. Tn Manpur Village, the
adalt density of this species was approsimadely one-thivd oF that in babitations
lovated on the Guarari Nala,

Fowas interesting (o note that o spate in the Gurard Nadaoon August 14 and
15, caused 2 marked reduction i aduolt L eulicifacies density during the week ending
August 22, 1655, This provides corroborative evidence ol the source of this
species from the naka.

Precipitin tests couried out on 1gg L candaris by convtesy ol the Director,
Madarin Tnstitute of India, showed o huoman positive pereentage of o,

DESSTCTTIONS,

Resalts of dissection are shown in Table 11 Bodh 0L eelicgfacies and A
annularis were found with gland infectionss and are the vector species of the area,
In Hirapuy, Raipur and Chakarpur villages, 4. calicifaees s the principal vector
species and AL anandariy is not considered to be an eflective carrier due to Jow density.
In Bobina and Manpnoe villages, A anendaris s the importans vector species. The
part played Ly L calicifacies In these villages depends on the numerical prevatence
of this species.

it is noteworthy that (b crdwifacies kept in cages in Taboratory lor dissection
died 1 large numbers. During the fist 24 hours of capiivity, mortality rate of
over go per cent was repeitedly obseeved among A cuficifucies whercas among
A annnlarts kept under similar conditons, the rate varied from 27 10 43 per cent,
thus proving that 1 anselaris is o longer-lived species. This [act would appear to
he of importance for the species as a carvier ol malaria.
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TasLe IL

Jveruge weekly anopheline collections for FJuly, August and September, 1953.
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Collection stopped.

Taser TIT.

Dussections of A. culicifacies and A. annularis.

Hravur, Ratbr AND CIHARARPUL VELLAGES

| A. eudicifacies.
. ‘ sy e e e
Mt;l:ﬁ;lrﬂnd ' Number | © Number @ Number |
’ (liv.sm;lé-d o Number o dissected with . Tafeetivit
i F(I)Irwm.t with gut - for salivary |! sporozoites Fate ¥
; inff‘cl%’ons infeclions, | gland | in salivary | b
: ’ : I infections. il glands.
1953 ! . . ! L
buly i 23 ; 0 i G4 : 1] ! iy
Avigust | i o {130 [ i 7T
Seprember I £ [C | 214 i 4 i 104
Total l 51 ot 408 i 3 ST
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Tanegy 1~ Concld.)
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R pecimens esleeied from Babina, Epechmens colleeted from Aaopae.

ANOPHELINE BREBEDING PLAGES.

Shoard Nafe,  Puving Juue, the bed of the wada had woseries of pools i which
A subpietus was profasely breeding. Rave specimens of A, sudicifacies and A. stephensi
were abso foand, From July to September, the nalu continued to flow and out of
f,500 tarve examined, gf per centCwere A, cublaifacies and two per cent A subpictus.
Phis nale is the bisgest source of A, culicifacies breeding.

Tanks.—-These can be divided into two groups,

) Those with cultivation of waternut of the genus frapa {(Singhara) and also
naturadly growing aquatic weeds,  The surface area of two such tanks in Babina
Viltage 15 300 acres. Along the banks of the tanks, larvae of A, enficifacies, A.
subpictus, and A, ammdans are found, while away {from the banks only d. annularis
breeds profuscly,  Qut of 300 larvie examined from these Ginks, 92 per cent were
Ao anmdaris, two per ceat AL subpiclus, four per cent A, culicifacies, one per cent
A Ayreanus and one per cent AL pallidus. The largest omtput of A, annularis is from
these tanks.

(i) Along the hanks of tanks containing a fde or no aguatic weeds only
scaunty breeding of b enficifacies and A, subgrctus s Tound.  Tn the last week of
September, afew L. annedaris Tarvie were also collected along the portions of banks
with weeds.

Paddy fields.--The species found hreeding were A, aumlaris, 4, culicifacies,
Aoosubpictus, A, hyreanus and A, pallidus. A eadicifacies was found either when the
plants were less than ninc inches in height or along the marging of ficlds. A,
annpdaris was completely replaced by L Apreanes when the plants grew to a height
af two and o hall fect,



t gl Observalions on Transmission of Malaria in Babina Area.

Tl other important breeding places of J. ruhujmm dl‘t‘ seepage arca drains,
tregavon channels, small nalas and wells, and those of A, anuularis, borrowpits
andd channels with aquatic vegetation.

PHSCESSTON.

Prior to this survey, no dissections were carried out to inertminale the vector
pecics in this area bt AL calreifocies was presumed to be the veetor,  J. anmularts
wis pever suspected to be cesponsible for transmission of madaria, The dissection
vesults confivm that both A, culivifuries and A, anmdars are vectors of malaria in
diis area. The former is proved as the important vector species tn habitations
fncated  on the Guarart Nala, and the laticr in those near water roservoirs in
which trapa is cultivaved,

& annulariy has been considered 1o be the priverpal madariv carrier 1y coastad
plains of Orissa by Senior White (rgygy). Out of 9,183 specimens dissected, ¥g
vut and 7 glnd infections were foand giving inlectivity rate of 0.23 per cent. In
Birblum Mistrice, Bengal, Vinthre {1647) } found a sporozolie rate of ooz per eont
Aoy dissecting 46,608 specimens. In Goulpara District, Assam, Viswanathan
ot al. Ligg1) dissected 7,481 specintens and found infectivity rate of o015 per cent.
They considered this species as the sole vector in that localitv, In the rest of India,
rowas not consideved to be pliving anv significant part t owkiria eansiaission,
as no stlivary glind infections were mel with except one mfection, by Adie {1g05)
at Ferozepore,  In the vicinity of the Clulka Lake, Covell znd Pritam Singh {rg42)
Jissected 20,844 specimens and lound only one gut nlection.  Senior While
wnd Adhikari [1939) recorded three gut infections in 1,048 specimens m the same
area. Sentor White (1g43) dissected v,u30 A, annudaris in Bazaribag and found one
gut infection.  But in Babina arcu, two salivary gland and one gut infections owt
A n45 b annulares dissected during July, August and Scptember 1955, were lound,
giving an infection rate of 0°55 per cent. Consequently, (his species is considered
f) be i tmportant veetor species in places where its density is high dus o cultivation
oF trapa 1 tanks.  The breeding of this species in paddy ﬁcith horrowpits etc.,
does not give tise to high density. The nart played by o enlicifacies in these places
adso depends on the pumercial prevalence of the species.

The degree of malarial cndemicity in Manpur and Chakarpur vitiages does
not show much diflerence, in spite of the density of d. culicifacies heing far Jess in the
former village., This state of endemicity in Manpur Village is maintained by
the preponderance of A, annularis i taat village.  The rise of spleen index in
Babina from two per cent in June 1953 ta ten per cent in September 1933,
corroborates the validity of the above statement,

CONTROL OF MALARIA

Curart Nada and tanks with  frapa, the principal - breeding plwes of
A caticifacies and Ll awnularis, vespectively, are extensive in area and will necd
vitllosal - expenditure for control. A both the vector speciesisre domestic in
hahit, the method of choice is anti-adult mosquito measures. Yodoor DJINT.
sprayving has been practised and found effective,
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Routine antifarval conirol will prove beneficia! as an auxiltary measure,
The stoppage of caltivation of frape will vender 4. annularis an ineffective carrier
af malaria by reducing its density to a very low level ; but is not recommended, as
it will not be econamical and will render several families destitute,  Dusting the
tanks with paris green can be instituted.  'This will entail the provision of a boat
and motor dust sprayer.  In tlicse tanks, exists a species of beetle in large numbers,
which causes considerable damage 1o frape plants,  People kill it by beating with
brooms, which is laborious and not very ellective.  Trialy carried out in the
laboratory showed that the larvie of the beetle are killed by paris-green, in the
guantity usually used as a larvicide.

SUMMARY.

v Both b owdiefacies and UL aemndans are the vector species of the area.
The former fornes (he magor pordon ob the catelr in habitations near Gurari Nala,
and the kutler in those near tanks with colavarion of frape.

2. The largest output ol A, ewhicifacies is from Gurari Nala, and of d.
anpuberls from tanks with frapa.

3. The mtensity of malivky i the area is igh.  The main transmission
ocewrs during Avgust and September,
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PYRIMETHAMINE IN FPHE TREATMENT OF MALARIA.

BY

Lizvur.-Gocongn INDER SINGH, v, s, roeir s, worecra B, Ao,

(Comnrand Adeiser in Medieine.
Pagmd 15, 1435,

Tu therapeutic doses of pyvimethamme (Daraprion- -Buwrroughs Welcome
& o Lid.) so far used bave been rather smalll With [ew exceplions, 25 Lo 100 mg,
in all only have been administered, and in such doses the drug has not been
considered suitable for the treatment of acute malaria.  Clearance of pyrexia
and parasiticmia has been slow in many cases and in some the drug has heen a
failure. Howeves, a study of results shows that in some cases clearance occurs
the shortest cxpected time. It was, thevefore, felt that Targes doses than hitherto
wed may be move satistactory.  With this end in view, a comparative clinical trial
using larger doses was carried oul between June 1952 and May rg54 and a dosage
scheme of 150 mg. daily x 2 was found to give quite satistactory results. The
detals arc as below,

SUBIECTS AND METHODS,

Most patients had acquired recent inlection alter variable stay neendemic
and hyperendemic malarial zopes n various parts of Tndia. Some had relapses.
Probably all were premunised subjects, A few had been on suppressive treat-
ment with paludrine or mepacrine,

Thick and thin blood smears were examined six-hourly GlF they were
persistently negative for ten days.  This prolonged eximination was necessary as
m some cases, after initial clearance, parasites reappeared after five or more days.

R.B.C. connis, Hb, estimations and total and differenuad W.B.CL connts were
done before and two and ten days after administration of the drug (o evidence of
roxicity, i any.

Temperature was recorded four-hourly.  Many cines had tow periodic
tever, about 100°F., which occurred with specifte malavial periodicity after the
wain paroxysms had been controiled and Towr-howrly temperature was necessary
to hring out these litdde pyrexial peaks.  Before administration of the drug, the
previous range of temperature was j1o1° o 1077 I,

()
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Only pure P. wivax and P. faleiparwm infections were selected for trial. The
payastte conmt varied from o073 to 64 per 1,000 R.B.Gs.  Antimalarial therapy was
given to those who showed almost a persistent parasttenia Jor twenty-four hours
and were not expecled to have natural pyrexial remissions without treatiment. Such
vemissions occurred in nearly 24 per cent of all cases and weeding them cut was an
important aspect of selection.

Therapy was begun at the onset of a paroxysin to ensure uniformity in
assessing the duration of pyrexia and parasitemia.  In a few cases vomiting
neeurred within two hours of adminisiering the drug and in these hall to full dose
was repeated.

In all, there were seven groups of cases. Groups I to IV received a siagle
dose of 50, 100, 200, and 300 ng. daraprim, respectively, and Group: V o VII
received 5o, 100, and 150 mg. daraprite daily x 2, respectively.  The patients
were all adults between the ages of 18 und g4 years. Their mean weight was
18 and the range from 108 to 132 pounds.

Al patients were treated under identical conditions, 'Phey were hospitalized
tor about a month and subsequently followed up by post for evidence of relapse,

EFFECT ON ASEXU AL PARASITAIMIA.

fa; Action on preschizonts and early schizonts.—Rings and early ameeboid forms
which were present at the onset of a paroxysm, when the drug was administered,
continued to recur subsequently. Their probable dCV(]Upmt‘nl into mature
schizonts and merozoites was ohserved only in five cases, bui even then, these forms
rapidly cleared within 48 hours.  Likewise adult schizonts initally present in
len cases of P. vivex malarii, rapidly disappeared. The action of pyrimethamine
Juraprim) thus appeared to be on the preschizont and early schizont phases of
the asexual parasite and was a consistent finding. Tt occurred in all dosage schemes
and no additional advantiige was oltatood with larger doses.

(h) Modes of clearance of asexual pavasilemia.——In 15 out of 42 cases of P
tadciparum malaria and 28 out of 86 cases of P pioax malaria, the clearance of asexual
parasitemia, when it eccurred, was alinost sudden and complete and no further
parasites were seen in the peripheral blood.  In 1o out of the 15 cases o P, falciparum
maluria, such cleavance oceurred when the dose ol the drig was 200 ov 300 my.
daily x 1 or oo or 150 mg. daily >z and in 21 out of the 28 such cases of P. sivax
malaria, clearance occurred when the dose was 150 mg. daily » 2. In P falciparum
infections, the clearance had a tendency to correlate itself to the normal expected
withdrawal from the peripheral circulation prior to schizogony in internal organs.
tu P.vivax  malarta, preschizonts and schizonts, if present in peripheral blood,
appeared to be destroyed and rings were hardly ever seen to develop subsequently
mto schizonts (pide mpm)

Similarly when parasites were not present in the peripheral circulation
iust before administratton of drug in previously positive cases, schizogony appears
o have been completely suppressed and no subsequent asexual  parasitamia
vecurred 15 out of 42 cases of Po falciparum malaria and 4 ot of 86 cases of



Tidee Nipgin. .47

Foveax wndavias Tooy ol ol 15 vases of P Jaleipasan nivction aid mor2 owd of
t4 P, odieax cases, clearanee nceurred when the dose was 150 mg. datly x 2

De to the absence of subsequent vecurrepee, the duration ol asexual
parasttienua was the shortest tn both the above series of cases.

In the remaming cases there was trregular recorrence alier initial withdrawal
for vawying periods or parasites were found at irregular intervals only,

There was no evidence thal previous immunity affected the mode ol
clearance,

Table 1 gives the incidence of vartous modes of clearance.
Fanry .

Incidence of variows modes of clearance of asexual parasifemia e Poovivax
and P. falciparum malaria,
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¢y Rate of clearance. - The clearance on the whole was slow and uncertain,
Generally, however, the 150 mg. daily < 2 dosage schedule wag most eflective in
both P, falciparam and P. vivax malavia. 'Yhis is obvious in Yables 1T and 117,
especiatly when the rates of clearance of asexual parasitamia and bigh initial
pyrexia arc studicd together, Y0 will be poticed that 5 out of g2 cases in
P fadeiparem makia and 16 out of 86 cases in Poopicer madaria did not clear
in cight days.  FThe longest duvations in P falcparim wadaria wis 34 days and in
#.viax wmalaria 3y days.

Pavig T,

Rate o clearance of aseatad parasrtentie and ek indftial fpvesin on 1P vivax
, / ‘ 4 g
malarin.

NUMBER CREAREDY UM J1AYS,

D I'esal S R : _
wchene ml:n:?n*r Asexual pavasisein : Purexia,
RN ;
P 4 i) = [H3 1) "| H B 2 | I s

mg N L % + o2 { 20 o g o2 e |
100 mg. ¥ 1 2 T2 b 4 2 P I TR 3 1 o ]
Zihb g, w1 n Lo [ B d 201w 1 3 t$ 3
W mg ki 3001 i i 2 2 [0 0 1] U
Womg. K E i i 09 3 i " i l b2 3 i i i
iy mg. » 2! B T 1 i it i ' Poon 1 it 0 it
Pibmg. =2 24 P A ] L 0 2 27 58 o t i)
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Taneyx 1L

Rale af c:fm:aﬂw of asexual purasitemia and high inibial pyrexia e P, Gadciparuon

maluria,
: Nuwm K CLEARND IN DAY
U.-.,;-‘“;‘- Toal [ - U . .
sl e, number .'\\l_ \clml parasitenia. : l‘\ reNid,
uf citses, b .
H 4 i 00 W] 2 3 i )
31 mg. X1 4 ! + i 4 1 t L4 “ I t !
i :
Fau g, s b 5 - i i i i [T 2 B ¥ t 1t
NN Bl .: i " il [ 1 [T | o ] { i i
payang ] | 2 i 1 < 4] 1] i & 2 3 fr ]
T ] Car 3 ! iy 1 i) .. i 1 1 t . 1
PR ag w2 5 L T T T S S S
PN g m 18 L S O e

GAMETOCGYTE CLEARANCE,

The vast maj.rity of cases which did not reveal gametocyltes intiadly, showed
these Torms {not heavy) within four days of admintstration of daraprim {Table JV),

TaprLe TV.

dppearance of gametocyles.

Vol wpmber of - Namber who developed gametosyies on
of cises who 5 alf i

after daraprit administration
Type of madaria ; eles v Taped Sy jr :
‘ 1 i - -
D Eanmlocyiey, f o4 -4
S N - R & .

™ pinea o 21 { - |
; ; i :
o H : P ;

. falcipartn . i 13 - A Vool P
. . i :
: t |

Fhe appearance of gametocytes was closely related to the mode of clearance
ol wawsual parasttwmin,  Jo Table V| ic will be noticed that most cases of P. pivax
malaria, in which clearance of sexual parasitenia was associated with irregalar
recurrence, developed gametocytes subsequently, whereas the incidence was
appreciably low in cases where the clearance was sudden and least in cases who
remained altogether negative after adrinistration of daraprim,  Useept in the
bt group in P faleiperum malaria, however, gametocyies were detectable as a
rule,  The incidence was gmlcmi[y, but not invariably, less in the refalively more
IMMURE Cases.
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PanLy V.

Relation between mode of slearance of asexval purasibamed md appearance af
rametocyles in previously negalive cases for gamelocyles,

] ¥ . .
1 . - -
Nurmbor of D Numboer who! Nuwinixoer who
Type of cicarance Comegative D developed 0 did not
Pype ol autaria, ol asexual parashamia. ¢ases, Czamckocytes.  develop
. : HANHOCY LGS,
e e e e e e e i o e ot
P.osinax , Complete clearance i 33 : 3 | 13
: i i
- - b
- Clearance with irregular i i
FECUETCne: ; i3 i 12 ! i
. Freegular recurrence I i : 2 : b
C Remained negative v 9 - 1 ' %
£, falciparan Complete clearance 5 3 It
Clearance with ivreguiar
FECUPTCnCe 4 1 i
Irregular reeurrence - 3 : 3 f
Remained negathee el 4 H N

The appearance of gamctocytes was also related to the dosage ol daraprim
ustat, In both P. falciparum and P, wivax  malarta, cases who received 150 mg,
daily x2, had the fowest incidence of gametocytes.  Thus the greater eflectiveness
of this dosage scheme against asexual parasitemia (vide supra) indirecdy veflected
itself here (Table VI,

Tasry VI,

Inffect of daraprime dosage sn ithe appearance af gametocyles.

Qg £ ¢ ; ; i
L= E.: | Numher ovl of cach darvapeitn groog: wio dovefoped
TLE8 gamnelucyles,
l}';]t.‘ "_,I L.(.B_'_ E B |i.._...’.... e ;‘. ——— _I .._...,___. v._i._.:'. R R e
nalavia, T BEE | S0 dee o Zon L B0 SR/R0 Mo s L
SOz T | omgo | omg | g o wg D 1 omg © mag.
i . el ; I : : ' . .
s e e ' : S S
o, pivax T T 25 1 ous )
i ! i i . . i
_y . ' . i | : [ o
2, tabeapeartin .. [ ] i aia i af : if i (] oz N T . A

i

Fhe rate of clearance of gametocytes did nol show any relation to the mode
of clearanee or the duration of asexual parasitzmia or the daraprim dosage in
both types of malaria.  In P. vivay malaria, the clearance itsetf was delinitely slow
and in three cases of P, faleiparum malaria a dosage of 150 my. daily x5 ways tried
but crescents were nol epadicated.  ‘Fable VI summaurizes the yate of clearance
m both types of malaria,
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TanLe VI
Rale of elearance of gametocyles.
Vypoob : Numler of CRUMEER CLIARED JNO1BA Y5,
salaria. cases with oo o e e e
Cgamelocytes, ' 2 : ;1;
. e . S et S
P oofpax i | I i I 1]
| | ' y IP | ; i
P, faleiparum | 37 T A T A I -3

*This took 56 days to cdear. "The dose of daraprin given was W0 g, daily =0 1 and the
eeation of asexval parasitaemia was FE days.

T ' hese ook 43 and 6 days o c Both cases received 20 me, < b dose of darapring
e the daratiou of asexual parasitanmia in cacle of them was less than one day.

PYREXIA.

ey Condrol of maim paroxysms.--In Fables I and 11, 1t will he naticed thar no
dosage was particatarly eflective in controlling main paroxysis in P falciparum
malarin.  Repoated doses were, however, definitely more effective in P, vipax
madaria and this cocrelates z__r-ncrailv with elearance of asexual parasitemia. On
the whole the 150 mg.  daily X2 dose appears to have hbeen the most effective in
Both types of malaria. With this dose, 12 out of 24 cases of P virax malaria
sihsided within 24 hours and g out of 18 cases of P falcparum malaria subsided
within 48 hours.  Almost ali cases in both types sabsided within 32 hours.
The pyrexial patterns, alter daraprim administration, are summarized in
Pabiie VITE. When there were two paroxysnis, the seeond paroxysm was often
surprisingly higher thaa the first one. . Multiple paroxysms wore suceessively lowenr-
wfower only at the tail end.  Some of these patterns are shown in Clarts 1, 2,
3 4 5 and 6.
(hy Lme Periodic fever —In 54 out of 86 cases of £ pivax malaria and 21 out
{ _]'.e cases of P faleiparem madaria, there was low pertodic fever from gy” to
00”7 Fofollowing coateol of main proxvsms,  The duration of periodic fever varied
‘rom 3 to 34 days during which the number of spikes of periodic semperature
were Tota 7. Details are summarized in ‘Fable 1X.

At the same time, blood was positive {or asexuat parasites, generatly
wiegular intervals, in 28 out of 54 cases of Poovizax malavia and in 8 out of 21 cases
of P falespargm malayia,  En 20 out of the 28 positive P. vivax cases and in 6 out of
the 8 postiive P faletparum cases, parasitamia was present throughoat the course of
periodic fever,  In the remaining cases of both types of ma.hun hnwnr;, hlood
was negative towards the end.  Syroptoms SUUL;'C:;U\P of late uI malaria were
present dusing the course f)fp(‘j‘l()dlt [evey and in cases where this was prolonged,
patients remained in poor health and did not gain weight.
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Tasre VIHL

Pyrexiel patlerns ajier dargprim adnunisivation.

TP oF MALARIA.
Pyrexial pattern. et
P, vivgx

Ome paroxysin only ... e 17

Daily intermiitent paroxysm for two days . ' 7 4
Daily intermitient paroxysm for thyce days ... .. 7 ! it
Daily remittent paroxysm for three days . 4 7
T'wo paroxysms on aliernate days o A : L
Fhree paroxysiss on alterpate days : 1 ; 0
Four paroxystus un alternate days e 1 . i

Daily intermittent paroxysm for two days and dhied
paroxysm «n fourth day v f 3 . |

Daily intermittent paroxysm for ibree davs and fourth !
paroxysm an (fth day i 3

Daily intermiltent paroxysm for fve days  amd s

paroxysin on seventh day ? 3
Onme paroxysin folfowed by daily paroxysms on thred and
fourth day ! "
Low lever paraxysms only oo 1 1
Total number of cases i R 42
Taves ¥YX.
Incidence and detatls of periodic jeoer.
']‘m"il 'Number . - i e e etk o
Ty of : i p - IRGIDERCE OF pERiGDIC ! INCIHIERGE OF sPIKLS OF
ypu ol Copmben ! with ; PERIOTG FEVE
malaria. i of cases [periodic + (R YRR
reeated. ) fever, - -
: i L] J i
7 mwax } B |]' 4 [ 1
Fooliparum L 12 ! 1 I 1
i i

The periodic lever occurred irrespective of the dose of daraprim administered
and previous immunity in relapse cases.

The pathogenicity of parasites during this stage could uot be tested. [t will
be noticed from Tables IX and X, however, that only two such cases out of 54
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i . meeax madaria and three out of 21 cases in P falegparem malaria, subsequently
velipsed.

{¢) Relalion between duration of pyrexia and duration of parasitemia. -—Vhe duration
of pyrexia, main paroxysms plus periodic fever, was more than the duration of
asexual parasitemia in 65 out of 86 cases of P, vivax malaria and in 31 out of 42
cases of P, falciparum malaria.  With main paroxysms a.one, this incidence was
28 out of 86 and 27 out of g2, respectively.  fn P. faleiparum malaria, therefore,
asexual  parasitemia  cleared carlier than pyrexia twice as commonly  as
i P. vivar malaria.

RELAPSES,

During a {ollow up of four to nine months there were no delayed relapses.
Eleven eelapses, details of which are summarized in Table X, however, occurred
within the first 30 days. These relapses occurred irrespective ol previous
immunity in both fresh and relapse cases. But in the groups which received
daraprim goo mg. daily X1, and r50 mg. daily x2, there were no relapses at ail,
Similarly a relapse, following use of a smaller dosc, was cured subscquently by a
Ygeer dose.  Thus, in Table X, Serial Number 2 of P, pivax malaria, made a
dramatic response to a 300 mg. daily x 2 dose.  Both pyrexia and asexual parasi-
twmia in this attack were controlled within 24 hours and no subsequent velapse
necurred diuring seven months follow up.

TanLe X.

Details of relapses.

] r i
J ! M TP i
P {I Total Serial 1 Boseof | Duration | Duration 5 [{._rimfu iHekapse on
¥ of cspikes on
‘nalaria i pamber of | nomber uJ (idrd[)l‘llll i ol asexual | of main | davs after | day after
' I LasUs, relapscs. lm3 incays. |p arasila:mial [raroxysms | ¥ @ | treatment
tireagnient.
f | in hours. | in hours § i
U N e e .‘.._._m_____ e e -

! i
P sizax | i mix1 | 43 ?
! : |

i g i oanxy opm l‘ 2
i . |

i : 3 N THT S SR b)) ; 14
i : i i

! 4 P o2eacl 12 Posn
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RESESTANCE.
Phe tollowing clinical rypes ol resistance were encountered.

1o Asexual parasiternia persisted after treatment for an unuwsually long
ume-- In 16 out of 86 cases of P, wivax malaria and in 5 out of g2 cases of
P /f:fczj;mmu malaria, asexual parasitemia persisted for more than cight days, the

longest duration in the former was g days and s the latter 34 days (vide supra).

2. The low pertodic fever, following contyol of main puroxysms by teeatment,
arerged fnto an overt refapse-—3Seriad Number 2 of P eizax madaria cases and Se rlnl
Nuniher 5 of P faleiparum series in Table X,

3. Adter asharp control of the initial paroxysm, there was an abrupt relapse
wiiin one to three wecks-——3Seriai numbers § and § of P. zivax malaria cases and
serind nambers 2, 3 and 6 of P. falaparon series m Table X,

4 Fhe patient developed resistance to re peated daraprim treatments—-
Refopse on twenty-first day of Serial Number 4 of P. falciparum malaria cases in
Table X was treated with a single dose of daraprim 300 mg, but another relapse
accarred after 2o days.  'This time o dose of 150 my. daily < 2, altogether failed
1o control the attack.  On the fiftcenth day, the patient’s condition became serious
and the attack was terminated within 18 hours by one 1 g, dose of camoquin. No
subsequent relupse occurred during the ollowing six months. The strain of
parasite was from Jaummuy,

Anaother case of P faloparim malaria acquired at Agra had a first attack
which subsided without any treatment after six days.  Scanty rings and crescents,
however, persisted and symploms suggestive of fatent malaria were present. He
was given a single 100 mg. dose ol daraprim nine days after the previous attack
had subsided, but he ve 'apsul alier 14 days. This time another single dose of
100 g, b oug_.,ht. o signs ol remission in ten days but a single 1 g0 dose of  camoquin
terminated the attack withine 12 bours.  No subsequent relapse oceurred during
the following cight months,

CROSS RESISTANCE TO OTHER ANTIMALARIAL DRUGS.

Six cases had been on suppressive paludrine, 300 mg. weekly, for four (o fen
months and four cases had been on suppressive mepacrine, 1oo mg. daily, for
three to fourteen manths.  Tn all of them, an overt attack of malaria had occurred
within three wecks of cessation of such treatment.  None of them showed any
evidence of crogs resistance to daraprim.  Similarly daraprim relapses were
suceesstully treated by single dose of camoquin.

TOXICITY.

Uhe deug was generlly well tolerated. The main symptoms ol intolerance
ae swmnarised in Table X1
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Tanne X1

Incidence of loxic symploms.

TvPE OF MALARLA.

Symptoms. i__.h,.,___..?x._._..._... e e
P. vivar. PR Seleiparim,
_i;.{{)adadw I U S ;_ - i! nr .
il iness E ' 5
MNansea ; i ¥
Abdamingl pain ... | A : i
AU ; b . #
Clicse pain S i i
AMreular woeakness 3 !l 4
HamolyUe anamia ] | !
|Ul;l_nl;mi;.:(;f-c&;s e e . _;.12. .

These symploms wsually occurred only when the dose of daraprim was
200 iy, or 300 Mg, Tn one case, however, severe vomiting occurred within halt
an hour each time & dose of 50 mg. was given and daraprim treatment had o be
abandoned.

The casc of acute hamolylic anmia had received a dose of 150 mg.
dwly <2 and his parasite count had been two per 100 R.B.Cs.

Three cases who were given 130 wmg. daily X 5 (2ide supra) developed light-
huadedness, mental confuston and mucular weakness.  These symptoms took
4 week to subside alter the drug was discontinued.

DISCUSSION.

The results of daraprim treatment appear to vary with different geographical
strins. - Apparently premunity does not alter the course to a significant exient.

Schneider, Ganet and Dupoux {1g52) treated 132 cases of P. pivex and
. falciparum malaria in Tunisia and Indo-China and found daraprim in single
doses of 50 or 100 mg. or two doses of 50 mg. to be as rapid in its action as
chlorogu'ne, and reported only one failure out of 36 cases with the Tunisian strain.

Field, Edeson and Wiison {1g52) treated 112 cases of P. vivax and P. faleiparum
wadivia in Malaya with 50 mg, daily x 1, 50 mg. daily x 2, and 100 mg. daily x 1
plus 50 mg. daily x 4 dosage schedules and found its action to be slow. Some
cases had symptoms persisting for three days and others had symptoms for a day
o7 two after asexual parasitemia had cleared. In P. faleiparom maExria there were
tailures in each dosage schedule and incidentally most numerous, 7 out of 26,
i the 100 mg. daily x 1 plus 50 mg. daily x 4 dosage schedule.
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Gilroy D1gir, and Norunue J1yzz) from Assam, and Hay Arthor {1952}
rom Bengal, veported good results in most of their cases. The incidence of
tatlures, however, was rather high.  In P. faleiferum malaria on o daraprim dosage
of 50 mg. dily x 1, Gilroy had two latlures out of 15, and Norman one out of 21
cases,  With 20 mg. daily < 1, the incidence of failures was three out of 15 cases
i P falaparem malaria in Normaw’s serics and one ont of 6 cases in P, vivax
maduria in Hay Arthwr’s group.

To 29 cases of fresh and relupse-induced P, rivax madaria, duc to Chesson
stratn, Goatney of af. (1948) gave a single dose of 25 mg. daraprim and found the
immediate resalts to be almost s good as with a single dose of o6 g, chioroguine.
The asexuad parvasitemia, however, tended to be longer, and all cases unless placed
o suppressive reatment, subsequently refapsed.

MeRobert {1952} treated seven cases of Poopipax malaria (Korean strain)
whe previously had been on sappressive padudrine and found the clinical vesponse
to 25 mg. daraprin bad, very slow,  Asexual parasitemia persisted over go hours
moone case and over 150 hours in fwo cases.

SJaswant Sinel ef al. {1953} treated 30 cases of P.ozavaxy madaria with a single
dose oF 25 mg. daraprim. - Al cases were afebrile within 72 hours and in 66
per cent, asexual parasitania cleared within the same period. FThe symptoms and
asexual parasitema scemed o clear more quickly in those cases who gave a
previaus history of malaria,  Faddier the same anthors ( Juswant Singh ef al,, 1952)
using a dosage scheme of 25 mg. 22 in 84 cases of P faleeparum, recorded parasite
cleavance within 72 howrs in g3 to 100 per cent of cases. Clinical response during
e same period was observed inall the 22 cases wreated at the Police Hospital
Delbi. However, the drug fudled to vespond in two cases {Chaudburi and
Chakravarty, 195355,

In monkeys infecred with 2. cppemelgr, Schimidt and Genther (1953) found
That wsexual parasitenna cleared in seven to cight days. A dose of 06 mg. per kg,
wits regquired for eradication,

By giving the drug in repeated, smercasing, but inadequate guantitics, Rollo
f1g52) found that resistance developed aller a relatively smatl namber of treatments
i mice heavily infected with P, derghei. Stmilary a thousand-fold resistance was
reported i monkeys mfected with P, gyuomelgs Iy inadequate treatment by Schmide
and Genther {19591 Jaswant Singh o «l. {1954} made similar observations in
P Luowwlesi and the resistance developed was found to e many thousand-fold.
It two eases of P faleiparum malavia deseribed above, similar resistance with
repeated but bigger doses of daraprim appears to have developed.

In P jaleiparum malaria, Wilson and Edeson (1952) found that daraprim
remained effective in normat doses in paticnts reststant o paludrine.  Similar
findings have heep reported by Hawking and Thurston (1951 and Hawking {1952)
i animal experiments. Jaswant Singh ef el {1953}, however, have reported high
degree of cross-resisiance berween paludrine and daraprim in simian malaria,

Schmidt and Genther (1954} in their annnat experiments found that the same
rotal dosage was more elfective given in siall datly doses spread over a week than
a5 gisingle dose in Pooopremolgi indections which are closely allied to P. vivax
mfection in man.  In P falciparin mataria in man, Field of ol {1952), however,
found that dacapeim dosage of yoo myg. daily X1 plus 30 mg. daly >4, was no
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more eifective than single doses of 50 mg. or 100 mg. In lact, with the repeated
Joses the number of fatlures were more numerous.

Although single doses of 25 mg. o1 50 mg. have been reported o he quite
cHeciive by some of the workers mentioned above, experience in this trial indicates
it to get the maximum number of pyrexial clearances in the least thme, prevent
developmient of resistance and latlures, and reduce the incidence of carly relapses,
the dose should be 150 mg. daily X2, There is evidence of a cure of {requently
relapsing cise of I vivexy malaria with a cosage of 300 mg. daily xa.  Absence of
delayed relapses indicates that much tmportance cannot he attached to the slow
dearance of asexual parasitemia, It appears that ring forms, not destroyed early,
are meapable of completing the asexual cycle in the blood or the internal organs.
Further, Foy and Kondi (1952) have shown that although gametocytes exposed to
Jdaraprim continue to circudate and are normal in appearance, they fail tv develop
o marurity when injected by the mosquito as was shown by Shute and Maryon

tg48 1 case of paludrine. Tn this respect, the drug is superior to other anti-
wialarinks. However, delayed clearance perhaps handicaps its nse in cerchral
nalaria and other pernicious forms of walaria,

The drug appears to be parasitostatic rather than parasiticidal,  This by
tseil thay account for the prolonged parasitemia made worse by asynchronicity
in development.  Thus synchronicity which is more marked in 2. wvax makivia
than in P, Jalciparum malaria, probably accounts for better results in the former,

The drug is on the whole well tolerated.  Giddiness, abdowminal pain,
wonttling, muscular weakness, vague chest pains which may occur in patients after
daraprim, cannot uncquivocally be attributed to the drug as these may be due to
malaria itself.  Individual susceptibility, however, may play a partin their causa-
!irm as indicated in the cas: who vomited after cach 50 mg. dose of daraprim.
arge doses, not therapeutically indicated, have caused temporary mental contusion
asd Iight-headedness. Blood changes have also been reported. Field (1952} reported
fafl i the white cell count i some paticnts who received 100 mg. daily x1
sins g0 mg. daily x 4. McGregor and Smith (1952} found a significant rise of
2einophils with a peak about the fifth day after treatment in some cases.  Schmidt
« al. (1953) have quoted haimoglobinamia in one case, slight an®emia in seven  cases
angd degenerative changes in 5 of 12 volunteers who took 25 mg. daraprim daily
or seven woeks,  The occarrence of hemoglobinemia suggests that as is the case
with other antmalartals, Dlackwater lever may be precipitated by daraprim.

SUMMARY.

Fighty-six cases of P, vivax malaria and 42 cascs of P. falciparum madaria were
treafed with daraprim 50, roo, 200, and 300 mg. daily X1 and 50, 160, 150 mg.
dwily 22, respectively,

Based on majority of pyrexial clewrances in 2 relatively quick time, mode of
development ol resistance, frequency of failures and early relapses, the most
citective dose was found to be 150 mg. duily 2 for both P. vivax and . falciparum
mnlaria.  In yg per cent of Povivas malaria cases and in 5o per cent of P, faleiparum

cases, fever subsided within 48 honrs and almost in all the cases of Doth 1ypes of
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malaria ¢ subsided within 72 hours.  Sixey-three per cent cases in 2. rivax malaria
and 50 per cent cases in P faleipanan malaria had pertodic spikes of temperature
subsequently which, if numerous, delayed convalescence.

In 1g per cent of P, vivax malaria cases and 12 per cent of P. falciparum malaria
uases, asexual parasitemia persisied longer than eight days.

Effect on gametocytes of P, vivax malaria was rather slow and in two cases
trese persisted for 24 and 56 days, L.e., as long as the crescents in some cases.

Effect of previous trumunily on results was not significant.

In P. falciparum malaria relapses, repeated  treatments with darapmm

faveured develupment of resistance to the drug even though big doses were used in
Tw CAses.

Immediate relapses were more common in P, falciparum malaria than in
P. vivax malaria.  The incidence was 14 per cent and six per cent, respectively.

The drug was tairly well tolerated. Only one individual was really sensitive
to the drug in doses of 50 mg,
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ANNOUNCEMENT.
INDIAN COUNCIL OF MEDICAL RESEARCH.

COLONEL AMIR CHAND TRUST PRIZES FOR MEDICAL
RESEARCH.

[aEUuT.-CoLONEL AMIR CHanp, ex-Principal, Lady Hardinge Medical
College, New Delhi, has made a donation of Rs. 30,600/~ to the Indian Council
of Medical Rescarch for the purpose of awarding prizes for the best published
research work in the field of medical sciences. The Governing Body of the
Council has constituted a Trust called the, ¢ Colonel Amir Chand Trust * for the
administration and management of the Funds.

Six pRIZES, of almost equal value, of which some may be in the form of medals,
are awarded annually on an All-India basis for the best published research work
in any subject pertaming to all fields of medical sciences in general including
clinical research, The term, ‘ Clinical research’ will imply research into the
mechanism and causation of disease, including its prevention and cure, 1t covers
not only work in patients in hospitals, but also field studies in epidemiology and
social medicine and observations in general practice.

Turer of the Prizes are known as, ‘ BASANTI DEV1I AMIR CHAND
PRIZE’ and the other three ‘ SHAKUNTLA AMIR CHAND PRIZE’,

Two our oF THE s1X PRIZES shall be awarded to graduates of not more than
ten years standing counting {rom the date of graduation, provided that the work
lor which the prizes are to be awarded is of approved merit.

Tue compeTiToRs for the prizes may be MEDICAL or NON-MEDICAL
yraduates,

Tue seLEcTION of candidates lor the award of the prizes will be made by a
Selection Board appointed for the purpose.

In A Joint PUBLICATION the prize shall be divided between the joint workers
in such proportion as the Selection Board may recommend.

Tt has been decided to award during 1955 six prizes of the value of Rs. 300/-
each for the best rescarch papers in medical science published by workers during
the year 1954 {ist January to the g1st December, 1054).

{159 )



60 Announcement,

Tue awarp of the prizes will be announced at the annual meetings of the
Scientific Advisory Board and the Advisory Committess of the Indian Councit of
Medical Research, to be held at Nagpur in November/December, 1955,

THe canpipaTss are required o submit 15 REPRINTS of their papers
published during 1954.  These should be sent to the SECRETARY, TNDIAN
COUNCIL OF MEDICAL RESEARCH, ‘P’ BLOCK, RAISINA ROAD,
NEW DELHIL so as te reach him NOT LATER THAN THL st
SEPTEMBER, 1955. '

THe PAPERs should be accompanied by a short hiographical sketch and
two copies of PASSPORT SIZE PHOTOGRAPHS of the worker or workers

soncerned.
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THE BIOCHEMISTRY AND NUTRITION OF
PLASMODIUM BERGHEL*

BY
J. D. FULTON
AND
D. ¥. SPOONER.
{National fnstitute for Medical Research, Mill Hill, London.)

[May 1%, 1936.]

For a long time the attack on many malaria problems of fundamental
importance was hampered by the abscnce of suitable laboratory infections. In
the carlicr experiments on chemotherapy the avian malaria parasites, P, relicium,
P, cathemerinin and Hemoproieus orizivore were most commonly used. Much useful
information was also furnished Dy experiments on therapeutic malaria in man.
It soon appeared that many of the outstanding problems, including that of the
mode of action of antimalarial drugs and the development of new ones, might
he solved through studies of the metabolism of the parasite. Such studies were
initiated by Christophers and Fulton (1938} using the monkey parasite P. &nowlesi.
Similar studies werc later intensively pursued in America for which pure straing
of other monkey parasites such as P. imui and P. ¢ynomelgi were also available as
well as those of the avian parasites P. gallinaceum and P. lophure. The human
parasites have becn relatively Httle studied because of the difficulty in obtaining
them regularly in sufficient numbers.

Since the discovery of the malaria parasite, P, berghei {Vincke and Lips, 1948),
which infects a wide variety of rodents, nuracrous studies on this plasmodium
have been rcperted in recent years. Up 1o the present, however, little is known
of its biochemisiry and nutritional needs. In this article an attempt has been
made to summarize the known facts for the first time,

. *This p.:.lper forms 1);r.t of the Sw_,m;;(_).smm on Plasmodium berghei published in the December 1864
issue of the Tndian Journal of Malariology.

( 161 )



162 The Biochemistry and Nuirition of Plasmodium Berghei.
BIOCHEMISTRY OF P. BERGHEL

Tavestigations into the chemical composition and metabolism of the malaria
parasitc have, in the past, been mainly confined to the erythrocytic forms of avian
and simian species due to the technical difficulty in obtaining sufficient amounts
of material for study from other sources. As P. bergher can be transmitted to
faboratory rodents, a species of malaria is now readily available for biochemical
siudies, The number of publications concerned with this aspect of the parasite
is limited however; this is probably due in pari to some of its characteristics which
complicate such researches. Any study of the metabolism of malaria parasites is,
of course, complicated by their sitnation within another living cell—the erythrocyte.
I'n interpreting results oblained from studies of parasitized whole blood or washed
parasitized cells, allowance must be made for contributions by the host cell to
the metabolic activities measuored. 1 is not known to what extent the metabolism
of the host cell is altered by the presence of the parasite within it, and so control
experiments using normal erythrocytes are only of limited value. The problem
is made technically more difficult with P. berghei as it is now established that this
species preferentially invades the reticutovyte (Ramakrishnan and Prakash, 1950;
Jorradetti and Verolind, 1g51).  This is a metabolically active blood ccll in which
the synthesis of protein (hamoglobin} is occurring (Borsook ef al., 1952}, accom-
panied by marked respiration and glycolysis (Ponder, 1948). Riboscnucleic acid,
a constituent of other active cells {Caspersson, 1947; Claude, 1949), is present
i high concentration within immature erythrocytes {Dustin, 1944; Burt o af,
1951). Reticulocytes of varying age, from the nucleated erythroblast to cells
which have almost lost the characteristic reticulum, are found circulating in the
blood of rais in the later stages of infection with P. berghei and all the developmental
stages appear to be invaded by the parasite.  Thus the host cell in this infection
has not only a high but a variable metabolic rate. In P. berghei infections too,
multipie infection of reticalocytes [requently occurs and this makes an exact
determination of the number of parasites present in a stained smear difficalt.  The
infection is asynchronous and the simultancous presence of many developmental
stages of the parasite in a sample of infected blood complicates a study of any
particular ascxual stage, litile pigment is formed by P. berghet and even alter
prolonged centrifugation, it is often difficult to determine the line of demarcation
between parasitized red cells and non-parasitized cells which was so characteristic
of P. knowlesi infected blood on account of the large amount of pigment present
i that parasite. In any case, good separation of normal and parasitized cells is
not achieved by this means due to the wide range of specific gravities of the formed
clements of the blood in P. berghei irfections. - These characteristics tend to
outweigh the advantages of a readily available source of material for in vitro
hiochemical study.

CHEMICAL COMPOSI'TION OF P. BERGHEL

Kruszynski (1952} has applied the technique of microincineration to
demonstrate the localization of inorganic substances within P. berghei infected cells,
This procedure has been used with some success to demonsirate inorganic maserial
in a few other parasitic protozoa (Scott and Horning, 1932; Horning and Scott,
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1933).  Such methods are of value in the study of the composition of the malaria
parasite as it may then be studied in sify without the necessity of separating it from
the host ccll for ehemical analysis.  Kruszynski (1g951) had previously found that
as P. gallinaceum developed within the avian erythrocyte, the mineral content
{Na, K, Ca and P) of the parasite increased. The amount of calcium and
potassinm in the cytoplasm of malure erythrocyies is small and so Kruszynski’s
observations indicated that the parasite obtained these minerals either directly
[rom the plasma through the host cell membrane, or from the host cell nucleus.
To rule out the latter alternative, the aathor used the mammalian species, P.
berghei. Smears of infected blood were made on cover ships, incinerated, and the
resulting preparation, in which the cells were found to retain their normal shape,
examined by phase contrast microscopy. An incrcase in the mineral content
of the parasitized cells occurred synchronously with the development of the parasiie
and the presence of calcium was demonsirated.  The residue of normal mature
cells after incineration was found to contain Jitile or no calcinm and so the author
conciuded that the parasite obtained calcium directly from the plasma through
the host cell membrane, HHowever, the host cell in P, berghed infections is chiefly
the reticudocyte and no mentlon is made of the calcium content of the cytoplasm
ol this cell.  Little appears to be known of its mineral content and, as it is a more
complex cell than the wmature crythrocyte, it is possible that it mway contain
significant amounts of calcium which may serve as a source for the parasite, '

Little is known of the composition of the nucleic acids ol malaria parasites.
As already mentioned, the metabolism of these substances appears to be closely
associated with the processes of protein synthesis and, as the plasmodia rapidly
grow and divide in the blood of the host, much protein synihesis and, therefore,
a marked nucleic acid metabolism would be expected to occur in them. Deane
{1445} has studicd the formation of desoxyribose nacleic acid {DNA) in P. knowlesi
by using the specific Feulgen histo-chemical technique,  She found a marked
imcrease in DNA as the parasite developed, the highest concentrations being within
the merozoites. Ball ef ol. {1948) ollowed nucleie acid-phosphorus changes of
monkey erythrocytes infected with P, kuvwlesi and calculated that each parasitized
ved cell contained 145 times as much nucleic acid phosphorus as the normal cell.
Recently, Lewert (1952) has demonstrated a marked ribose nucleic acid (RNA)
metabolism in P, gallinacewm. Tt is thus evident that there is an appreciable
synthesis of nucleic acids by malaria parasitcs and Whideld (1952:1953a) has
used P. berghei in an artempt to learn more about the composition of these celular
constituents.  In his experiments the blood of infecied mice was collected before
the parasitemia was acute to avoid marked changes in its comnposition.  The author
found it difficult to separate infected from normal cells and, thercfore, hamolysed
washed cells from infected blood with saponin and carried out his analyses on the
solid residue washed free of hamoglobin with saline. Blood from normal mice
was trealed in the same way and the fgures from the analvsis of the residue were
used as a control. The nucleic acid content of a known number of mouse leucocytes
was also determined and allowance thus made for the increased number present
in P. berghei infections.  Tn this way a marked increase in RNA and DNA content
of 10'° red blood cells associated with the presence of the parasite was determined,
the increase in RNA being twice that of DNA. By counting the number of
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parasitized cells in a stained sample of blood before hemolysis, Whitfeld (1952:
19534) also calculated an approximate value for the RNA and DNA content of
a single parasite. Spectrophotometric examination of the nucleic acids of parasites
freed from the host cell revealed an absorption spectrum corresponding exactly
with yeast nucleic acid. The purine and pyrimidine content of the DNA and
RNA from isolated parasites was detcrmined spectrophotometrically after the
separation of these bases (prepared from the nucleic acids by hydrolysis with
perchloric acid) by paper chromatography, The nucleic acids were found to
contain the same bases as veast and thymus nucleic acids, the DNA being of the
“ AT type ** (the concentration of adenine and thyamine exceeding that of cytosine
and guanine) which, according to Chargafl’s theory (1951), would suggest that
it is of animal rather than bacterial origin,  Wyatt (1951) has described the
presence of 5-methyl cytosine in the DNA from certain microbial sources but
Whitfeld (1952:19534), without having recourse to the extensive procedure of
that author, was unable to establish its presence in P. berghei. The quantitative
results from these experiments must be interpreted with reserve. Although attempts
were made in Whitfeld’s work (1g52:1953@) to use controls for the presence of
aucleic acids from other formed elements in infected blood, no allowance was
made for the large number of reticulocytes which are known to occur in the blood
during infection and which are invaded by the parasite. As we have previously
noted, these cells contain much nucleic acid and it is doubtful if the free«? parasites
can be washed completely free from this host-cell material. The reticulocyte
RNA was probably responsible for the unduly high RNA content found by the
author in infected blood. As he poinis out, too, the calculated auncleic acid
content for a single parasite must only be regarded as very approximate due to
the varying number of parasites in each crythrocyte, the loss of parasites after
counting and the simultaneous presence of many different developmental forms
in the same sample of infected blood. The uptake of radioactive phosphorus by
erythrocytic stages of P. berghei was later investigated by this author (Whitfeld,
19536},  He inoculated infected mice with 32, and sacrificed them at intervals
of several hours. The distribution of phosphorus within the isolated parasites was
followed using standard methods. In the RNA fraction the g2, content remained
fairly constant. 'The highest concentration of the isotope was found in the Lipid
{raction but the greatest turnover was in the DNA fraction. The rate of incorpora-
tion of the isotope varied at different periods during the infection.

In some strains of P. berghei, difficulty is frequently experienced in observing
pigment in stained smears {Thurston, 1952). However, Fulton and Rimington
‘1053), using a strain in which pigment was easily detected by microscopic
sxamination, have examined the chemical nature of this substance. The pigment
was obtained from the blood of young hooded rats with a seven day infection by
laking the cells with saponin and washing the residue free of hemoglobin. The
pigment was then extracted with phenol and characterized spectroscopically and
by the preparation of a crystalline derivative. By these means it was identified
as hamatin, which bas been shown to be the pigment occurring in all other species
of plasmodia so far investigated (Ghosh and Sinton, 1934; Morrison and Anderson,
ig42; Rimington and Fulton, 1947). Fulton and Rimington noted that cells

infected with P. berghei contained less pigment than an equivalent volume of celis
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infected with P, gallnaceum or P. knowlesi. 'This fact may possibly be correlated
with the situation of the parasite within the immature erythrocyte, in which the
concentrafion of hamoglobin (from which the hematin is derived) is variable as
it is still being synthesized.  The small quantity of pigment in the parasite suggests
that P. bergher obtains amino acids from sources other than haxmoglobin. It is
known that other malaria parasites obtained these nutrients both from globin and
from plasma, {German and McKee, 1950).

RESPIRATION OF M RERGHEL

The malariz parasitc lives in an oxygen rich environment within the red
blood cell and can draw on the oxygen supply of oxyhemoglobin as can readily
he seen by the darkening in colour of infected blood when examined iz vitro. The
oxygen uptake of living cells is an overall measure of oxidative cnzyme systems
functioning in the material under observation. Since the initial experiments
of Christophers and Fulton (1g38) the respiratory activity of parasitized blood,
washed parasitized cells and malaria parasites [reed from the host cell by hamolysis,
has been observed by several workers.  Suceess bas autended the use of this
procedure in studying the metabolic steps oceurring within the parasite, but as a
means of cvalnating new antimalarial drugs the method has not given encouraging
resufts, except with a scrics of naphthoquinones (Wendcel, 1946). It has been
shown that the in wifro respiratory rate of the infected crythrocyte is markedly
greater than that of the normal crythrocyte and cxperiments with freed parasites
have demonstrated that the parasite itsell possesses a respiratory mechanism and
oxidizes glucose by the same steps as do mammalian tissues (Speck ef al., 1946).

The respiratory activity of P. berghei has been studied only in so far as
parasitic activity might encroach on the oxygen and carbon dioxide transport by
the blood of the hest. {Jones, 1951; Jones el al., 1951).  The respiration of whole
infected blood diluted with phosphaie buffer-saline {(with or without added glucose)
was measured in the Warburg apparatus and the oxygen uptake was observed to
be greatly incrcased when red cells were heavily parasitized as well as in the
chronic stage of infection when a large number of reticulocytes were present. It
was found that this enhanced respiratory rate was independent of added glucose
and that it was almost completely inhibited by the addition of cyanide, indicating
that metallo-protein cnzymes were probably involved in the process. The authors
concluded that the oxygen used by parasitized whole blood in P, berghet infections
in the albino rat 5 too small to influence the host dircctly,  In a later paper
{Jones et al., 1953), the oxidations occurring in reticulocytes were studied in order
fo assist projected investigations of the metabolism of P. berghei which develops
in-these eclls,  Reticulocytes were obtained {rom young rats which had been
subjected to eight (o ten daily injections of phenylhydrazine and consequently
showed a high reticulocytosis. It was found that the respiration of reticulocytes
was much greater than that of maturc erythrocytes, a fact well established by
other workers (Ponder, 1948), and was independent of added glucose. Results
from the use of enzyme inhibitors {pariicularly monofinoroacetate, which caused
suppression of oxygen uptake and an accumulation of citrate) strongly suggesied
that carbohydrate is being metabolized by the reticulocytes and that a Kreb’s
cyele is operative in the oxidation of pyruvate, The anthors point out that it
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may, iberefore, be difficult to obtain clear evidence of pyruvate oxidation by
P. berghei in its natural environment.

Experiments in this laboratory with rat reticulocytes have confirmed the
above findings. By making usc of a ‘oatation tec hnique, simiar to that described
by Ferrebee and Geiman (1948} for the concentration of P. sivax infected cells,
hut uwsing cgg alhumin instead of cryvstalline bovine albumin (a method alse
cmploved by Rao et al., 1951, for concentrating red cells comaining P. gallinaceum),
we have been able to prepare concentrates of rat reticulocyies infected with P. berghel
and contaminated by only a few nninfected blood cells. A comparison of the
respiratory activities of normal and parasitized reticulocytes has revealed no
qualitative difference in metabolism, the respiratory quotients and response to
epzyme inhibitors being identical in each casc.  However, although the respiratory
rate of unrit numbers of reticulocyles and parasitized reticuiocytes was found to
vary considerably from experiment to experiment (as may be expected with celi
populations of such variable compositions), the oxygen uptake of the infected cells
was significamtly greater than that of normal reticulocytes.  This difference may
he atiribnied directly to the respiration of the parasite or to an acceleration of the
respiratory rate of the host ccll due to its presence. When these results are viewed
i the light of what is known of the respiration of other species of Plasmodia,
however, it scems that at least part of the cnbanced respiration can be directly
attributed to the enzymaiic activity of P. herghei.  As the respiratory rate of these
parasitized cells is independent of added glucose, the parasite may be oxidizing
an endogenous substrate, It is more likely, however, that it is vsing the un-
identified reserve of the reticnlocyte for this purpose, as Lillie (1947) reported
thal a carbohydrate reserve is not found in other Plasmodia. We can confirm
that the respiratlion of both normal and infected reticulocytes is inhibited markediy
by cyanide, suggesting that P, bergher probably contains metallo-protein respiratory
enzymes-—perhaps a cytochrome system.

CARBOHYDRATE METABOLISM.

Farly workers (Bass and Johns, 1912; Johns, 1930; Hegner and McDougall,
1920} have shown the importance of ghicose for the survival of the malaria parasitc
both in wire and in vivo.  Subscquent studics of the carbohydrate metabolism of
Plasmodia, which have been more extensive than those concerned with other
aspects of plasmodial physiology, have shown that the pathway of glucose break-
down is essentially similar 1o ihat occurring in mammalian tissues [’f‘ vans, 1946},
Iinergy for the synthetic activiiies of the rapldly growing parasite is thus provided
by the phesphorylative degradation of glucose to lactic acid, some of which is
then oxidized in a stepwise manncr, Little information about the carbohydrate
metabolism of P. berghet has appeared in the literature as yet. Mercado {rgs2)
has studied the in vive glucose content of the blood of infected white rats which
was found to fall as the parasitemia increased. The glucose content of packed
infected blood cells was shightly higher than that of normal cells, while the serum
glucose concentration decreased marked!y, as the infection dweloped especially in
highly parasitized blood. In a later paper {Mercado and von Brand, 1954} the
results of an investigation of the glycogen reserve and glycogen synthesizing power
of the liver of rats infected with P. bergiei were reported. A fall in fiver glycogen
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in infected rats occurted, and was shown to result from a metabolic disturbance
of 1he host due to the presence of the parasite, not as a result of a decreased food
consumption by the infected rats. Similar changes have been shown to occur
in animals infected with some other species of malaria (Christophers and Fulton,
1638; Marvin and Rigdon, 1g45) and it appears to be generally accepied that
the hypoglycemia and drop in the glycogen rescrve of the liver in terminal stages
of malarta are duc to deficient liver function rather than to actual glucose
consumption by the parasite. No work appears to have been reported on the
utilization of sugar by P. berghei.  Our own in vitro experiments have shown that
the pH of infected blood, difuted with buffercd saline and shaken for four hours
witl glucose, falismarkedly. Concentration of the medium and partition chromato-
graphy of the acidic end products of metabolism which accumulate under the
conditions used, have revealed the presence of formic, acetic, succinic, lactic,
pyruvic, a-oxo-glutaric, and small amounts of several other acids yet to be identified.
Although similar acids were found to be produced by reticulocytes when shaken
under the same conditions, quantitative analyses have shown that lactic and
pyruvic acids are produced at 2 far greater rate by a unit number of parasitized
reticilocytes than hy normal ones. Glucose disappears from the medium
simultancously.  The glycolytic rate of the infected reticulocyte was calculated
from the results of these experiments to be abount five times that of the uninfected
reticiiocyte.  Although the possibility of an enhanced carbohydrate metabolism
by the reticulocyte due to its invasion cannot be excluded, these resulfs suggest
that P. herghei, like other Plasmodia, is capable of uiilizing plasma glucose by
aerobic fermentation as a source of energy in addition io oxidizing a substrate
from within the host cell.

NUTRITION.

in order to present the subject of nutrition ol P ferghei in the correct
perspective, it has been necessary to review briefly some known facts about the
nutritional needs of other malarial parasites. In spite of the large number of
researches in this field, only a few relevant papers will be cited,

In vitro nutritiveal studies of Plasmodia.— When studying the nutritional needs
of parasites, it would appear that satisfactory results can only be obtained by
in vitro experiment in which the parasite is maintained in conditions permitting
growth and multiplication frec from the influence of the hosts’ metabolism. A
reasoned approach to the cultivation of malarial parasites within the erythrocyte
was first made by Trager {1941} who used a complex medium to study the
conditions affeciing survival of P. lophure in vitro, Later, the same author (Trager,
19434} found that the addition of calcinm pantothenate to the medium improved
the survival rate as judged by the ability of mle gamstocytes to ex-flagellate.
Successful growth and multipfication of the monkey malaria parasite P, knowlesi
in infected blood was later reporfed by Ball and co-workers in 2 series of papers
from 1945 onwards: (Ball & al., 1945; Anfinsen ¢t al., 1946; Geiman et al., 1046;
McKec ef al., 1946; Ball ¢ al., 1948). Culture and continued subculture of the
Jatter parasite was attained for seven generations and the material proved infective
10 fresh hosts at the end of that tme. 'The medium employed was a balanced salt
solution resembling monkey plasma in composition with addition of vitamins,
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purines, pyrimidines and amino acids. The nutritional need for glucose and
para-aminobenzoic acid (PAB) in the culture was demonsirated but not for other
individual substances. Later McKec and Geiman {1948) showed thar the mixture
of synthetic L-amino acids in the culture of P. knowlesi could be substituted by
-methionine,  Trager (19476) using similar conditions obtained multiplication
of P. lophure in duck red cell suspensions.  He recognized, however, that results
of in vitre experiments in which the malarial parasite is enltivated within the red
cell may lead 1o ambiguities in interpretation due to the metabolic actvities of the
host cell,  He (Trager, 1950) therefore maintained P. lophure freed from its avian
host cefl by specific hemolysis in a complex medium and followed the development
of the parasites which lived for a few days only. In continuation of these studies,
Trager (1g952) found that the life span of P. lophure in absence of host red cell was
further prolonged by the addition of [-malate and coenzyme A concentrates to the
medium previously used. At the end of three days in culture by far the larger
proportion of the parasites remained normal.

So far, however, P. berghei has not been cultivated in sifro and it has been
necessary 1o approach the question of nutrition of this parasite by studying the
cffect of diet on the host.

In vivo nulritional studies.~In a review on the influence of nutrition on
experimental infections, Clark ef al. (1949} have outlined the main considerations
which have to be taken into account in work of this type. According to these
authors, the use of defined strains of both host and parasite 15 likely to improve
the quality of the results. Infection of the natural host by the normal route is
preferable to any other. When deficiencies are being studied, an adequate and
defined basal diet to which the substances for study can be added in the required
amounts, are indispensable for correct interpretation, JIn all cases, where diets
are deficicnt, it is necessary to distinguish malnutrition from uvadernutrition.
Care must be taken to avoid coprophagy. Other variable lactors such as age,
weight and sex of animals and those necessary for their well being must be con-
rolied, Tinally, in order 1o ensure that the results are statistically significant, a
sufficient number of experiments must be performed. Chandler (1953) has
defined the ways in which the diet of the host can affect the parasite which it
harbours. The diet may contain nutrients essential to the parasite or factors
which are rendered useful to it by the metabolism of the host animal, Conversely,
substances dirvectly toxic to the parasite or those which can be converted to
inhibitory factors may also be present.  As the different components of the dier
are metabolized by interdependent pathways in the body of the host, it is not easy
to prove that any single dietary factor is required by, or inhibits, the parasite
directly.  Stimulation or depression of the host’s defence mecharism involving
antibody production or phagocytosis, cipecially in the young, may be caused by
diet. Thus, Cannon (1942) suggested that antibodies are specifically modified
globulins whose formation depends on amino acid and protein intake. Earlier
Freund {1930) had shown that young animals cannot form antibodics comparable
cither in quantity or quality to those of adults of the species.  The gut flora possesses
the power to synthesize certain necessary factors for host and parasite {Miller,
1945) and can thereby influence the course of infection. The gur fora is jtself
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readily affected by diee (Gall & al, 1948) and the latwer can, therefore, indircetly
affect parasitic infections.

AVIAN AND SIMIAN MALARIA,

Dietary studies on malarial infections have been carricd out only within
the fast few years. Passmore and Sommerville (1g40) found that monkeys infecred
with different malaria parasites did not show any difference in the course of
primary infections when maintained on an adequate dict or on one which was
deficient in a namber of factors including vitamins A and C and calcium, thus
resembling that of the rice-eating poor in India. Trager (19436; 19474) observed
that biotin-deficient ducks and chicks had more severe infections with P. lophure
or P. cathemerium than control animals. This substance appears to affect the
degree of natural susceptibility to malaria infection, but is not required for in
vifro cultivation,  In a scries of papers (Seeler and Ott, 1944; Seeler ¢ al., 1944;
Seeler and Ott, 19450 19450) Trager’s results with biotin and P, lephure have been
confirmed. In this infection, however, riboflavin deficiency markedly reduced the
parasitemia whereas restriction of food intake had the opposite effect. When
chicks were given a protein-deficient dict in which all other nutrients were present,
the infection with P. lephure was more severc in the acute phasce than in chicks on
adequate diet, However, mortality was higher in chicks on protein-deficient
diet, A deficiency of folic acid and other unidentified factors caused an Increase
in the severity of the infection. Brackett ef el, (1946) found that blood- but not
sporozoite-induced infections of P. gallinaceum in the chick are suppressed by
deficiency of pantothenic acid and this fact suggested to the authors that panto-
thenate is necessary for the asexual forms of the parasite, in agreement with the
observations of Trager (19434} on P. loplwee. Roos el al. {1946) used both chicks
and ducks infected with P. lephure for studying the effect of vitamin deficiencies
on the course of infection.  Deficiencies were produced in the hosts with respect
10 nicotinic acid, thiamine, choline and vitamin 4 by omitting these substances
from the diet. The duck proved so susceptible to the infection that nutrition
deficiencies failed to suppress it.  In chicks, however, vitamin A deficiency caused
milder infcctions whereas choline, like nicotinic acid, causced the opposile effect
and thiamine was without action, Brooke (1945} when studying the cffect in
hirds of dicts deficient in protein and vitamins, found that the primary malarial
infcetion was more severe and more deaths resulted in the hosts on a poor diet.
Immunity in them was also weak, as indicated by increased relapse rate and
greater susceplibility to super-infection, Before describing cxperiments with
P. berghet, some similar work (McKee and Geiman, 1948; Geiman and McKee,
1948) of considerable interest will be briefly quoted. These authors showed
that fasting was able o conirol infection with P. knewlesi in monkeys, and the degree
of infection was correlated with the Iength of the fasting period.  During fasting,
administration of methionine or PAB caused an upsurge of infection. Deficiency
of vitamin € in the animals also reduced P. knowlesi infection in rhesus monkeys
and the parasite numbers increased when the vitamin was given,

RAT MALARIA

In the carliest paper dealing with P. berghei infection and diet, Fabiani and
Grellet {(1g52) reported that a partial or total absence of vitamin 4 did not increase
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rhe mtensity of infection in rats but tended to make the acute phase of the infection
milder and the period of infection was reduced. During investigations on
hamoglobin metabolism in rats infected with P. herghei by blood inoculation,
infection was suppressed in animals recelving a diet of cow’s or human milk or
of a dried preparation containing small amounts of the B vitamins and Ca
pantothenate {Maegraith, ¢t al., 1952}, The suppressive effect of the milk diet
was somctimes complete and no parasites appearcd in the peripheral blood.
latent infection was [requently made apparent, however, when the animals were
retuwrned to a normal diet. The parasites themselves scemned to be unaffected
as they gave rise 1o normal infection in fresh hosts. Since infection was not
suppressed when a normal diet was fed with milk ad 6., it appeared that there was
some factor absent from milk which was necessary for the growth of the parasite,
The observations of Maegraith e/ al. (1952) were supported by Mackerras (1953)
but Rodhain {19534) found that in wice protection by a milk diet was only of a
fimited nature in P. berghei inlections, whereas in the case ol P. pinckel, a closely
related parasite, suppression of infections gnder the same coaditions was compicte,
Galliard ¢t al. (vg54} in trying lo repeat these experiments {ound that the number
ol controls which developed a reasonable infection was so small that they could
not draw anv conclusions from their results.  Schneider and Montézin {1g53) ted
mice on a milk diet in absence of added vitamins and found that the course of
infection with P. berghe! was practically unaltered, but it should be noted that
they gave much larger inocula of parasites than did Maegraith and colleagues in
their original experiments. In a short paper Fabiani and Ovfila {1954} have
reported the results of their studics on the mechanism whereby a milk diet exerts
its effects on P. berghet infections in mice. They found that such a diet gave rise
to very irregular infections and they concluded that these vesults mav have been
due to interference with blood ceil formation, to alteration in host immunity or
o an action on the parasite jtsefl.  In this laboratory the serum from rats fed on
milk or normal diet was dilted with saline and used in measurement of respiratory
rutes ol washed rat cells infected with P. berghet in the Warburg apparatus.  This
type of experiment failed to detect any inhibitory effect on the parasite by the serum
from rats on milk diet.

The effect of milk diet on other milarial infections was investigated about
this time, Bray and Garnbam (1953) found in P, gynamolgi infections of monkeys
that a milk diet caused incomplete suppression of blood- or sporozoite-induced
mlections, whercas Jaswant Singh el al. (1953) were able to suppress completely
infection with a recently isolated strain of P. knowlesi. Ramakrishnan ef al. {(ig53)
noted, however, that blood- or sporozaile-induced infections with P. gallinaceum
in chicks on a milk diet were considerablv more severe than in controls an normal
diet.  On the other hand, Greenberg ef ol. {1g54) found that the same sporozeite-
mduced infection was suppressed while blood-induced infection was not.
Hawking {1953) reported that on adding PAB to milk, the infection was as heavy
as in animals on a control diet, and Rodhain (1953b) confirmed this observation
in three mice infected with P, vinckei. Later Hawking (1g54) extended s
previous observations to infection of monkeys, In a recent paper Galliard of al.
{1954) have reported that suckling rats and those newly weaned and kept on a
milk diet were not protected against infection by P. berghet which invariably caused
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death.  In agreement with other workers, they also fbund that mice on a milk dict
were not protecied. In a discussion on this paper Deschiens aptly points
out that whereas the adult rabbit is refractory to infection by P, berghei, sucklings
are susceptible and may die of infection.  Recently, Corradetti e al, (1954} found
that in a series of 62 rais on a miltk diet, no protection was afforded against infection
by P, berghei. Opinion on the question of the efficacy of a milk diet for suppression
of P, berghei infection in rodents is thus divided in diflerent parts of the world.
Fulton {1954} scldom found in blood-transmitted infections that suppression in rats
by a milk diet was adequate for a study of the effect of additions to the diet. Both
methionine and PAB sometimes prevented this suppression when it occurred.
When rats were maintained on an amino acid diet in combination with fats,
carbohydrates and certain vitaming, the effect of supplements to the diet could
be studied.  Judged by the number of parasites in the peripheral blood the most
pffective agent in producing parasite growth was methionine.  Laler work in this
laboratory has shown that when a protein source deficient in certain amino acids
is used in the dict, it is possible to replace all these missing aminoe acids and obtain
normal instead of suppressed infections with P. berghei in rats. When amino acids
are replaced singly, however, the resultant infection is usually much less intense,
This suggests that 1he need is not for any specific amino acid but rather for a diet
in which all essemtial building blocks are present. I thai condition is not obsecrved,
the animals invariably lose weight and their nutritional state is then comparable
to that in sfarved anmimals. However, we have not found that methionine alone
will always cause reversion of suppression of P. berghei infection in rats under these
conditions, although it has been reported to do so in P. ksswlesi infection of monkeys.
The explanation of this discrepancy may lie in the differing physiological needs of
the various species of Plasmodia,

Ramakeishuan {1953) ; Ramakrshnan & «l. {1953); Ramakrishnan ef af,
{ty33e:10536); and Ramakrishnan (1g54e; 19548: 1954¢:10954d) have made
numerons studies on the effect of diet on P. berghet infections in the rat. In
the first of these studies, the course of blood-induced infection on starved athino
rats uged two to six months was described.  The fasting period varied from five
fo ten days and was arranged to begin at different times rcative to inoculation.
fn one group, denied food or water, death of all animals occurred within eight
days and no parasites were scen in their peripheral bleod. In other experiments,
infections were found to be more readily suppressed the older the animals.  After
a period of five days’ starvation, during which parasites werc pot seen, return
1o normal diet caused their reappearance, If, however, the animals survived
for ten days, po parasites were observed when the bost was returned to normal
diet. The authors found that all animals on milk diet had parasites in the
peripheral blood but the intensity of infection was less than in those receiving
a halanced diet. There was no appreciable difference in the weight gain of
experimental and control animals showing that the animals were not in a
state of starvation. In continuation of carhier experiments on starved rats, these
animals now received various subsiances during the course of fasting. It was
found that glucese or biotin did not affect parasitamia, whereas methionine or
PAB caused growth of parasites comparable to that in controls and “The
growth was appreciably bigher in the methionine series”. After the effect of
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starvation on P. berghet had heen considered, it appearced to the authors that the
results obtained might have been caused by ketosis and the effect of a ketogenic
diet was thercfore tested. Only five experimental animals were used and the
diet of g3 pexr cent butter, one per cent salt mixture and five per cent glucose was
nnpalaiable so that food consumption by these animals was reduced; a marked
loss of weight followed and parasitemia was lower than in controls. In another
series of experiments, rats were given varying quantities of the same adequate diet
during the course of P. berghei infections so that some suffered partial starvation.
'The acute infection was markediv affected by the nutriton of the host, being less
severe in the poorly nourished rats.  When qualitatively different diets, adequate
in quantity, were fed to rats the types of dict employed were vegetarian, lacto-
vegetarian and meat. With vegetarian diets, rich in carbobydrate, a more severe
infection resulted than in the case of a balanced diet. Mortality was low and
immunity high to chronic infection. In a dict with a large proportion of meat,
the infection was more severe.  In the final paper the author summarizes in table
form the known facts regarding the action of vitamins in malarial infections. He
fed small numbers of animals for some months on a pyridoxine deficient diet and
concluded that pyridoxine was essential for P. berghet since the average daily counts
as well as peak values of parasiternia were lowest in the deficient anumals.

¥rom the foregoing summary of experimental work on nuirition and malaria,
it is scen that deficient diets fed to a host animal may either cnhance or suppress
malarial infection, according to the nawre of the deficiency. The results of
experiments in which diets deficient in a known facior suppress the infcction are
of greater importance from the point of view of interpretation in terms of parasite
natrition. In the opposite case it secms more Jikley that the cffect of the deficiency
as evidenced by a rise In parasite counts is due to an impairment of the defence
mechanism of the host, and is, therefore, outside the scope of this discussion.
However, when the infection is suppressed it is highty probable that the deficicot
factor under study is cither dircctly necessary to the metabolism of the parasite, or
that it is involved in the production by the host of a vital [actor or environment,
such as the red blood cell. However, as previously noted, deficiency may also cause
the host 1o produce abnormal end products of metabolism which are toxic to
the parasites or induce a change in the character of the gat flora.  As a result of
Muaegraith’s original observations, a considerable amounl of evidence on the
cffect of a milk dict on P. berghei infection is now available, and the complex
nature of the problem is apparcnt.  Whereas the above author found in his original
experiments that suppression of P. berghef in rats was almost complete on a milk
diet, bis later cxpertments (Maegraith, 1953) at different times in the year with
the same dict failed almost completcly 10 show suppression. He attributed this to
a difference in the quality of the milk as 2 result of change in quality of the pasture.
An instance of the results of different workers, being flatly contradictory, has heen
quoted in the case of P. gallinacenm in chicks. TFindings from other laboratories
have been somewhat vartable and the importance of such substances as PAB,
methionine and fat content of milk, are still sub judice. The variation in
physiological requirements of malarial specics used in such experiments is
undoubtedly of the greatest importance, and may give risc to discrepant resules,
The differcnce in virulence of strains, age, breed and sex of the anima) host and
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size of nocelum used by diffcrent workers must accoune in part at lease for the
vartations in reselts from different laboratories, "The relation of a milk dict to
malaria is onc of considerable importai.ce in the buman nfection and has been
investigated by Miller (1g54). Since no data were available previously, Alrican
childven naturally infected with malaria were placed on alternate diets of milk
and normal food, and for part of the time during the feeding of a normal diet yeast,
a rich source of B vitamins and PADB, was added. Tt was lound that neither of
these diets altered the course of infecticn or clinical picture in  infections with
P. falciparum or P. malarie, and it seems that a milk diet offers little hope as a
therapeutic agent. [t is difficult to come to any conclusions regarding milk diet
and the nutritional requirements of malaria parasites on account of the complexity
and variation in composition of milk and w would appear from our experiments that
neither the addition of PAB, methionine nor any other agent is of exclusive impor-
fance in reversing the suppression of P. berghet infection in rats.  Similar views have
heen cxpressed by Refaat and Bray (1053) and Maegraith {1953).  Greenberg
el al. (1954} have, however, laid some emphasis on the tnhibitory properties of
milk fat and the deficiency of trace mincrals sach as copper in suppressing £.
vallinacewm infections. '

It has been suggested that in living cells PAB functions in the synthesis of
methionine and certain purines (Shive and Roberts, 1946; Woods, 1953). The
mcthyl group of methionine is known to be a precursor of formate, which in turn
may provide carbon atom 8 in purines. The extent and importance of this
conversion s, however, not known (Welch and Heinle, 1951). The ability of
PAB and methionine to reverse the suppression of infection in starving monkeys
infecled with P, krowlest has been mentioned.  Their complementary action in
cllres of this parasite as well as their cffcets on P, berghei infection in rats on a
milk dict tends to confirm this close metabolic relationship and suggests that these
substiances may also be of importance o /', berghei.  Another property common to
both parasites is their susceptibility to suiphanilamide which has long been known
10 be antagouized by PAB. Bray and Garnham (1954) observed that P. cynomelgi
development s adversely allected by milk dict 1n the immature schizont stage
when nuclear division is occurring.  The results of Deane {1945) suggest that
active synthesis of DNA takes place at this stage of development, and since purines
are essential components of DNA, a source of methionine or PAB which may act
as precursors of purines is probably cssential to the parasite then.

It is known that deficiency of vitamin 4 in the host is accompanied by
Jowered resistance (o cerlain helminth and hacterial infections. In the case of
P. berghei, however, as previously mentioned, a less intense infection results in the
rat. Rigdon {1946) and Roos e al. {1946) on the other hand have reported that
vitamin A deficiency in the duck does not affect the course of infection with
P. lophure, since this species is too virulent in that host. The latter authors found,
however, that in the chick the same parasite causes a wmilder infection during
vitamin A deficiency., Although the deficiency is also followed by suppression of
P. berghei it secms unlikely that it is an cssential factor for the parasite. The eflect
is more probably exerted as a result of some action on the host. The only other
vitamin which has been shown to affect P. berghei infections adversely, when absent
from (he dict, is pyridoxine. In the experiments of Ramakrishnan (1g54) already
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described, one group of rats was fed on a diet free from pyridoxine and another
on the same diet to which pyridoxine was added. In the latter, the usaal signs
associated with pyridoxine deficiency were not completely abolished, The condition
of the rats in both groups indicated that their mctabolism was upset and food
consumption was reduced. The claim that pyridoxine is an cssential requirement
tor P. berghet is therefore open to doubt.

CONCILUSIONS.

fn spite of the many diflicultics mmvolved in the study of /. berghei it will
he realized from this short review that the discovery of this parasite has provided
a fruitful ficld of investigation [lor the malariologist and biochemist.  Many
problems remain as yet unsolved; for instance, practically nothing is known of the
nitrogen and lipid metabolism of this parasite or, indeed, of any other Plasmodia.

The limited studies already made have indicated that the carbohydrate
metabolism of P. berghei follows, at leasi in broad outline, the same pattern as other
malaria parasites, No abnormal components have been discoverad in ifs nucleic
acids and the pigment present is haematin, as in other specics of Plasmodium.  The
ready availability of the parasite has led to many studies on the inflnence of diet
on infection but these in pie studies are complex in character and diffientt ro
mterpret with respect to the nuotrttional needs of the parasite.

Although the preference of P. berghet for young red cells is marked, the same
characteristic has been encountered in other malarial species.  Nevertheless the
marked predilection of P. derghei for the reticuloeyte, rather than the mature cell,
poses a fascinating problem for the biochemist. It has been suggested in the
case of P. virax malaria that only reticulocytes are invaded and that matration
of the host cell occurs subsequent to infection. It is not clear whether this happens
in P. berghei infections or whether the parasitized mature cells which are [requently
scen in early stages of infection arc invaded in the peripheral blood. In later
stages ol infection, the number of circulating reticulocytes present increases
markedly and they appear 0 be preferentially invaded to 1he exclusion of mature
red cells,  Possibly some factor in the mechanism of invasion is at work or perhaps
the parasite invades both mature and immature cells and survives only in the laticr,
The failure to observe degencrate parasites within mature cells would appear to
favour the hypothesis concerning the invasion mechanism.  Further biochemical
differences between P, berghei and other species may also be involved and, as
reiterated in  the text, iz zitro culture of the parasite becomes of owstanding
importance for the solution ol a number of these problems.
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STUDIES ON PLASMODIUM BERGHEI N. SP. VINCKE
AND LIPS, 1948.

XXI, Administration of an extract of male sex hormone te
orchidectomised and non-orchidectomised albino rats with
blood-induced infection and its effect on the course of
infection in its different stages.*

By
A. K. CHAKRABARTT.
(Malaria Institute of Fndia, Delhi.)
[May 12, 1503

It is well-knows that young animals are comparatively morc susceptible to
experimental parasitic infections than the full-grown adults of the same species.
As postulated by Calbertson {1g41), it would appear possible that resistance in
very young animals could be relaterd to the sex-hormones as well as to those
claborated by the other endocrine glands.  According to him, young female rats
could be rendered significantly resistant to artificially induced infection
of Trypanosoma lewisi by either giving them subcutaneous injections of oestrin or
transplantation of pituitary glands obtained from adult non-immune rats,

Smith (1942}, in course of his work, noted that hypophysectomy in
experimental animals resulted in a profound involution of the thyroid, the adrenal
cortex and the gonads and that their functional actvity was greatly reduced giving
rise to a diminished resistance to trauma and infection.

Constantin and Shwartzman (5954) have observed that susceptibility of
Syrian hamsiers to intracerebrally inoculated poliomyelitis virus was enhanced
for the first few days after expertmental orchidectomny. They alse noted that,
conversely, the animals exhibited increased resistance to the virus infection as a
result of either administration of testo-sterone in high doses or testicular hypertrophy
induced by treatment with GTH or chorionic gonadotrophin.

Ramakrishnan, Satya Prakash and Krishnaswami {1951) while studying the
influence of sex on the various stages of infection with P. berghei, held the view that

*Thiz paper reparts a part of work lor a thesis proposed W be submitted for a doctorate,
pap 1 P T

(177)
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the female rats were able to overcome the primary parasitemia comparatively
eatlier than the males. Greenberg, Nadel and Coatney (1953) also supported
the above observation by saying that, apart from the genetic constitution of the
host, the ferale mice of the same strain survived Jonger than the males.

Galliard and Tappierre (1951) observed that, injections of male hormone
{sterandryl) did not cause any modification of P. berghei infection in white rats.
/uckerman and Yeoli (1954) found that neither orchidectomy nor ecophorectomy
has any demonstrable effect on the susceptibility of the host to P. berghet.  Ray
and Bose (1954), on the other hand, noted that, in oophorectomised mice and rats
infected with P. berghei the parasitzmia remained at a considerably lower level
than in the controls.

Satya Prakash, Chakrabarti and Ramakrishnan (1955} while studying the
effect of orchidectomy on blood-induced infection of P. berghei, in albino rats,
showed that the average daily parasitemia was distincily bigher in the orchi-
dectommised animals than in the nop-orchidectomised specimens. The present
work was carried out with the objects of {4} studying if, and to what cxtent, the
course of infection in the orchidectomiscd animals differed from that in the intact
ones, and () obscrving the effect of an extract of male sex-hormone* on the
infection in both orchidectomised and the intact groups.

MATERIAL AND METHODS.

'The sirain of P, berghett maintained in the white rats at the Malaria Institute
of India was used. The standard dose of inoculation was 1 x10% parasites per
animal injected through the intraperitoneal route.  Details regarding experimental
inoculation and enumeration of parasites per 10,000 eryihrocytes in the daily
blood smears were as described by Ramakrishnan, Satya Prakash and Krishna-
swarm {195%).

Two series of experiments were carried out with 53 rats in Sertes T and
24 rass in Series 1. All the animals were young adults of about the same age
{40 weeks) and approximately of the same weight groups {(1go grammes), The
animals belonging to Series I (13 rais) were divided into two main groups—Group 1
consisting of seven animals and Group II six animals. Those of Series 11 (24
rats) werc similarly divided into Groups IIT and IV, each comprising r2 animals.

Animals of Groups I and 1T (19 rats) were subjected to bilateral orchidectomy
usider general anasthesia (nembutol administered intraperitoneally 15 mg./20 gm.
body weight). The technique of orchidectomy was as described by Ingle and
Griffith (rg49). The animals of cach of the four groups were further divided into
two sub-~groups each, for the study of the ceffect of parenteral administration of
testandrone,  Thus, Group I was divided into sub-groups < A’ {four animals) and
‘B’ (three animals); Group II into sub-groups ‘G’ (three animals) and ‘D’
{three animals); Group I into sub-groups * E’° (six animals} and ‘F* {six animals)
and Group IV into sub-groups * G’ (six animals} and * H’ (six animals}). These

*Testandrone——. W, Carnrick (Io, -LI(_ij,- N*\:vark, N ,HG.S.A.

+ Receivad in 1952 through the courtesy of Brigadier . 8, K. Boyd of the Burroughs Wellcome
Laboratories Lid., London.
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subvlivisions were made in order thal one sub-group in vach group should scrve
as control.

Each one of the 37 rats was inoculated with 1 x 0" parasites.  ‘Those of
Series 1 were inoculated about a week afier the cxperimental orchidectomy and
those of Series If three days afier. Concurrently with the parasite inoculation,
animals of the sub-groups “A°, *C°, ‘£’ and ‘G’ were subjected to intraperitonceal
administration of testandrone daily. The dosage schedules were as shown in
Table T below:--

Fapre I,

Dasage schedule of lestandroue.

: Rrarme 1, : Revamy 11,
2860 my. westandrone/it ke, body l 25 mg. testandronefst kg,
weirght daily. Bodly weight daity,
Series., s S
C Nupther of sith- | Nomboer of suls- | Number of suli- | Number of sube-
: group *A° : group * (1 group " L7 group G
. l aniinals, ; antfats.” | animais.
e L P b e
§ : ;
1. ! i : [
: _ ‘ ? ;
: ! t
T : 6 | 8
' ! !

*FThese anfmals recrived their daily injections of testandrone in (e prescrified dose
fran theee dave prios Lo the parasife inocclation, while the cost received it fram the day of
inoculatinn,

RESULYS,

Ihe main eritenia ol assessient were the dailty parasitemia and the peak
parasisemia of both the cxperimental and the control animals.  But, since in a
hiological experiment, individual variations arc apt to occur {requently, the average
figures [or the daily and peak parasitamia for (he animals of the respective groups,
are shown in Table IT below:- -

Tt will be seen from Table 11 that, of the animals of Group IV (non-
prehidectomised rats), those treated with hormone showed o higher average daily
parasttzmia than those without i, ¥t was of interest to know, whether this
difference was uniform throughout the period of observation or H was applicable
to any particular interval during the treatment. An analysis of the average daily
parasitemia on a weekly basis for animals of both groups IT and IV was, therelore,
made and the resalt has been given in Table I below.  Although the Group I
animals, with and withowt testandrone, did not evince any significant difference in
their average daily parasitiemia, they have also been included in the table {or
completion, as well as for better comparison with those of Group IV.

Tt is scen from Table ITI that the average daily parasitemia in the intact
animals of Scries I, treated with testandrone, showed a rapid decline from the
second week onwards; whereas in the corresponding animals of the series without
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Tasrr I,

Average figures of the daily and the peak parasitemia in respect of the experimental
animals and the control animals.

i
AVERAGE DALY PATASITEMIA] AVERAGE PEAK PARASITEMIA]
i L0000 ERYTIIROCYTES. 19 i}ﬂll ERYTHROGYYES.
Experi- ! l With 1es- SW'ilh ies- \Nith t(S- \Vll.]] tes : .
maeril Rae group. ! tandrone | tandrons | Without | tandrone * tandrone ' Without
weries, 250 mg.f3 | 26 mg IO leslan- (250 mg /30 285 mg &) | testan-
kg. body kq hncly dromne, kg. body kg, body - drone,
[ weight, . weight, - weight,
. |Group I, LY 363 BIZ .. 1638
{Orchidectomised)]  (Sub- {Suh- (Sub- ! (bub—
group 'A% wronp ‘i) ’gl‘oup ATy gmup i)
Group T Ja2 ! 198 | asa . | 1,173
i (Non-orchidec- {Sub- - {‘-mh- | {(Sub- {Sub-
‘; mmi&("d) qrnup ‘(_.} 1l g_,| nup rJ’ qurmlp ( i ] gmup‘[)’
1. l(urmp s, L s 2,365 | Teaes | aman
- {Orchidectomised)| | (Sub- {Sub- % {‘auh- i Bab-
: [ weoup “EY Cgrowp 14} E group 'F'} Daroup 1}
Group IV, b e 87 ap19 b 3860
, (Nop-nrehidee- | {Sub- {Sub- ! {Sub- | (Sal-
wmised) gvoup "G’} jgroup ') ’ jgmup ‘G | group ‘HY)
) : ] i
Tasip IIT.
Analysis of the average deily parasitemia.
! § i
! AVERAGE DAILY PARASITAMES ] !
Ex- - l(k W) ERYTHROCYFES. | Blatistical signi-
poti- Rat group. - J e mee— - — ficance (result
ment | I‘msl wee k Second week '[hml week poof ")
series. i after i after l alflep
i » inoculation. | m(u:uiatmn F inoculation.
I. _rGroup IT with testangrone | - J l(b-ar) is not
i 350 mg. /50 kg. body weight ! significant,
1 {Sub-group ‘G7). 200 | B0{a) ! 0 i (p = aboutf-d),
i Group 1T without testan- | f j ;
dront (Sub group ‘. 250 I A00(E) o
— S U SV B = mrm— o ————
[[. § Group IV wi th testandmnc W) ll 2,000 [ K| JUG (r) (c d) is lngl}[y
i 23 mg.f50 kg, budy weight i ¢ significant.
! {Sub-group ‘G’}. ! U {p == abowl ¢-02).
) 4 :
! Group IV without testan- 690 2000 | 0008 |
! drone {Sub-group ‘H". l ] :
! S N S

wstandrone, the parasitemia presented a rise, instead of a decline, during the same
period although it eventually came down in the third week.  In the intact animals
of Series 11, on the other hand, the average daily parasitemia in those treated with
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the hormone, cxhibited the samec rise as in those without the hormone in the
second week. In the third week, however, the parasitemia in the animals treated
with hormone remained at a much higher level than in those without the hormone,
although it had a tendency towards decline. On 2 careful scrutiny to ascertain
as to whether the above disparity in the result could be attributed to any individual
variation or not, it was found that such an event did not occur.

INSCUSSION.

Under the limitations of the investigation it would appcar that, absence of
the sex hormone causes a more severe course of infection in the male rais, Such
an cvidence is observed from the higher average daily and peak parasitemia in
the orchidectomised rats than in their controls (Sub-groups “‘B’, "D’ *F’ and
‘H? in Table I1}.

The observed effect of the sex-hormone in the male can obviously be due to
its infiuence either on the parasitic metabolist or on the host immunity mechanism
or both., Moreover, if the influence of the sex-hormone be solely on the host-
immunity mechanism, it can be either on the innate or on the acquired immunity
or both. Table IV similar in principle to the Table IT1, presenting the comparative
weekly variation of average daily parasitemia in the orchidectomised and intact
animals, is given helow i~

TasLe IV,
1
Lxperie | AVRERAGE DAILY PARASIT. LMIA] 1,000 pryTHROCY TES,
"qf"r: ; Rat group without e v ' '
ment -y testandrone, 1 Pirst waeek after WSccond waek after [']‘hird week after
RECEEE, Y inoculation, inoculation. !  inoculation,
1. Group I (orchidectornised) 300 504 1
t {Sub-group ‘B’).
1
t Group IT {[ntact) 200 400 o
{Sub-group ‘D'}.
118 Group ITI {orchidectomized Gnn 4,000 4,600
{Sub-group ')
1 Group IV {Intact) 300 2,004 100
i {Sub-group ‘A7)
; i

N.B.—The figures have been rounded off to the nearest 100,

It is seen from the above Table IV that the average daily parasitemia in
the intact animals is always at a lower level than that in the experimental ones.
The difference between the levels appears to be more pronounced from the second
week onwards. Such a trend in the difference, especially in the later phases of
the course of infection, possibly indicates that theinfluence of the male sex-hormone
is more upon the specific than upon the innate immunity, if at all.

But, it should also be borne in mind that, as much as the master endocrine
gland, the pituitary body, controls the functions of the gonads through its
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gonadotrophic hormone, the gonads also by virtue of their hormonic dysfunction
can create an imbalance in the pituitary, and through the pituitary they can
cause a functional disorder in some other endocrine glands of the system, As a
result of such a general endocrinal disorder, originating from dysfunciion of the
gonads, the metabolic pattern of the animal undergoes considerable changes. Such
changes in the host-metabolism may be reflected on to the parasite inhabiting the
host, thereby resulting in an alteration of the parasitic metabolism also.

The role of the male sex-hormone in the host-parasitc relationship in P.
berghei infection, of whatever naiure it may be, seems to be further confirmed by the
result of the substitution therapy with testandrone in the erchidectomised animals,
The orchidectomised animals (in both the experiments) treated with testandrone,
showed a reduced level of the average daily and peak parasitemia than those
without the hormone.

Another observation was that, in the first experiment, the orchidectomised
animals treated with testandrone {250 mg. testandrone /50 kg. body weight) showed
a Yower average daily parasitzmia and a higher peak parasitemia than the intact
ones treated with the hormone; whereas in the second experiment both the
above items were higher in the experimental animals of the corresponding group than
in the intact controls. According to the expectation based on the observations
discussed above, both the average and the pcak parasitacmia in the experimental
animals, treated with testandrone in high and normal doses, should have been
normally higher than those in the corresponding controls, because, in the intact
animals the extraneous male hormone should have supplemented the already
existing sex-hormone elaborated by their testes. As far as the peak parasitzmia
in both the experiments and the average daily parasitemia in the second experi-
ment are concerned, the results tally with the expectation. The only disparity
that is observed, is in the average parasitwemia of the pertaining groups of rats in
the first experiment. A significance test (“ ¢ test) performed to determine, if the
differcnce between the mean parasitemia of the iwo groups (162 - g4 =: 68) was
actually significant or not, showed that it was but a chance occurrence resulting
irom certatn individual variations and may hence be igrored.

In the normal animals, the results of the two series of experiments were very
much different from cach other. The Group II animals of the Series I treated with
the hormone showed an insignifican: decline of the average and the peak
parasitzmia as compared with the animals of the same group without the hormone.
On the other hand, in Series II (Group IV}, the result is seen to be reversed.
According to Moore {1g42), administration of androgens as well as oestrogens to
voung animals with actively functioning testes, proved injurious to the testes and
that the harmful influence was again secondary to the retardation of the function
of the pituitary gland. Wright (1948’ also stated that, when cither oestrogens
or androgens were administered for long periods, certain structural and functional
changes occurred in the anterior lobe of the pituitary gland resulting in a derange-
ment of the functions of this gland. The secretion of the gonadotrophic hormone
was thus retarded in both sexesleading ro proportionate degrees of atrophic changes
in the ovaries and testes, The non-orchidectomised animals of the Series 1,
which were treated with testandrone, were given ten times the dose of the hormone
more than the corresponding animals of the Series II, The daily administration
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of the hormone in normal dose 10 the animals of the Series IT might have caused
some amount of damage to their normally functioning testes, instead of totally
accelerating their functions, Thus, it may be possible that on account of the
depression of the testicular activity by the extraneous hormone, the animals behaved
in a relatively more susceptible manner to the parasitic invasion than the intact
animals without the hormone. [In the Series I, the hormone administered might
have somewhat interfered with the functions of the normal testes but, the dose
being high, adequate free hormone might have also remained in the system to keep
down relatively the invasiveness of the parasite.

SUMMARY.

Bitateral orchidectomy 1n albino rats vesulted in a higher average daily
and peak parasitemia in blood-induced infection of P. berghei.  Testandrone
administration in both heavy and normal doses in orchidectomised animals checked
the invasiveness of the parasite considerably. In the intact animals, testandrone
in normal dose boosted up the parasitiemia as opposed to testandrone in heavy dose,
which comparatively subdued the infestation. The reason might have been a
retardation of normal testicular function brought about by the administration of
extraneous testandrone in normal dose. Testandrone adwinistered in heavy dose
might have excrcised a similar effect but apparently due to perhaps some free
hormone in the system, the parasitemia was comparatively depressed,
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OBSERVATIONS ON THE INCIDENCE AND TYPES
OF TUBERCULOSIS IN RHESUS MONKEYS ON
AUTOPSY STUDIES,

BY
C. P. NAIR, pMs, spna.
AND
A. P. RAY, M85,
{Malaria Institute of India, Delhi)

[May 19, 1955.]

Jaswawnt SmcH o al. {1951) isolated tubercle bacilli from lung, hiver and
spleen of M, mulatta, showing different types of tuberculous lesions.  'The organisms
were found to be of the human type. Subsequentdy, Nair and Ray {1954}
demonstrated a correlation between tuberculin test and lesions in the same species
of monkeys. The present report deals with autopsy findings of g5 tuberculous
monkeys out of a total of 232 (43 per cont) autopsies, An attempt has also been
made to correlate the incidence and types of tuberculous lesions to the period of

captivity.
1. INCIDENCE OF TUBERCULOSIS.

The incidence of tuberculosis and the period of capuvity are shown in

Table L
Tapre I,

fncidence of {ubercudosts, expressed in ferceniage and bused on aulopsy findings,
in relation o peried of capuivity of the monkeys.

PURIO) OF CAPTIVETY UP TO
Number of munkieys, } ;
2 4 -2 2-3 | 84§ 8-12 | 12-24
wecks. | weeks. | months. | months, | months, { months. | months.
;
Autopsied ... e f B2 43 50 25 30 | 17 15
[
Positive for tuberculous |
tesions ... 12 i 21 1} 15 '[ 13 13
Percentage showing tuber- ]I
culous lesions 23 23 42 44 b I i f 80
: |
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Twenty-three per cent of the animals, autopsied within one month of their
captivity in the animal house, showed evidence of tuberculosis, as against 50 and
77 per cent up to three and six months, respectively, and 8o per cent after 12 months
of captivity.

it confirms the general view that longer the monkeys aze kept in captivity
the higher is the incidence of this disease,

II. GROSS AUTOPSY FINDINGS.

Yrom the postmortem studies made in the g5 monkeys with cvidence of
tuberculosis, the gross lesions observed are discussed below —

ta) Respiralory system.—The lesions in some monkeys were of the nature ofa
few tiny translucent nodules of the size of a millet or even larger, located in the
upper lobe of one or both lungs and at times in other lobes also. These tubercles
were sometimes surrounded by arcas of consolidation. Very often they were
caseous but occasionally they appeared fibrotic or calcified.

In some animals, either the whole lung or some lobes only, showed smooth
firm areas which, when cut, revealed extensive irregular cascated arcas resembling
caseous preumonic type of infection in human beings.

Lesions associated with broncho-pneumonic type of infection were also met
with. The lung in these cases sometimes appeared voluminous with firm masses
scattered over its surface. On cutting, they showed creamy nodules standing out
with or without any localization. In some specimens, the tubercles appeared in
clusters, In others, caseation was seen in the centre of some of the tubercles or
in the whole cluster, thus resembling lesions in the humans. At times, few scattered
tubercles were found in the base of the lungs.

Sometimes a lobe or whole of a lung appeared dense with firm adhesions to
chest wall which probably indicated a somewhat chronic infection.  In these cases,
the organ was covered with tubercular nodules of various sizes, some caseating and
others even liquified. Cicatrizations and’or tabercular cavities were also not
uncommon in such cases.

In many monkeys, miliary tubercles were ohserved on autopsy. In these
cases, grey or greyish yellow tubercles were found scattered throughout the Jung
from the apex to the base.  In these cases a’so the lungs appeared to be voluminous.,
The tubercles were scen as minute solid rounded bodies about 1 to 2 mm. in
diameter or sometimes even more.  In some instances, these tubercles were found
clustered into groups. At times these clusters were found confined to one particular
lobe, either the upper or lower.

The central part of these tubercies invariably showed caseation and even
liguefaction, Some amount of congestion was noticed in the intervening areas not
covered by tubercles.  Grey tubercles occurred also over the whole pleural surface,
especially between the lobes and diaphragmatic surface, Mediastinal glands were
tfound affected and in some cases these were found actually bursting into the bronchi
and liberating the Jiquified necrotic material into the lumen.
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{#) Cardiovascular spstem—Pencardial cifasion and dilatation of the righe side
of the heart were seen in some of these animals, and on one occasion caseous nodules
{miliary type) were scen in the heart itseif,

(¢} Gastroinlestinal tract.—Intestinal tuberculosis was also common in the
post-mortem findings, Minute grey or yellow tubercles, mainly in the submucosa
and the muecous membrane, entirely encircled the lumen.  These were more
numerous in the cacal region but extended sometimes in equal numbers up to the
rectum unlike the disease in the human, Only in a few of the animals, evidence
of infection was seen in the small intestine. Surprisingly enough, tubercular
ulceration of the intestine was not usually observed. Intestinal tuberculosis
occurred either alone or in association with lung infection, Enlargemcent of the
masenteric glands occurred in majority of the cases. Stomach was found always
free from tuberculous lesions,

{d) Liver and spleen.—Affection of liver and spleen was invariably associated
with gencralized miliary tuberculosis,  Infection in the liver gencrally appeared
as discrete caseating nodules of the size of a cut pea or almond, distributed here
and there over the surface of the organ. Grey or cascating miliary tubercles
affecting the entire organ were also seen in a few cases.

Whenever spleen was found aflected it was usually enlarged.  Grey or
vellow tubercles were seen sometimes crowding the whole organ.  Most often they
were discrete and few in number. These tohercles usually were of the size of a
small pin’s head. Sometimes cascating tubercles of the size of a pea were also
found in addition to the innumcrable minute ones.  On section, the organ appeared
to be dark red with tubercles projecting slightly above the cul surface.

In one of the animals showing miliary tuberculosis of tungs, liver, spleen and
omentum, the pancreas also showed a caseating mass about the size of 14 < 1}inch.

te) Genito-urinary.—Affection of the kidney was rather rare. On two occastons,
in acute generalized tuberculosis, a few scattered minute grey tubercles situated
on the cortex were seen under the capsule. Urinary bladder and testicles were
not found to be affected in any of the autopsies done.

(f) Bones and joints—A few animals which were under captivity for over a
period of a year, showed ankylosis of the hip joints,

In many instances, particularly those showing broncho-pneumonic or
gencralized miliary type of lesions, the diagnosis was confirmed by demonstration
of tubercle bacilli in the smears.

[Ii. TYPES OF TUBERCULOQUS LESIONS.

The types of lesions, as judged from the above gross postmortem findings,
are apalysed in Table II in relation to the extent of capiivily of the monkeys in
the animal house.

It is evident that the wberculous lesion in the majority of the {reshly caught
monkeys, was in the form of calcified tubercles but during captivity the incidence of
active tuberculosis became very obvious. Caseous pneumonic type was prevalent
amounting t0 20 to 24 per cent of the total tuberculous lesions up to two months
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after captivity but thereafter the incidence was on the decrease.  Broncho-
poeumonic type was not secn in post-mortem done up to two months but thereafter
it showed an incidence of 10 ta 13 per cent. Generalized miliary tuberculosis
was the main type observed in all late deaths, Its incidence which was nil up to
one month was nine per cent between one and two months and 50 per cent between
12 to 24 months. During the various periods, 6 to 20 per cent of the tuberculosis
cascs belonged to the subacute or chronic type, and 8 to 14 per cent showed
infection of the intestines. It is seen from this that in almost all recorded deaths
due to tuberculosis after six months, severe lesions were cobserved indicating that
these animals are highly susceptible to the disease. This also shows that the
immunity of those animals under captivity to the disease is very low and that once
they contract the disease they succumb to it within a few mounths. These findings
corroborate those recorded by Habel {1947).

Tasre 1I.

Types of wuberculous lesions observed during autopsy and their relation to the
duration of caplivily of the animals.

PEROENTAGE INCIDENCE QF THE DIFPERENT TYPES IN RELATION T0

Type of tuberculous TIHE PERIOT OF CAPEIVITY {IN MONTHS)
lesions. ’
0-% 31 1-2 2-3 36 6-12 12-24
A few calcified tubercles 66 44 &t}
Early caseating tubercles 14 20 Fa!] 35 28 25 23
Caseous paoumonic ... E - 24 5 HI 7
}

Broncho pneumonic .. U 13 I LA T 12
Subacute (chronic) tuber-

culosis associated with :
adhcsions .., 20 5 ki o G

i !
Generalized miliary I i !
tuberculosis... t ] 24 27 1 48 ; a0
Toiestinal tubcrculosis ' £
{without jung infection) 3 E 2 3 f 8 ’ 4
Intestinal teberculosis ‘ | {
{with lung infection) 9 | 8 0 f b !' 4
. } H
SUMMARY.

Morbid anatomy of simian tuberculosis, based on autopsies performed in
15 tuberculous monkeys, has been described.

Up to one month of captivity, calcified tubercles formed the major
tuberculous lesions whereas after 6 to 24 months these lesions pertained mostly to
generalized miliary type. Infections resembling other forms of human tuberculosis
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such as early cascating, cascous pneumonic, broncho-pneumonic, subacute or
chrounic and intcstinal, were also common,

The incidence of the disease was found to increase progressively with ihe
cxtent of stay of these animals under captivity,
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STUDIES ON NURI STRAIN OF P, KNOWLESI
Part VIII. Comparative study on g-aminoquinolines.
ny
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DurinG prelininary studies on the effect of various synthetic drugs against
P. knowlest originally isolated by Sinton and Mulligan (1932), it was observed that
synthetic preparations of the g¢-aminoquinoline series like chloroquine and
amodiaquine were more effective than mepacrine, proguanil, aphacrine and
metachloridine in the rapid clearance of parasites from the peripheral blood
(Jaswant Singh, Ray and Nair, 1949). In the subsequent trial, Jaswant Singh
el al. (1951) reported that chlorogquine diphosphate (Winthrop’s) and resochin
{Bayer’s) were both identical in their effect against the same strain of parasite, Since
the isolation of the highly virulent strain of P, knowlesi Nuri strain (Jaswant Singh,
Ray and Nair, 1953; Edison and Davey, 1953), all chemotherapeutic studies have
been undertaken against this strain in preference to the old strain more so as the
latter had generally lost its virulence. The results of such trials with pyrimethamine,
proguanil, quining, the active metabolite and the precursor {M. 3349) ol proguanil
have been recorded previously (Nair ef al., 1953:1955). In the present report,
the relative merits of the different g-aminoquinoline drugs have been recorded.

METHODS AND MATERIALS.
Monkey,—Seventy-two healthy M. mulatia muletle weighing from 3 to 6 kg.

body weight were used for the tests. Batches of two to six infected monkeys were
placed on each dosage regime of the corresponding drugs as shown in Tables I-IV.

{191 )
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‘ Taste L

Effect of avalen against blood-induced P. knowlesi (Nuri strain) infoction.

j Deceleration Crass 1] EFFECTS:
Dosage Nu?fbﬁr Tneffective | of p:;;a;itcs ; Clearance of parasites. Relapse,
?I'f”.’;:f by A R A | R
PROYEC- | Number. | Number. [Number, (i:‘:;;%‘f (hm- Number, (d:?:ff[ {da?;}g.“:'

T I
-8 2 2 R .
340 2 1 1| 36 1 1 s
2-1% 5 5 - - 1) 136-8] 72-168 b ; 9 6-12
02 4 4] 102 | 72120 | 4 o725 | 78
25 3 s .. a3 128 96-163 2 i 3 7-8
g0, 2 15 W 84-00 1 B

* Alter the cessation of treatment. ¥ Minimal effective dose. 1 One dled due to inlercurrent disease.
§One showed Class 111 effeet.  [[Including the one that showed Chass IEE effect,

TapLr II1.

Effect of avloclor against blood-induced P. knowlesi {Nuri strain) infection,

Incffec- | Crass |
Dosage ; Nu';:br.r tive. | EFPECT Guss TI xrrects:
?I;'aick)g me& I Gcamnccclnf parnsites. Rclapse,
T R | oy e | e
i'B 2 1 1 144 1 ]
1+6 2 1 1
17 2 1 1 1% 13 3
184 5 . 53 {12000 | 120-144 3 ¢ X
2-0 4 4 129 120-166 4 6 5-7
30 2 2% 78 60-98 H 12
* Aftey the cemation of treatment. 1 Minimal effective dose.

1 Two died during observation period. §One died during the observation period.
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Taprr 1JL

Effect of nmivaquine against blood-induced P. knowlesi (Nuri strain) infeclion.

; Ineffec- | Crass T Crass 71 grrEcrT.
iNumber | tive, | EFFRGT, 1

Dosage . of -

mg. kg gmunkcys Clearance of parasites .R.elapsaeF
(base): Ecrrgziif)y- Numbher. Number. Number. Averager Range Number A\rc‘:r.t-a,r;cE Range
| | (hours).| (hours). YU P (days)* | (days)*
TR ] 1| 56 v s |
2.2 J 2 . } i 1 134 oee ! 4
23 2 ] N 144 1 3
244 i 3 2 S T
35t 8 G | 104 106108 4 | 775 | 610
506 ‘ 2 ‘ v 12 84 | 72-96 2 1185 | 18-19
* After the cessation of treaiment. t Minimal effective dose.

* Cure in one; another died during ohservation period.

Tapre IV,

Effect of amodiaquine against dlood-induced P, knowlesi {Nuri strain) infection,

Incffee- ! Crass § Crass 11 reracy.
Number | tive. | EFFRCT.
Bosage | of
mg. kg, monkeys Clearance of parasites. Relapse.
{hase}. cmi;(ll‘fy' Number. \Number. Nomber JAverage | Range fo Average| Range
WDEL thonrs). | (hours). [ 77| (days)* | (days)*
2‘0 s 2 2 LE R -y b ara LN} EE R LER]
2+2 ;i 1 . 0f .
243 ¢ 2 2
|
34 ! 3 t 2 114 [108-120 a B 5-7
2-5t i - s 53 144 $4--168 b 6-3 57
o |2 2 | w8 [g6-120] 2 8 8
35 2 | Py o6gs | 72-120 ) 12
I SO SO O, E U S A
* After the cewsation of treatment, 1 Died during observation period,
1 Two died during ohservation period. § Class [T effect in one.

§§ Includes the one in which Class 11T effect was produced,
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Parasite—Nuri strain of P. knowlesi maintained in M. mulatta mulatia by
successive serial passages was used for infecting the animals. A standard dose
of 5 xro® parasitized erythrocyles per kg. body weight was introduced by the
intravenous routc throughout. Blood smears were collected daily from these
animals both in the morning and evening up to the treatment period and
once daily thereafter, and stained with J.$.B. method (Jaswant Singh and
Bhattacharjee, 1944). The parasite densities were determined against 10,000
erythrocytes.

Antimalarials.—The drugs tested were (1) aralen (chloroquine diphosphate)
of Winthrop Product Ceo., (2) avloclor {chloroquine diphosphate} of Imperial
Chemical Industries, {3) nivaquine {chloroquine sulphate) of May & Baker,
and {4) amodiaquine {camoquin} of Farke, Davis & Co. Different dosage
schedules ranging from 1°5 to 3'5 mg. of the drug per kg. body weight of the animal
were used for the testing. These doses were all in terms of the base of the drug and
were administered orally. The first dose of the drug was given when the inital
parasite density reached about 001 to o't per cent cell infection (this in most of
the cases occurred within 36 to 48 hours afier inoculation) and subsequently it
was repeated once every day in the morning up to a wotal of seven dases.

Criteria of activity,-—This was determined by the ability of the particular dosage
of a drug to clear the parasites from the peripheral blood by at least the day
iollowing drug administration (Class II) effect of Shannon (Wisclogle, 1946).
The minimum dosage of a drug which produced this Class 11 effect was recorded
as the minimal effective dose (MLE.D.),

If after the initial clearance, no recrudescences were observed during the
period of observation (four weeks), splenccromy was performed. Continucd absence
of parasites in the peripheral blood for a subsequent period of four to six weeks
characterized the eradication of infection.

RESULTS.

The details of the findings obtained with aralen are recorded in Table 1.
Dosages less than 2:0 mg. were found ineffective, Disappearance of parasites was
obtained within 72 to 168 hours after the commencement of treatment in all
cases treated with 21 to 3°0 mg, doses. Of these, except one monkey in which
the infection was cured with 3-0 mg. dosage, all the rest exhibited only a Class I1
effect. The minimal effective dose {M.E.D).) is, therefore, taken as 2'r mg.
Relapses associated with the Class [T effect occurred within § to 14 days after the
cessation of treatment.

Avloclor was tried in dosages ranging from 15 to 370 mg. Up o0 a dose of
1'7 mg., one out of two monkeys tried in each schedule failed to show any effect
on the parasites but all monkeys treated with 18 mg. and above showed Class it
effect and, therefore, the latter dosage is recorded as the M.E.D. of the drug
{Table IT). The disappearance of parasites from the peripheral blood at this
dosage was effected within 6o to 156 hours, and relapse within three to twelve
days after the cessation of treatment.
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From Table TI1 it will be scen that though (ass IT cifect could be observed
in some monkeys even with dosages ranging from 2-0 to 2:4 mg. of nivaquin, the
minimum dosage required to cleac parasites from all monkeys before the cessation
of treatment was 25 mg. which, therefore, represent the M.E.D. of this compound.
At this dosage, parasite clearance was attained on an average of 104 hours (range
96 to 108 hours}, The inital clearance of parasites was, however, followed tn
all the cases by relapses which occurred 3 to 19 days after the treatment.

The effect of amodiaguine is given in Table IV, 240 to 2'3 mg. dose of this
drug was mostly inactive whereas 2'5 mg, and above were effective in clearing
parasites from peripheral blood in 72 to 108 hours. All these monkeys relapsed
five to twelve days after discontinuation of treatment. The M.E.D. of amodiaguine
is, therefore, considered to be 25 mg. for Class 1T effec.

DISCUSSION.

Nair e al. {1953) recorded the minimum eftective dose of quinine against
Nuri Strain of P. knowlesi as 30 mg.  In the present investigation, it was found that
the MLE.ID. of aralen, avloclor, nivaguine and amodiaguine was 23, 1°8, 2°5,
and 2°5 mg., respectively. Thus the quinine equivalent of aralen is 14'3; of
avioclor 16'7 and of nivaquine and amodiaquine 12. Broadly speaking the
quantitative therapeutic efficacy of all these four drugs did pot show a wide margin
of variation, at least against this strain of P. knowlesi. However, some differences
were cncountered against P. gmomolgi. The quinine equivalent of chloroquine
and nivaguine were observed to he 13°3 visa-vis avioclor and amodiaquine, the
Q.E. of which were noted to be 20 and 57, respectively, {Jaswant Singh, Nair
and Ray, 1953}, whereas against P. gallinaceum in chicks, the quinine equivalent of
chloroquine and amodiaquine were reported to be 16 and g2 (Jaswant Singh ¢t al.,
1952). These have been summarized as per table below,

P. paltinareum. . P. synomolgi. ; P. knowiesi.
_\mlen - .:. __.!_’.‘,_, I,_ — E e _H -
Aviockar . , M} % 167
Nivaguine I’ 133 1 4
Resochin : 133 i
Atndiaquine . a2 \ 37 E 12

¥rom these it would be evident that although there are wide variations
in the quinine cquivalent of chloroquine salts and amodiaquine -against P
gallinaceum in chicks and P. gynomolgi in monkeys, the activity of these compounds
would appear to be somewhat similar against P. knowlesi. Earlier Jaswant Singh,
Ray and Misra (1953} had encountered that against P, falciparum, parasite clearance
occurred more ot less during the same period when patients were treated with
chloroquine preparations or amodiaquine. From these observations one is inclined
to draw inferences that perhaps there conld be some correlation between effects of
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antimalarials against P. knowlesi and P. falciparum, I this could be established with
all other known antimalarials as well, the present investigation would seem to be
of some value as it demonstrates clearly that what is true for P, knowlesi is true for

P, falciparum,
SUMMARY.

Aralen, avloclor, nivaquine and amodiaquine were tested against blood-
induced Nurt strain of P, knewlesi infection, following the usual standard techniques
adopted at the Malaria Institute of India.

The minimal effective dose {M.E.D.) of these drugs was found to be 18 mg,
for avloclor, 2°y mg. for aralen, and 2°5 mg. for nivaguine and amodiaquine.

The existence of direct corrclation between the effect of drug against P.
knowlesi and P, falciparum is discussed and the importance of carrying out preliminary
investigations on the chemotherapeutic value of new drugs against this simian
plasmodium is stressed.
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STUDIES ON NURI STRAIN OF P. ENOIWLESL

Part IX. Susceptibility to sulphonamide substituted dihydrotriazine,
saulphadiazine and mepacrine.
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ProcuaniL and the aclive mctabolite of proguanii belonging to the
dibydrotriazine group werc previously tested against Nuri strain of P knewiest
iNair, Ray and Jaswant Singh, 1953; Nair, Bami and Ray, 1955). Recently, a
similar dihydrotriazine {1 ; x=sQ3, NH,) has been claimed to be very promising
{Ray, Bose and Basu, tg54). In view ol thesc observations, bio-assay of this
compound was undertaken against this strain of plasmodium. For comparison,
drugs like sulphadiazine and mepacrine were also assayed. The present report
records the findings on the comparative meriis of these three compounds.

MATFERIALS AND METHODS.

Healthy M. malaita mulatte (rhesus monkeys) weighing from 3 to 6 kg. body
weight were used for the experiment. The procedure adopted for testing was
on the same lines as described by Nair, Ray and Jaswan: Singh (1953). The
animals were inoculated intravenously with a dose of five million parasitized
erythrocytes per kg. body weight from donor monkey showing very heavy infection.
Parasite count was made in terms of their number per 10,000 erythrocytes. Smears
were collected for this purpose from the animals twice a day (morning and evening)
up to the day following the cessation of treatment and thercafter once a day only.
Treatment was started at 0'1 to I per cent cell infection and the same was continued
once a day up to a total of seven doses. All dosages were in terms of the base of
the corresponding drug and were given orally.

Death of monkeys during drug administration with high parasitzmia was
taken as an indication of absence of plasmodicidal effect. A dosage that was
effective in producing a deceleration of parasites and prolonging the life of

(197 )
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monkeys for a minimum period of ten days from the commencement of treatment,
was classified as Class I effect of Shannon {Wiselogle, 1946).

The minisnum dose of a particular drug that was lound necessary 1o produce
parasite clearance by day following last dose of drug administration in all animals
of a particular group (five monkeys generally) was taken as the minimum effective
dose {Class 11 effect).

For Class 11T effect, the criterion was that monkeys which showed Class 11
eifect initially, should subsequently show sterilization of blood-induced infection.

Tanre L

Effect of sulphonamide substituted dikydroiriazine against bisod-induced P. knowlesi
( Nurt strain) infection.

| ;
! 1' ‘Lass 11 erFecy:
Pusage Numhor {ass 3 —_ . e e
mg. kg, ! of Ineffective |  effect, | Clearance of parasites. i Relapse®
hase. mankeys | (Number) (Number). — -+ - | ! -
employed. ‘I Number. | Hours.* Number, 2;:;'53’:"
5 2 2 L
i
i 2 2 i
i :
£ LI 2 2 i
1 ] 2 2 : :
: : I
O | 3 - !
4 03 3 i 1
5 12 r i
e | 2 2 { !

! : !
e 2 t I f
T 5 1 g - 2 80 | &5

' i 48120 R
I I |
T 5 2 I 9% E
200 5 i T B i

l ' : $B4R.60,777 38% !
wao g A L 48 [

i ! ! i ! i

*Since cessation of treatment,

tNomimator indicates average and denominator range.

tiYisappearance and reappearance of parasites in one during drug administration.
§infection was cured in one.  The other died during observation peciod.

#¥T'wo died before the completion of drug administration, one 1wo days after cessation of treaiment,
one four days after cessation of treatmert, and in the fifth monkey infection was cured.

1 One died during treatment hefore the clearance of parasites.
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TasLe I

Effect of sulphadiazine against blood-indured P. knowlesi {Nuwi strain) infection.

T H 3 \
! ! : Crass 1T werecr;
!"05&15‘;(? Numbr of ; ‘ Cllass T '... O T,
mg.jkg. i meonkeys ilm:ﬂ?.'ctive i offect Clearance of parasites. Relapse. *
hase.  Femployed. {Number), | Nurrher). e om0 :
i i i Average - Avorawe
, i Number. ( hmirs){gf Nutnlwer. ( daysf‘r
wes 12 2 b i
a3 A R .
i
EER 2 2
: : ' H an !,
v 1 . i T S —— I 4
: ) ' #4-96 |
' : [
_ | : i BY-3 | A B |
25 1i ! : 13 ; b e s ot s e
: : 4891 {o21m
: | 04 36
(T : L] 1 . o 4 o q T
: : 72156 | 2.8
: '; 102 3
LY 3 i : ] : 2 s e 2 ————
i : ! | 69144 Io2-4
: Pow S
w7 3 g i g R 4 e
: : : 60120 ] 32
i : P : 5
HoRe b} : ; .. a% Fmemr e e 3 P
' [ ' 48182 i 3-8
! | JLLLAS 58
$:0 3 H 5: A — 2 PR
72-156 4.7

Rince cussation of treatrpent,

+Nominator indicates average and denominator the range.

Class JFT efect in 1 to 3 monkeys,

iDisappearance and re-appearance of parasites during the prriod of drug administration.
«ALE.D. {Minimal effective dose},

RESUILTS.

Sulphadiazine subsiituted dihydrotriazine showed ao plasmodicidal effect
when administered in 5 to 50 my. dose. Dosages ranging from 75 to 125 mg.
appeared inactive in fifty per cent of the monkeys, and in the rest deccleration in
parasitemia was cvident. A dose of 150 t0 175 mg. produced Class 11 effect only
in four out of ten monkeys. 200 mg. dose produced Class IT effect in all the
menkeys tried, but of these three died perhaps due to the toxic effect of the drug
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gither before the completion of drug administration or soon after that, Simiar
death of monkeys during the treatment period occurred among those treated with
300 mg. also {Lable ).

Between o005 and o415 mg. doses, sulphadiazine was mostly inactive.
Dosages ranging {rom 02 to 0'5 mg. gave unpredictable resules, as all types of
activity was evident in the animals. However, doses of 0-6 and 0-7 mg. did produce
(lass 1T effect in all except one monkey in cach regime. Thesc two monkceys showed
only Class I effect. Out of ten monkeys treated with 08 and « mg. doses,
all showed Class IT and 50 per cent of them Class I effect.  Trom these, it could
he inferred that the minimal effective dose of sulphadiazine is 0°8 mg. base per kg.
body weight of the animals. Details of these findings are given in Table T1.

As shown in Table TIT, mepacrine was tried in 03 to 6-0 mg. dose.  Class 1T
cifect was seen in some of the monkeys treated with 3'0 to 50 mg. doscs and i
all with 6 mg. dose and thus the last dosage schedule mentioned was taken as the
M.E.D, of the drug. '

Tasre JII.

Effect of mepacrine against blood-induced P. knowlesi (Nuri strain) infection.

| '
f h Crass IT wewzcr:
Bosage] Number of [Ineffeciive ! Clasy | i—ee——. o e £ = e i
mg.fkg.| monkeys [(Number).  wffcei Clearance of parasite Relapse, ®
base. § cmpleyed. J (Number, | B ettt -
i . i, ! Moy | Average
il ; | Number. : {Fours). f Number, | (davs.)t
03 2 2| | . ;
[ ! !
R0 2 1 o s 1 G
i ! i :
£0 4 2 P | o 3
i i i .
TRTERE 3 El I 5 28 ‘ 60 -96
|
! ! !
ﬁ-u} 5 ' I 5 | 768 45 | 9B
: i [ | 6006 ERERTI ]
i L

*Since cessation of treatment.
Naminator indicates average and denominator range.
+Class 117 effect in one monkey.
§Died during observation period,

DISGUSSION.

Tt has been found that the minimal effective dose {M.F.D.) of sulphonamide
substituted dihvdrotriazine, sulphadiazine and mepacrine is 200, 08 and 6 mg.
respectively.  Corresponding dose of quinine (Nair, Ray and Jaswant Singh,
1953) being 30 mg., the quininc equivalent of the three drugs would appear to be
015 for sulphonamide substituted dihydrotriazine, 375 for sulphadiazine and
5 for mepacrine. Previous studies bave indicated that against P. gallinaceum or
P. ¢ynomolgt, mepacrine has a quinine equivalent of 4 (Jaswant Singh, Basu and
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Ray, 1952; Ray, Nair ¢ «l., 1934, Hence on a quantitative basis this drug has
more or less the same cfect against all the three different species of parasites.

Chuinine cquivalent of proguanil was previously recorded as 150 (Nair, Ray
and Jaswant Singh, 1953) and of the active metabolite of proguanil 0-86. From
these 1t would appear that proguanil is the most active, out of the drugs under
review, The rest, in order of merit, are sulphadiazine, mepacrine, active metabolite
of proguanil and the sniphonamide subsiituted dibydrotriazine, also known
as “ supazine . The poor plasmodicidal action ol supazine is not only a teature
against P. knowlesi (Nurt strain) but also against P. gallinacenm in chicks as is
cvident from the fact that its quinine equivalent against the fatter strain is only
o125 to o225 (Nair, Misra et af., 1955). Further, though proguanil metabolite
has shown quinine equivalent of 533 (Nair et al., 1955) against P, gallinaceum, the
same against P. knowlest has been observed io be only 0°85.  From these it would
appear that their activities against various plasmodia are not guite consistent
and what is more, they are usnally inferior to proguanil, From the above findings,
it may perhaps be reasonmably assumed that the drugs would not be superior to
the well-known standard drugs against human (rials, which should be undertaken
carly for final appraisal on the drugs.

Several workers bave proved the therapeutic efficacy of sulphonamide group
of drugs against P. knewlesi in monkeys, Jaswant Singh and Harwant Singh
{1939) lound that sulphapyridine {M and B 6g3) in 1 gm. dose, by mouth, effected
cure in monkeys infected with P. knowlesi.  Iikshit and Ganapathi {1940) recorded
radical cure of infection when monkeys were treated with 3 gm. of sulphadiazine
given over a period of three days. Coggeshell and Marier {1941} found that
sulphadiazine was therapeutically effective against the infection in monkeys in
doses of 1°5 gm. when given orally for two to three days.  Richardson ef al. (1946)
found that fhis drug was 175 (mes as active as quinine. The superiority of
sulphadiazine over quinine is na doubt well confirmed in the present investigation
also but on a quantitative basis it may appear that Nuri strain is approximately
47 times less susceptible than the previous strain of P. knowlesi 1o this drug.
Perhaps factors such as strain difference as well as variations in the assessment
techniques foliowed in the present investigation, as compared o that adopted by
Richardson et al. {1946), may contribute to this relative difference.

SUMMARY.

Sulphonamide substituted dihydrotriazine (supazine), sulphadiazine and
mepacrine were assayed in 93 M. mulatta mufatta (Rhesus monkeys) infected with
the trophozoites of the Nuri strain of P. knowlesi and the minimal effective dose
estimated to be 200, 0'8 and 6'0 mg., respectively.
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EFFECT OF BENZENE HEXACHLORIDE ON FISH LIFE,
BY
R. SRINIVASAN, M.aA.
AND
K. A, DORAL RAJAH, B.sc

{Fresh TWater Biological Research Station, Bhavanisagar, Coimbaiore District, )
[ June 3, 1955, }

SmaLt larviverous fish, like Ambassis sp., Amblypharyngodon sp., Aplocherlus
sp., Barbus lcto, Barihus sp., Chela sp., Trichogasier fasciatus, Danio sp., Etroplus
maculatus, Gambusia affinis, Macropoedus cupanus, Rasbora danicomius, Therapen jarbua,
etc., are used to control mosquito larve along the shallow margins of ponds, In
the presence of much aquatic vegetation and floating debris amongst which the
mosquito larva take shelter and escape the notice of their natural enemies, mosquito
control by larvivorous fish bas been found to be stow. In such cases, chemical
larvicides will necessarily have to be used to achieve quick and thorough control
of mosquito breeding,  Some of these insecticides may, however, be toxic to fish
life, especially when used in high concentrations, Heavy losses of fishes in streams
in the Alabama area of the Tennessee River Valley during the summer of 1950
were atiributed to insecticides like toxaphene, benzene hexachloride, D.D.T., and
aldrin {Warrick, 1953). Field investigations by Mathis and Quarterman {1953),
however, revealed that, benzene hexachloride when applied five times a year for
three years consecuiively at the rate of one pound per acre for the control of
mosquito larvae in small ponds, had no deleterious effect on fish and that the other
insecticides like dieldrin, D.D.T., and tosaphene were all harmful (o them.
Doudoroff e al. {1954) who made a comparative study of the toxicity of some
organic insecticides to fish, found that a benzene hexachloride-D.D.T. dust contain-
ing eight per cent benzene hexachloride, five per cent DIDVT. and 40 per cent
sulphur, was less toxic than toxaphene or aldrin.  The authors had the opportunity
of studying the effect of B.H.C. 50 per cent on fish life during the year 1954 and
the results of this study are briefly reported below.

Fifty per cent B.H.C. water dispersible powder containing about 65 per cent
gamia isomer, is occasionally used for the control of mosquito breeding in paddy
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felds, wells, ornamental tanks, cisterns, ponds and pits in urban and semi-urban
arcas. For culicine control, two ounces of this powder are suspended in one
gallon of water and the diluted suspension sprayed at the rate of about two ounces
per square yard of breeding surface in cess-pools, drains, etc. For anopheline
control in larger collections of water like ponds, tanks, cic., the dosage applied
is about 15 1o 20 gallons pes acre. In the case of ponds, only the margin for a
width of about three feet is sprayed with the suspemsicn. The effect of this
treatment on fish life in ponds was studied in March 1954, when larve of 4.
aulicifavies, the local vector, were found breeding in large numbers along the margins
of the fish farm ponds at Bhavanisagar.

The fish farm consists of five similar rectangular ponds of 160 x64 square
feer with an average depth of 3°5 fect.  The different species of fish, in the varous
ponds, were as indicated in Table I below.

TasLe I.

Species of fish in various ponds,
]

Mond | Number Lenglh range

number. | Namg of fh. present, {eomuh

m;. E Osphrenemus gorami {Gourami) Y —m;(l 0 to 2245

2. Carassins carassius (Golden carp) 376 245 0 175

: Cyprinus carfrie var, specularis {Mirror carp) 2,229 I-h to 17D

1. . Cyprinus carpio var, specafaris (Mivrur carp) e 4,672 28 1w 1000

: Loarassivs cara;cxius {Golden carp} 000 2ehto Do

¢ Tinca tinca (Tench) 4 15w 175

4. Catla catla o 873 -5 10 12-5

Labeo sp. . Il 4tm) I 19t 75

%, : Etroplus suratensis (Pearl spot) ; 3,721 ! it e 37

Besides the above food fishes, a few larvivorous fish like Chela sp. and Danio
sp. were also present in the ponds. Pond 4 containing Catle catla and Labeo sp.
was at first treated with hall the dose of the insccticide {onc¢ ounce per square
vard) usually employed, the remaining ponds being kept untreated for comparison.
"T'he spraying was done with a Cluticura Powder tin and was confined to the marginal
stiip of three feet all along the pond.  The concentration of the insecticide worked
oat to orors p.p.m. {parts per million). All the mosquito larvae died within 24
hours of spraying, hut none of the fish in the pond was affected. The treatment
was repeated in Ponds 3 and 5 containing Mirror carp, Golden carp, Tench and
Pearl spot, and the above desage of the insecticide was found harmless to these
species of fish also.

-A series of laboratory experiments were also carried out to find whether
B.H.C. 50 per cent (gamma isomer 6'5 per cent) was toxic to fish life and if so,
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what the lethal limits were.  The Orange chromide {(Etroplus maculatusy ol lengths
varying from 6-0 to 75 c.m. were used as the test fish and its behaviour in different
concentrations of B.H.C. was studied. The fish died in 51 howrs in g6 p.p.n. con-
centration of the insecticide {2'34 p.p.m. gamma B,H.C.), in 102 hours in 18 p.p.m.
{17 p.p.m. gamma B.H.C.) and in 118 hours in 12 p.p.m. {078 p.p.m. gamma
B.H.C.) and was not aflccted by concentrations of 6 p.p.m. (039 p.p.m. gamma
B.H.C.) and lower.

1t would appear from the above experiments that B.H.C. 50 per cent at the
normal dosage, in which it is usaally used for the control of mosquito larvee along
the margins of ponds, is not harmiul to fish life, Hewever, the insecticide is lethal
to fish life in concentrations above 6 p.p.m. and so care should be taken to see that
this concentration of the insecticide is not reached, especially while treating very
shallow fish ponds.

ACKNOWLEDGEMENT.

The authors thank Dr. H, Subramaniam, Regional Malariologist, Coimbatore,
for his help during the experiments, and the Director of Industries and Gommerce,
Madras State, for his kind permission to publish this paper.

REFERENCES.

Douvnorure, B, Karz, M. and Vawzwen,

C. M. 21954 . .. Water Pollution Abstracis, 27, Abs1, 1342, p. 234,
Matwuie, W, and Quantermax, K. 12, (1953)  dmer. 7. Trop. Med. Hyg., 2, p. 318,
Warrick, L. F. (1953) .. Water Pollution Absiracis, 26, Abst. 144, p, 28,






indign Fournai of Malariclegy, 9, 3, Sepiember 1955,

A PRELIMINARY NOTEON THE ANOPHELINI OF THE
RAPTI VALLEY AREA OF THE NEPAL TERAL

BY
W. PETERS,
S. CORNELIUS DEWAR,
BUA DAS BHALLA
AND
TIRTHA LAL MANADHAR.
{World Health Organization, Malaria Control Project, Nepal.}
[August 17, 1855.]
INTRODUCTION,

ArreERr a briel survey of a section of the Nepal Terai centred on Hetaura,
Philips (1925) reported that malaria was hyperendemic i the area and recorded
five species of anophelines including A, flumatilts.  In the same area, Puri* made
a further survey in 1948 which was later extended by Raghavan (1949). Raghavan
{1949) collected nine species of anophelines including A. fumanhs, 4. culicifacies
and A. minimus and carried out a few dissections without finding any infected
insects. In a later paper (1953) he suggesied that malaria in this area is probably
transmitted by A. aulicifacies together with one of the A. fuiatilisiminimus complex,

No account has been published of the mosquito fauna of any other part of
Nepal. The present paper is based on a survey carried ont as part of the joint
World Health Qrganization—United States Operations Mission to Nepal-—Nepal
Government Malaria Control Project in the Rapti Valley and Chituan areas of
the Nepal Terai between January and May, 1955.

The Rapti River arises in the hills of the Mahabharar Range near Bhimphedi
and passes first south-west thep south for abount 14 miles o Hetaura where it
turns north-west then west and follows the Chituan Valley bounded on the south
by the hills of the Churia Range and on the north by those of the Mahabharat

. #Puri’s report was not available at the time of wriling this paper.

{207 )
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Range., About go miles west of Hetaura, the Rapa River joins the Narayani
River coming from the moumtains to the north. The provieus surveys extended
as far as Narayangarh in this western section and (o Hatiya about 1o miles east
of Hetaura. '

From Bhimphedi {3,800 .} the River Rapti drops w0 about 2,000 ft. at
Hetaura and continues at approximately this level for the rest of #ts course, widening
considerably west of Hetaura and flooding much of the broad valley during the
monsoons.  Most of the enclosing hills consist of sedimentary deposits and the
river-bed itsell’ is very stony with numerous shiggish pools and sidewaters in the
dry scason, cspecially below 2,300 . The valleys east and west of Hetaura are
covered by dense foothills jungle with scatlered small cultivated arcas in which
rice 15 the main crop.  The jungle abounds with a large variety of wild game,
Here and there, small seepage pools occur in the jungle but most moscuito breeding
is associated with the main river-beds and the assoctated sidestreams and springs
lceding them.

No meteorological  instruments were availuble duwrng the course of this
survey and no detailed figures are available from other sources. Raghavan (1953)
has stated that the total annual rainfall is horween so and 55 inches, which falls
mainly between late June and September. There 1s o considerable difference
betwren the day and might temperatures but the summer temperatires are probably
not over 100°F, or the winter below 50°F,

SURVEY FINDINGS.

A total of 3,368 adule anophelines comprising ten species and one variety
wete captured in buildings during this survey.  Six of the adulis reared from the
aquatic stages added [our more species to the list. A fifteenth speeies was captured
at rest near a small jungle pool.  Many more adults were reared from larve in
addition to many Culicini of varions species which will be recarded in a subsequent
paper. The following species of Araphelini were found —

Species and suthors. s Percentage of wil adults captured.

Anopliefes SuAatilis James, 1992 33
1. cubicifacizs Giles, 1901 cn 249
A mipimes Theobald, 1991 N 29
A. macutatus Theobald, 1901 \r : 176
A, maendatus var, willmeri James, 190 s

A, spfendidu WKotdzurmi, 1820 : 284
CAwmularis Van der Walp, 1884 2.3
Al onaftdi Young and Majid, P28 e e
A subpicles Grogsi, 1888 ] 25
4. pazus Daniez, Y002 e R
1. saruna Fyengar, 1924 ] i3

Adlditional species collected as Iarva:—
L. hyreanns Pallas, 1771

AL barbirostris Van der Wulp, 1584

A, lindesayi Giles, 194}

A, aconifus Danirz, 1062

Unilected at rest near jungle pool:—
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A. fluviatilis and A. culicifacies were enly found below 2,300 ft. although it s
tikely that they are present higher up the valleys in small numbers. They were
abundant in the Chituan and Naravangarh arcas and in the valley of the Karra
River cast of Hetaura. 4. minimus was found only below 2,000 [t. and then too
in very small nombers. A. macudatus and A. splendidus were abundant all over
the project area and were the dominant river-bed breeders.  Larva of these species
were also found in isolated shady jungle pools together with those of A. barbirostris,
1. hyrcanus, A. acoritus and A, majidi. Four male and one female A. aithen: were
‘ound resting under small houlders by such pools. A. annularis, A. subpictus, A.
sagus and 4. zaruna were found occasionally in buildings in the lower valleys. Larve
of 4. annularis were [airly common in irrigation ditches and small pools formed in
swampy ground. A few Jarva of 4. fluviatilis and A. culicifacies were found at the
edges of small cool streams and irrigation ditches in partial shade. 1. lindesayt was
{ound breeding in smal!l pools containing filamentous green alga in the bed of the
Rapti River at Dhursing {3,315 ft.} where it was also recorded by Raghavan.
Strangely enough this specics was seen nowhere else by previous workers or
ourseives.

Up to May, 4. culicifacies and A. minimus were relatively commoner in the
Chituan and Narayangarh arcas than around Hetaura where A. fluviatilis
predominated. The proportions of A, fluviatilis to A. culicifactes in the Hetaura area,
however, showed a reversal {rom 3:1 in April to 1:4 by the end of May. South
of Hetaura at Amlekanj A. fluviatilis was Jess common but still occurred in small
numbers together with 4. ewlicifacies. A certain amount of D.D.T. has been
applied during the last two or three ycars in villages on and near the main
Bhimphedi-Amlekanj road. It is impossible to say to what degrec, if any, this
has disturbed the balance of the mosquito {fauna.

MALARIA VECTORS.

During March, April and May, 1955 the following wmosquitoes were
rhissected -—

A. fuviatilis ce BEF A. splendidus .. 133
4. culicifactes . 378 A. annularis 3
A. mintmus 34 A. vagus 1
A. maculatus .. 48 A. subpictus 9

On April 28, 1955, a single 4. fluviatilts from the Hetaura area was found
with sporozoites in the salivary glands [Sporozoite Rate {S.R.) 033 per cent]}
and in May a second infected specimen was discovered in the same area (S.R.
i°t per cent).  The overall S.R. for the three months was 0°39 per cent. No other
inlections were detected,

Tssaris ef al. {1953) in the Uttar Pradesh Tarai found a simifar S.R. in 4.
fhratilis in October, March, April and May. This was the dominant species
there from October to June with two peaks of population density from October-
December and March-May. They found 4. culicifacies infected in July, August
and September at which time that was the dominant species. They also reported
that 4, minimus was too scarce at any time of the year to he of any importance as
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4 malaria veclor there, In view of the similanty of the terrain and our survey
findings to date, it scems probable that a similar picture of transmission and
scasonal prevalence will emerge in this area as the survey continues.

HOST PREDILECGTION,

Maosguito blood meals were eoliected on filier papers and dispatched to the
Majarra Institute of India, Dethi, where precipitin tests were performed on them
by Prs. 8. P. Ramakrishnan and Satya Prakash 10 determine the sources of the
blood. The following figures were obiained from the small numbers so far
examined :—

PEROCEMTACE OF POSIIIVE REACTIONS 1O ANTI-INUMAN SERUM

SpHecics. : Sources r)f sp;;cimnns ({Number cxamined in !3raclu=ts)
. Houses. |Wﬁl\'1ixcd dwoellings. Caltiesheds. [ Total. o
A faviatilis .. L 187 (16) 21 (4 1) 24 6 1 22 (my
A cabieifacies ... 12D {1Ay | 45 (22 1 183 n e (87)
L omacdatus .. 1TE@) 0 (&) f 175 (80} 156 (96}
J. iplendidus .. 18-7 {IH) \ 187 (16) : 354 (T1) 2248 (103)

Yssaris ef al. reported a gross anthropophilic index (A} for 4. fuviatilis
of 41-2 per cent (in 245 bloods examined}. The AL for insects caught in cattle-
sheds was 28-4 per cent, out of doors g4°7 per cont and in human dwellings 6370
per cenl,  Ramakrishnan and Satya Prakash {1953) have commented on these
findings in relation 0 the possibility of the existence of two biological races.
Although the numbers examined so far in our survey are small, it Is interesting to
note that the overall AL of 4. fluviatifis {21-2 per cent of 113 examined) is lower
ithan that recorded by Issaris ef al. {1953) and that it is similar in all types of
structure. It is tempting but dangerous at this stage to specufate on the extent
to which this difference might be due to the irregular application of 11.D.T. in parts
of this area during the past two years or more, In this respect it is also interesting
w0 note that the following average man-hour densities were obtained in fixed
wnsprayed catching stations during the months of March and April:—

i ] i
Spevies. ; Houses. l Mixed dwellings,  Carilesheds.
F Wl m e - B ‘ e em——— e — |‘ [ I — ....__.‘.... e e
L fhewiafilss i FR] : 79 023
i : !
A, ruficifacies ) 1446 i 135 i 46-5
SUMMARY.

1. A prelimipary account is presented of the Anophelini of the Rapti Valley
area of the Nepal Terai. This is the first account published to date.
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2. A sketch map and description of the area are given. No detailed
meteorological data were available,

3. 3,398 adult anophelines were captured in buildings between March and
May and other examples were taken in the aquatic stages. Fifteen species and
one variety were recorded; 4. fluviatilis, A. culictfacies, A. maculatus and A. splendidus
accounting for g1-8 per cent of all adults captured.

4. The proportion of A. fluriatilis to A. culicifacies changed from g:1 in March

to 114 in May. A, minimus represented only 2-g per cent of all adult anophelines
captured but was relatively commoner in the Chituan area. '

5. Two specimens of A. fluviatilis were found infected, one in April and onc
in May. The Sporozoite Rate was 0°3g per cent of 511 dissected during the three
month period.

6. The anthropophilic index of 4, fluvialilis was 212 per cent {(of 113 tested)
and of A, culicifacies 127 per cent {of 87 tested),
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A PRELIMINARY NOTE ON THE BEHAVIOUR OF
ANOPHELINES IN STRUCTURES TREATED
WITH D.D.T. AND B.H.C.

BY
S. R. BHOMBORE
(Superintendent, Bureau of Adalariology, Bangalore},
N. L. SITARAMAN
AND
.. ACHUTHAN.
{ Malaria Investigation Cenire, Saklaspur.)

[Angus: 30, 1955,

Muirezan Thomson {1947) while working on the conirol of 4, gambie and
A, melas first reported the excito-repellent effect of D.D.T. on mosquitoes. He
also found that R.H.C. was more effective than D.ID.T, in the control of mosquitoes.
Bertram (1950) reported similar effect on 4. mintmus in Assam. MacDonald (1950)
on the other hand, while reviewing the work of Gilroy in Assam, stated that
D.D.T. was more effective against this species. Rajindar Pal and Sharma (1g52)
observed that both DT, and B.H.C. excrted an excito-repellent action on
mosquitoes but that it had no significance in malaria control as the mosquitoes
picked up a lethal dose before getting excited and repelled. These authors have
also reviewed the work on excito-repellency done in different parts of the world
from which it is obvious that there are still conflicting views regarding this mani-
festation. With a view to investigate this phenomenon as applicable to anopheline
species of the sub-montane Malnad tracts of Mysore State, India, studies described
in this paper were taken up.

METHODS AND MATERIALS.

The arca where experiment was carried out is situated in the Malnad in
Hassan District, Mysore State. It is a hyperendemic area and A. fluviatilis is the
vector, DBrookeworth {1953) has published a detailed report of the anopheline
fauna of this tract. The species collected during the study were A4, aconitus,

(213 )
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A. annularis, A. barbirostris, A. culicifacies, A. fuviatilis, A, hyreanus, A. jamesi, A. jeyporiensis,
A. karwari, A. maculatus, A. majidi, A. pallidus, A. splendidus, A. subpictus, A. tessellatus,
A. theobaldi, A. turkhudi, A. vagus and A. varuna. The most prevalent species was
A. jeyporiensis.

Two villages, Anemahal and Kollahalli, within a radius of five miles from
Saklaspur Town, Hassan District, were selected for observations. 13.D.T. residual
spraying was being done in the area since the year 1949, lcaving the detached
cattlesheds unsprayed in the routine operations. For these studies, three cattlesheds,
almost contiguous with one another, were chosen in each village. In Anemahal,
the sheds were mudwalled with tile roofs, while those at Kollahalli were made of
split bamboos with thatched roofs.

The observation period extended from February to May, 1953. Mosquitoes
were collected from the sheds before and after spraying with D.D.T, and B.H.C.
During the pre-spraying period, the adult mosquitoes were collected by hand,
for 30 minutes, at intervals of every four hours {on a twenty-four hour basis)
commencing at 18,00 hours (18.00, 22.00, 02.0¢ hours and so on}.

The collections were continued over a period of four weeks. After
identification, the abdominal condition of the mosquitoes thus collected was
classified and noted on the spot as (a) unfed, {5) fully fed, (¢) partially digested,
{dy fully gravid.

During the second phase of the experiments, in addition to hand collections,
window-traps were used to trap the escaping mosquitoes. Before putting up the
window-traps, all the openings in the shed, except the eaves, were closed with
bamhoo thatties, The window-traps were fixed to an opening through which
only the light from outside entered the shed. It consisted of a celluloid funnel
with the broad end fitting tightly into a plywood ring, and then fixed to a plywood
sheet with a circular hole cut into it.  This sheet is fixed to the opening in the wall
while the narrow end of the funnel led directly into a Barraud cage which was
hung outside from a string (Plates I and I1}.* These cages were changed every
four hours during the four weeks period of observation at 22.00, 02.00, 06.00, 10.00,
14.00 and 18.00 hours. Here too the identification and condition of the abdomens
of the trapped mosquitoes were noted as with the mosquitoes caught by hand.

After recording observations for eight weeks, the cattlesheds were treated
with D.D.T. and B.H.C., and mosquito collections, both by hand and window-
traps, were continued as during pre-spray period. In Anemahal Village, catile-
shed © A° was sprayed with 75 per cent D.D.T. wettable powder at 200 mg. per
st). [t., cattleshed ° G° with B.H.C. P.520 at 22 mg, per sq. Y., while cattleshed
‘B * was left unsprayed for comparison. Cattleshed * A * in Kollahalli was treated
with 100 mg. D.D.T. per sq. ft. {water wettable powder) and cattleshed * C° with
11 mg. BH.G. (P. 520) and cattleshed ‘B’ was left unsprayed to serve as
comparison. Observations were carried out for four weeks and then discontinued
hecause the mosquito population even in the untreated shed became very low with
the onset of summer. In both the villages, cattlesheds were empty during the day
LHTIE.

* The method of construction nf these window-traps has been c_lcscrilmé ;u‘;om ii .l).y BN;;k\:\’o;‘—lh )
:1953) in Mosguite News, 13, pp. 204206,
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As these studies were of a preliminary nature, total collection of mosquitoes,
24-hour survival rates of trappcd mosquitoes and chemical estimation of D.D.T,
deposiis, were not carried out.  But observations on the trapped mosquitoes
indicated that, in the case of the treated sheds, therc was heavy mortality (about
8o per cent) within six to cight hours, whereas in the case of the mosquitoes from
the untreated sheds a 50 per cent mortality was recorded after 20 hours.

In addition to the study of exato-repellent effect, the observations made
before treatment helped to understand the normal behaviour of mosquitoes inside
shelters.

The data collected during the pre-spray period are presented in Tables I
and II.  All species of anophelines collecied are pooled together.

TapLg L

Weekly hand vollections and window-trap collections of mosquilves from six
cattlesheds (collections of all the six quariers combined) before spraying.

_ ANEMAVAL. KortapaLnni
Week. Cattlesheds. Catilcsheds. o
LA 8 G A | o C
T : Hand co.llections.
1953 : ! ‘ F |'
February 2.8 .. 365 ' 3. um sk . s | 280
february 0-14 ! 3 ‘ 445 e 230 124 . Hdt E 22]
February 16-23 ... | 376 | 419 !| 186 a8 |63 l 212
February 23 to ; ‘I ! :
March 2 EoG0) 749 P86 358 D008 | 280
" Grand total ‘]' 1,662 2,064 i 955 | 1,562 BT 093
Average perweek | 415°5 | 5180 | 388 | 3006 | 7eiow 2483
U BN RPN VU SIS S S
Window-trap collections.
1953 i r : |
March 916 colose e ‘ $96 1 T2 ¢ mg 53
March 16-23 ... ¢S24 J 314 1 104 13 63 it
March 2330 .. 405 2% ‘ o1 | s s 15
April 1.7 .. 408 317 26 TR R ! 39
“'E}Z;E'GE\I““L??‘E 2 553 1,271 ] 1405 144 284 1 367
Average per wock | 6388 | 8178 | 3533 360 715 | b8
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Tapre II

Percentage of mosquitoes, collected by hand and by window-iraps, during the six
Sfour-hourly collections, analysed according to different abdominal conditions

(before spraying.)

Anremabal, KoHahalli.
Time of ecollection. : | e
a L by e ‘ d a & ¢ d
| ; |
Hand collections.
(1) 15-00-18°30 42 o1 | 09T 168 84 96 1 5 f 236
(i} 22-00-22-30 14 | 330 L 610l ] 34 77 | 392 . 3G 1' 14
(i) 02000230 1] oy ! 787 ‘ 2- ' 1M w2 | 763 D1
{p) OB 00130 R L AR R It B B R U | 7 -3 1 3-8
o) 10-00-10 30 0-0 w8 | o9s 2 IS8 { 04 00 B0k d9e
() 14°00-14-30 o5 L 92 I 791 E 2 | o1 | 06 i S iz
Window-trayp collections.
() 18-00-22-00 98 ) 32| sl a2l ¢ 80 69 ) 63 28
() 22-00-02-00 06 | 17 | w3y TR, SR O &5 i 8504 | 007
(i) 02-00-06-00 | 03 18 { 87 4 o5 1 sl 10 IR 1 TR
() 06-00-10-00 0:3 | vo | ey 00 1 08 vo | ve2 | wn
@ 10°00-H 00 00 00 : 24 0y 00 0 -4 1 (! ll 00
{wi) 14-00-18:00 oo ] e owe 0 | LS T R T [ 0w

a =unfed. b “=_.i_'rvt.rshly fed. = parti;ﬂ.;éigcsw&: d ;f;'llg;rgmvid.

The data furnished in Table Il show that feeding takes place throughout
the night but the peak is between 21700 and 2230 hours.

The total number of A. fluviatilis collected by hand from the two villages,
during the period of observation, was 174. In the first collection {1800-18-30
hours), no freshly-fed specimens were collected; in the second {22700-22°30 hours)
o with fresh blood and 15 with partially digested blood were taken; in the third
{02°00-02°30 hours) eight specimens with fresh blood and 22 with partially digested
blood were recorded, whiie in the fourth (06-00-06-30 hours) four had fresh blood
and 19 had partially digested blood. From these observations, it was evident that
the peak feeding time in the case of A. fluvigtilis in the area was between 21°00 and
22'30 hours (B1-0 per cent), though some feeding took placc between o2'o0 and
o600 hours also..

The window-trap collections in Anemahal were always higher than thosc of
Kollahalli, This was perhaps due to the different types of experimental sheds
prevailing in the two villages. The cattlesheds at Anemahal were ideally suited
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for fixing the window-traps while ac Kollahalli, in spite of best cfforts, thore were
a number of openings which could not be closed.  As a result of this, a large
percentage of mosquitoes might have escaped.,

The number of 4, fluviatilis collected in the window-traps was only four from
all the six cattlesheds and hence no attempt is made to present the data separately.

The window-trap collections have shown that there Js a definite tendency for
a large percentage of mosquitoes with partially digested blood to get out of the
cattleshed. Whether this is due to the strong outdoor resting habits of the
mosquitoes, is yet to be investigated.

The data, oblained after treating the cattlesheds with D.D.T. and B.H.C,
with different dosages, are presented in Tables ITT and IV. These data have been
analysed in the samc manner as the prespray data in Tables T and I1. Data
regarding the weekly collecdons are also presented in the form of two charts
{Charts 1 and 2).

TapLe 1L

Fotal weekly collestions of mosquitoes from six caltlesheds {collecitons of all
six quarters combined). Post-spraying period.

ANEMatIAL VILLAGE. ! Kortanania VILLAGE.
Daamim me — £] 1 . s anLe v c s | ——— i
2N mgg. AW, W myr. [ 11 mg, : .
Woek, DD fsq (L BHCfeg. G SOMPATSONny 1y vp g o BUHLGsg. f Comparison.
Hand | Trap [ Hand ! Trap Hand Trap | Hand | Trap | Hand ; Trap | Hand | Trap
colfee-lenllec~eollec- culloe-*colice- coliec-lcollies, collec-jenttec-icollec-jcollee-| collec-
¢ tion. | ton. | tion, ! tion. | tion. - tion, | lien. {I:inn. ; lion, | tion, | tion, | tion.
e ape
Weik belere : ; | : t |
spraying ... } 614 1487 1247 26 | RIE L4068 | E95 4 5 311 39 237 67
Week after l f : ! : i
spraying ! i : :
o Co
i O SR |- 1 . 142 [ 23 ¢ 13 48 255 153
B I \ . i
2 Tt ; 198 0 w2 103 T i 13 1 25 1 o1 1239 | 56
. ! . . i H
3 R 1 ]l CTUE [ E S T T & b T 15 | 204 40
. k |
+ oo opaea a0 ss o | agzs 2002 gz bz 13172 | 40
! ! N i | ! !

The data presented in Tables T3 and IV and Charts 1 and 2 show that
there was a striking reduction in the number of mosquitoes resting indoors after the
application of the residual insecticides. Tt was also observed that there was a
definite drop in mosquito catches even in the untreated (comparison) cattleshed.
This is what should be expected hecause of the close proximity of the treated and
untreated cattlesheds.  Any way, the reduction was not as remarkable as in sprayed
sheds and the number of mosquitocs resting inside was always very much higher
than in experimental cattlesheds. However, the number of mosquitoes caught
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tn the window-traps in treated cartlesheds was comparatively large and almost al
of them were blood-fed females {Table IV). Thus it was evident that active
{ceding did take place inside all the trcated cattlesheds. The peak feeding
time was also observed to be the same as in pre-spraying pertod. The presence of
a large number of mosquitoes in window-traps indicated that there was a definite
excito-repellent effect. It was also actually observed in a few instances that
mosquitoes flew towards the window-irap immediately alier coming into contact
with the treated surface. For the first two to three days, the mosquitocs, in the
window-traps in the D.D.T. treated cattlesheds, exhibited characteristic symptoms
of D.D.T. poisoning, namely, lying on their backs with one or two pairs of dislodged

legs.
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This shows that the mosquitoes did pick up a lethal dose before they became
cxcited, A large proportion of mosquitocs, caught in the window-traps during the
first week after spraying in the catileshed treated with 22 mg. B.H.C,, was cither
dead or in the process of dying, thus proving that B.H.C. was very toxic. Even
at a dosage of 11 mg./sq. ft., BH.C. exhibited a slight excito-repellent effect in the
carly stages, but not to the same extent as D.D.T.  The residual effect of B.H.C.
in 11 mg. dosage did not last beyond the fourth weck as was evident {from the large
numbers of mosquitoes resting inside the cattleshed.

In all the treated buts 4. fluviatilis was virtually absent and only one specimen
was caught by band-catching in the catudeshed treated with 11 mg.jsq. ft. BH.C.,
while in the untreated (comparison cattleshed) six specimens were caught,  The
idensity of A, fluviatilis in the window-traps even during prespraying period was very
jow and as such no definite conclusion can be drawn regarding the excito-repellent
effect on this species.

DISCUSSION,

In asscssing the data of these studies, it has to be borne in mind that these
vhservations were made during the months February to May and there was a rapid
natural decline in the mosquito population: from April owing to the onset of the dry
season, It is, however, quite evident that there is a definite excito-repellent effect
excreed both by D.D.T. and B.H.C. and even in the absence of any figures for survival
rate of the trapped mosquitoes, therc was enough evidence to show that mosquitoes
did pick up a lethal dose before escaping.  These findings are in accordance with
those of Rajindar Pal and Sharma (1952), Hocking (1947} and Nair (1g951),
The two different dosages of D.D. T, applied did not show any significant variation
and the effect on mosquitoes was more or less similar, But with BHRH.G. at
11 mg.fsq. {t. dosage, the repellent effect was not so pronounced ag in the case of
0.0,

The loss of residual cffect of D.D.T. and B.H.C, with diffcrent dosages could
not be followed up because the period of obscrvations was limited only to four
weeks. But with BH.C. 11 mg. dosage, it was evident that the residual toxicity
did not cxtend to the fourth week as judged from the large number of mosquitoes
found resting inside treated cattleshed. -

SUMMARY.

Behaviour of mosquitoes in cattlesheds before and after treatment with
DT, and BHL.C. was studied in two villages in Malnad, Hassan District,
Mysore State,

D.D.T. appeared to ecxert an excito-repellent effect on mosquitoes. The
repelient effect of B.H.C. was comparatively much less marked and was present
only in the earlier stages with the dosage of 11 mg./sq. ft. There was cvidence to
show that the mosquitoes picked up a lethal dose hefore escaping,

The normal behaviour of the mosquitoes did not change due to insccticidal
trearment. of shelters.  Active feeding did take place in treated cavtlesheds.
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OBITUARY.
br. 3. RAJENDRAM.

One of the active promoters of malana eradication programme in Ceylon,
Dr. S. Rajendram, L.R.CP. & 8. {Edin.), L.RF.P: & 5. (Glas.), D'T.M. & H,
(Eng.}, D.P.H.(Edin.), passed away on May g, 1955, at the age of 56. His death
is deeply mourned not only by his colicagues in Ceylon but also by malariologists
alt over the world.

Dr. Rajendram joined the Department of Medical and Sanitary Services
of Ceylon in 1925.  Alter his studies abroad in 1g45 and 1936 and training at the
Malaria Insotuie of India and at the League of Nations malaria course at
Singapore, he was absorbed in the Department of Antimalaria Campaigns in 1941
of which he became Superintendent in 1940,

He was a moember of the pancl of the World Health Organization Expert
Committee on Malaria. Based on the experience gained by his studies in India,
Ttaly, Cyprus, Egypt and UK. on the Rockefeller Foundation and the World Health
Organization fellowships in 1947 and 1949, the malaria eradieation programme
in Ceylon was drawn up and launched in 1950. His achicvements in this malaria
control project atiracted the attention of eminent world malariologists who
stucied the splendid work carried out by hm,

He made many valuable contribuilons and his articles on  Malaria in
Ceylon > which appeared in the special CEYLON NUMBER of the Indien Journal
af Malarislogy (Vol. V, No. 1, March 1g51) will remain a lasting monument and
a guide to all malariotogists.

J. s.

{ 223 )
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Indian Journal of Malariology, 8, 4, December 19335.

EDITORIAL

THE Indian Jowrnal of Malariclogy has successfully completed 25 years of its
service to the malaria world, Starting as Records of the Afalaria Survey of India,
its nomenclature was changed to Fournal of the Malaria Institute of India in 1938
and finally switched over to Indien Journal of Malarielogy m 1947

So far 22 volumes, cach consisting of four issues, have appeared. It is a
quarterty publication but in 1932-1933 and during the war years (1941-1946),
when there was paucity of material for publication, one volume was completed
m two years. For the same reason, two issues were combined into one, four times
during the eniire period. The total number of printed pages run to 11,506,
average 523 pages per volume. During this period, 8og articles have appeared,
average 37 per volume (Table ).

Tasre T,

Number of articies and pages published.

I !
I3 H .
' : ‘. i Number of @ Number of
Yolume, Yoar, | articles. : pages.
1

Records of the Malaria Sarvey of India,

1 o230 a3 i 77
2 i 1051 i a3 : B64
3 | 18323 34 ; 850
4 i [N E N 23 i 426
b E 135 [ a2 ! 328
! ! IO 3% . 6546
7 ! 1937 ! 21 ' ot
Journal of the Malaria Institute of India,
t ! 38 3 : 150
* ' 1939 : 14 f 468
3 : 140 ! 44 i Y
1 I f-42 ] 1% ; 42
3 L T N E 47 : 477
B S £ F 9. ¥ B 42 i 513
Indian Joornal of Malariclogy.
1 ! 1947 i 1% | 517
2 ; 1948 19 i 327
3 1949 35 I 28
4 1950 ! 41 i O30
3 1931 ; as ! i
4 1952 ; 41 : LT
7 19453 : My : RET;
8 o ey 394
] ; mss 11 ; 402
Total 805 14,506
Average per volume 37 528
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Articles published are not only accounts of work done by the stafl of the
Malaria Institute of India {formerly Malaria Survey of India) and other Indian
workers, but the journal has enjoyed the confidence of eminent research workers
m foreign countries as well and includes as many as 58 contributions from them
as per following details:—

India 746
Africa e

Belgium

Burma
Ceylon e - 1
Formosa
France
Holland
Indonesia
Treland
Traly
Malaya
Nepal
Pakistan
Palestine
Switzerland
{J.K.
U.8.A.

Wa DO o R e B o O3 ERR e D

Sp far, 28 abstracts of articles of local importance (the orginal M35,
having becn kept in the library of the Malaria Institute of India for reference
by workers who wish to consult them) and nine obttuaries of eminent workers who
wft a wide gap among the malariologists of the world, have appeared in the
journal. Review of important books has only recently been started and so far
anly four reviews have appeared.

The total number of authors who have contributed to the journal from time
ro time 1s 365.  The largest number of pages contributed by a single author so far
is 1,057 in 43 articles by Major-Gencral Sir Gordon Covell (Director, Malaria
Institute of India from 1936 10 1947) and the Jargest number of contributions by a
single author is 83 comprising 759 pages by Lt.-Colonel Jaswant Singh (Dircctor,
Malaria Institute of India from 1947 to date).

The subjects covered include malaria in all its aspects (human, avian, simian
amd recently rodcnt—ﬁphysiology of malaria parasite, pathology, chemotherapy,
immunology, epidemiology and control); studies on mosquitoes, both Culex and
Anopheles (distribution, vectorial capacity, relation to malaria, destruction by
the wse of insecticides, resistance to insccticides); blackwater fever; kala azar;
filariasis; etc.

The Director, Malaria Institute of India, has been the ex-officio editor of
the journal. Brigadier J. A. Sinton remained the editor from 1929 to 1935 and
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was assisted at times by Li.-Colonel H. WL Mulligan dunng 1935, Major-General
Sir Gordon Covell took up the editorship in 1936 and continued till 1946, He
was assisted by Lt.-Colonel M., K. Afridi up to 1939 and by Lt.-Colonel Jaswant
Singh from 1941 onwards. Lt.-Colonel Jaswant Singh became the editor in 1947
and is still continuing,.

The journal is financed by the Indian Gouncil of Medical Research and
besides money realized Jrom sales, advertisements, etc., receives an annual grant
of Rs. 12,500 per year for its publicauon enly.

Tt has a world-wide circuladon and has a special phwe among the malaria
publications. There are at present 7o loreign and g8 Indian subscribers. Be-
sides 114 copies issued in exchange, 512 copies are distributed free to eminent
workers and institutions both in India and abroad. A large number of journals
ol international repuie are received in exchange of this journal, which considerahly
avgment the resources of the library at the Malaria Institute of India.

With the formation of Malaria Survey of India in rquy, it was felt necessary
to dig out the old reports and articles relating to malarta adl over the country,
Some of these were included in provincial publicatdons and many were sUll in
the MS. form. In the course of a three-month tour throughout India, Sinton
carried out a systematic search and compiled a bibliography of malaria in India
which includes references of 2,200 papers with journal index, anthors index, subject
index and geographical index, This monumental work formed the first number
of the Records of the Malaria Survey of Indie in 1929. Tn the second number, many
valuable memoranda on malaria which had appeared during previous years but
were no longer available {or general use, were reprinted.

There have been outstanding contributions by workers in India, iz,
malaria in Sind by Sinton, Covell, and Baily; treatment with cinchona alkaloids
and what malaria costs India nationally, socially and economically by Sinton;
coninibutions on anopheline fauna of India and their distribution by Christophers,
Barraud, Covell, Puri, Viswanathao, Ramachandra Rao, Mohan, Senior White,
Tvengar, Muirhead-Thomson, Pal and others; monkey malaria and extensive
studies op synthetic antimalarial drugs by Sinten, Mulligan, Wats, Jaswant Singh,
Ray, Nair and others; studies on insccticidal sprays by Sinton, Wats, Paul Russell,
Knipe, Puri, Viswanathan, Rao, Senior White, Pal, Sharma and others; malaria
and its engincering aspects by Jaswant Singh, Henderson and others; studies on
Plasmodium berghei by Ramakrishnan, Satya Prakash, Krishnuswami and colleagues;
progress of antimajaria operations in Delhi by Covell, Afvidi and Jaswant Singh;
tn Bombay by Viswanathan, Ramachandra Rao and colleagues; in Mysore by
Sweet, Rao and others; on B, N. Railway by Scnior White and eco-workers.
The study of malaria and s vectors in Borneco by McArthur and Colless;
stiadies on the bionomics of 4. aguasalis and its relation 10 malaria in British West
Indics by Scenlor White; malaria in Formosa by Watson and colleagues, are some
ol the other notable contributions. Besides, special issucs have been published
from time to time on Paludrine, Insecticides, Pyrimethamine, Malaria in Ceylon,
and a writlen symposium on Plasmoedium bergher in which workers from all over the
world participated,
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'The journal has been one of the most important organs of the Fast (perhaps
the only one of its kind) for making known the trend of malaria rescarch and
control, It has tried to help in the fulfilment of two of the main functions of the
Malaria Institute of India: (1} * To publish scientific results, useful guides, bulletins,
etc.”, and {2) * To keep alive interest in malaria study and prevention and to see
that such interest, whercver present, is nursed and assisted . If India has
launched vpon the most gigantic programime of malaria control, it is because the
Malaria Institute of India has maintained a continuous propagation of ideas on
malaria prevalence and its effects on the cconomy of the country, and in this the
Indian Journal of Malarivlogy has played a very prominent part. It has kept up its
standard through many hazards it had to face during the war years.

The Jubilee Issue gives useful important reviews of the past researches and
studies by eminent workers, and suggestions for the {uture on different aspects of
the subject. Tt also depicts the present position of malaria control and research
and paves a way for {uture programmes, It is a wseful guide and a source of
:nspiration for those entering the field.

Recently the activities of the Malaria Institute have expanded to include
sonwe of the other communicable diseases, and the Malaria Advisory Committee
of the Indian Council of Medical Rescarch has also been redesignated as
* Malaria and other Arthropod-borne Diseases Sub-Committec ” ol the Communi-
cable Diseases Advisory Committce. Whether the JIndian Journal of Malariology
shouid also widen its scope and welcome in its fold valuable knowledge about
other arthropod-borne diseases and thus change its name once again, i3 a problem
which will have to be considered in the ncar future,

This period of 25 vears has been of great interest not only for contributors
and readers but also for those connectad with editing of this publication. TIts
fature will no doubt be watched with interest.

The editor solicits the cooperation and patronage of coniributors, institutions
engaged in research and control of arthropod-borne diseases and also of those who
are interested in emancipating the world of the misery caused by many preventible
cliseases,
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SOME LACUNA IN OUR KNOWLEDGE OF THE
MALARIA PARASITE.

BY
J. A, SINTON, M.b,, pusc,
{Formerly Director of the Malaria Survey of India.)
[August 30, 1055,

I is now seventy-five years since Laveran first described the malaria parasite,
During this period it has been given more study than any other cause of protozoal
infection in either man or other animals. In spite of this there still remain many
sertons gaps in our knowledge of the plasmodiam.

When the Indian Research Fund Association placed me on special duty
in 1g21 to do malarial research, my first impression was that little was left to be
discovered about this protozoon. As time went on and the subject was studied in
greater detail, it scon became apparent that very many problems still remained
unsolved. Fach new problem was recorded as it arose.  Careful notes were
afierwards maintained about any references, information or ideas which might
help in the elucidation of the difficultes. In this way, a very large amount of
data was collected up to the outbreak of the Second World War. Several of the
problems were solved, but many still remain untouched or have been left in an
unsatisfactory position.

In a note of this nature, it is impossible to give all the hundreds of references
collected, so only a few of the more relcvant ones are appended.  There are doubt-
less many which have been missed by me during the war years and afterwards.
Sucl omissions are regretted. Somc of them may show that the lacune arc not
so great as have been indicated in this article,

Nowadays problems in malaria, apparently purely scieptific, seem to have
fallen into a secondary position as compared with the more immediate practical
ones of insecticides and synthetic anti-malarial drugs. While most of the questions
raised are controversial, it is hoped that their ventilation will result in a cleaver
understanding of the problems discussed, and may stimulate renewed research into
these aspects of malariology,
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DO ALL THE HUMAN MALARIA PARASITES BELONG TO
ONE GENUS?

As discussed by Christophers and Sinton (1938), Grassi and Feletti in 18go
divided the malaria parasites into two gencra—first, Hemameba to include the
¢uartan and benign tertian parasites, and second, Laverania to include those parasites
which produced crescentic gametocyies.  This classification was later rejected by
Schaudinn {1902}, who, from comparison with the Coccidia, did not consider that
mere differences 1n the form of the gametocytes was sufficient to justify the erection
of two separate genera. He grouped all these parasites in the genus Plasmodium
Marchiafava. This ruling has been followed by most workers from that time,

Since the discovery of the exo-crythrocytic cycle of schizogony in malaria
parasites, this problem needs reconsideration. The latest classification of this
type of schizogony, as given by the World Health Organization’s Drafting
Committee on “ Malaria Terminology 7 (Covell, Russell and Swellengrebel,
1953}, shows that of the human species of Plasmodium s.s. as quite different from
hat of Laverania.

Now that the exoerythrocytic cycles of schizogony has been found to differ
greaty in these two groups, does not this suggest that the classification given by
Grassi and Feletti is justified? Should the genus Laverania be officially recognized
as the correct name for such parasites as Plasmodium falciparum [vel L. malorie
iLaveran)].

1S THE MALARJIA PARASITE INSIDE OR OUTSIDE THE
ERYTHROCYTE?

Laverap in his original deseription of the malaria parasites helicved these
to he extraglobular. Most of the other older writers like Marchiafava and
Bignami {1894) asserted thatr they were within the red blood cells, Mannaberg

1894}, however, thought that the young rings of the wstivo-autumnal parasites
were outside the erythrocyte.

Maurer {1902}, in his paper on the suppling of red cells infected with
plasmodia, came to the conclusion that the large and small ring forms of the
pernicious parasite remained extracellular while they were in the peripheral blood.
At the stage of development, however, when they disappeared into the internal
organs, they entered the red cells.

The description given by Schaudinn (rgoz) of the entry ol the sporozoite
and the merozoite into the erythrocyte seemed to settle their intracellular position
definitely. Rowley-Lawson (1914;:918) again raised the question and produced
evidence which cast doubt on the above finding.

The question was re-opened by Sinton (1922}, He pointed out that, on
account of the very thin Battened shape of the erythrocyte, it was impossible by
microscopical examination to ascertain whether the parasite lay in or on the cell
"Plate VI, Fig. 1 and 8). He subjected the infested cells to hypertonic and
hypotonic conditions to change their shape from a flat to a globular form. In

veiparum infections this caused a grean increase in the number of accolé forms
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(Plate VI, Fig. 2-7; g-15). While in mvav infections hypotonic conditions caused
many of the parasites to appcar as il attached io the outside of the cell (Plate VY,
Fig. 16 and 17). He concluded that “ results have been obtained which 1 am
unable to explain satisfactortly except on the hypothesis that the sub-tertian and
the benign tertian malarial parasites are, for the most of their asexval cycle in
the human host, attached to the outer surfaces of the red blood cells . * These
results are published in the hope that renewed interest will be stimulated in this
problem and that further investigations will be made which will settle definitely
the disputed poinr of the relative positions of the malarial parasite and the red
blood corpuscle .

In his experiments, Sinton {1g22) noted the extracellular position assumed by
many of the parasites in thin films from vfvax malaria, when kept in a moist chamber.
Not only do some of the parasites still attached to red cells appear to be extracetlular
{Plate VI, Fig. 16-20}, but someof them arefound at a distance from the apparenity
unbroken Schuflner-dotted host cells {Plate VI, Fig. 21}, This phenomenon
must have been noted by many workers while studying the exBagellation of
P. wivax in a moist chamber.*

Thomson and Woadcock (1g22) thought that the majority ol zizax parasites
were iniracellular, but that somc completed their cycle extracellularly. The
parasites depicted by them in their Plate LXIV, Figs. 38-42, are very similar to
those produced by hypotonic conditions. It is possible that slow drying in a
moist atmosphere before fixation may have been the cause of these appearances,

Schuffner and de Graafl {1937) also noted that quarian parasites freed
themselves from their host cells in moist preparations.

Sections of infected blood were made by Sinton {1922} and these appeared
te support the extracellular theory, Ratcliffe (1927;1928), however, did a much
farger serics of scctional cxperiments and concluded that the parasites were
intraccliular. A critical study of the latter work shows that his sections were 28
thick, As the thickness of the erythrocyte is about 2-5¢ at the periphery+ and only
1-5% at the centre, red cells Iving on the flat in scctions would give the same
appearance as these cells in thin files, lLec., intracellular. It must also be
remembered that blood cells placed in a fluid fixative usually become distorted—
globular, cupshaped or irregular. So in scctions any parasites lying in such
cupped cells wonld appear to be intracellutar. §

In the casc of crescents (Plate VI, Fig. 29), itis diflicuit ro understand why
the outline of the red cell should appear as a curved line and not as a straight one,
¢f the cell was being stretched by an inlernal expanding bady—-the parasite, The
position of the crescent has been examined by Stephens {1924).

*Shute and Maryon (§5155), while this paper was heing prepared, have called attention to these “ free ™
parasites in moist flnis, and consider thal this “* suggests that the parasite is on and not in the red cell ™,

TEn the abstract of Sinton's paper in the Trapical Discases Rulletin, the reviewer makes great play of the
fact that the measurement £ was printed a3 * mu . 'The author was not responsible for this printer’s error,
which was not in ihe original manuscript,

Since the ahove was written, Fulton and Flewitt (1943) have used the electron microscope on seclions
#2003 p thick of red cells parasitized with P berghei and P, knowlesi,  They eonelude that * all the evidence
so far obtained by the methods employed indicates that the two parasites studied Jie within the red cell .
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Erythrocytes carrying multiple infections, even as many as six, are not rare
in severe malignant tertian infections {Plate VI¢, Fig. 24). On the other hand,
it is very rare to find even double infections with mature parasites of this species
apart from any question of triple or quadruple ones. What happens to the other
parasites? Are they swept off the outside of the host cell and perish, or do
they then acquire fresh host cells as suggested by Rowley-Lawson (1914;1918)?
Tt may be, of course, that so hcavily burdened erythrocytes never emerge again
mto the peripheral blood from the internal organs, so cscaping detection,

While the extracellular position of the parasites may help to explain some
problems, vet it is difficult to understand the position of mature parasites in
double infections such as were mistaken by Schaudinn (1go2) for parthcnogenesis,
except on the assumption that the parasites are held in position by 2 globular
wall {pide Plate LXIV, Figs. 44-47 of Thomson and Woodcock, 1g922). Tobb
(1g30) also depicts erythroblasts harbouring parasites, and in these cclls the parasites
appear to have displaced the nuclei. This might, of course, have been a mechanical
displacement such as caused the distortion of the red cells in infections with
P. ovale (Sinton, 1955).

Even as late as 1953, the Drafting Committee on ** Malarial Terminology
appointed by the World Health Organization (Covell, Russell and Swellengrebel,
t953) are not agreed in an authoritative pronouncement on the matter, They
state that “in this report the word ‘in’ has been used, but the possibility that
the above (extracellular) theory jis correct has not been overlooked ™.

From the evidence available it is seen that the relation of the plasmodium
to its host cell at various stages of its development, still remains doubtful. A more
exact knowledge of the physical structure of normal and parasitized crythrocytes
would help to explain the various observations mentioned above, A renewed
study of the migration of P. vivax should be made under fresh conditions in a moist
chamber on a warm stage or in a hiot room.

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

The earliest work on the structure of the malaria parasitc was carried out in
{resh preparations. Since the advent ol the Romanowsky stains half a century
ago, lew other methods of examination of malarial blood have been used.

These stains produce a beautiful picture of the plasmodia, They form the
most reliable method of diagnosis. Unfortunately, this method of dry fixation
and staining gives very varied results. It is not, therefore, recognized by most
protozoologists as producing a reliable pictere of the minuter and more complicated
features of the cytological structure of most protozoa®, So much use has been
made of this method of staining that the more reliable cytological method of wet
fixation and iron-hzmotoxylin coloration (Sinton and Mulligan, 1g30) has bheen
neglected. We have none of the very careful descriptions of the plasmodia as have
been given by Wenyon and by Dobell in the study of the intestinal amoebe.

*As Dobell once said—* The day is now past when one can go into the field with a botie of Giemsa and
hupe to rival Schaudinn.”  This was also emphasized by an Editorial in the Lancet (1926).
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Until this is done there will stifl remain many of the doubtful questions such
as those detatled below, It is suggested that, on account of its slow growth and
the presence of all stages of its schizogonic cycle in the peripheral blood, P, ima
wondd form a most suitable subject for a study of this natre,

WIHAT IS FIEE NATURE OF THE VAGUQLE SEEN IN THE RING FORMS OF THE
MALARIA PARASITES?

Grassi and Feletti {1890} describe the vacuole as a large clear bladder-like
nucleus with a delicate, often invisible, nuclear membrance and a nucleolus (the
chromatin}. This interpretation of the structure as a vesicular nucleus was followed
by such older workers as Marchiafava and Bignami, Romanowsky and Mannaberg
until the studies of Schaudinn {1gog). The last worker, however, considered
that the vacuole was formed inside the ring of protoplasm to give the young parasites
a large absorptive surface for nutriment.  So great was the authority of Schaudinn
that the idea that the vacuole was nutritive and that the chromatin alone was the
true nucleus, has largely held sway ever since, Even the Drafting Committee
on ¢ Malarial Terminology ” appointed by the World Health Organisation has
refrained {rom commitiing itself on the subject of the ** vacuole”. It states—
“ The nature (i.c., whether nuclear or nuiritive} of the ‘ vacuole ’ seen in the ring
forms is still uncertain, so that provisionally the best term appears to be vacuole ”
{Covell, Russell and Swellengrebel, 1953).*

Not all modern malariologists appear to be in doubt as to the nature of the
vacuole, For cxample, Le Dantec (1924) and many other workers describe the
nucleus as vesicular with a karyosome; Boyd (1935) speaks of the nucleus of
P. vivax as round or oval with a limiting membrane, within which is a karyosome
formed of one or an agglomeration of many chromatin granules; and Thomson
(1932) stated that the nuclear structure of a falcifarum gametocyte is a definite
vesicular one,

While there is litte doubt that the * vacuole” with its chromatin mass is a
definite vesicular nucleus, further work with more precise cytological methods is
needed to confirm this. A few trials made on P. pivax with the iron-hamotoxylin
method of Sinton and Mulligan (1930), gave results which made the vacuole
resemble very closely the limax type of vesicular nucleus scen with some intestinal
ameachz,

The absence of a vacuole is wusually given as one of the diagnostic characters
of the early stages of gamectocyte growth. A careful study of these forms shows
that the vacuole is still there but that the chromatin is evenly scattered through it
5o obscuring its usual empty bladder-like appearance.

The chromatin has a very close connection with the vacuole. In P, i

with its slow rate of growth this is very well seen at all stages (vde Sinton, 1934,
Plates IIT and IV},

*Ewing in 1898 and lawer Rowley-Lawson considored the vacuole as a smal} portion of the erythroeyte
surrounded by two pseudopodia coalescing at their ends.
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WiHAT ARE THE CYTOLOGICAL CHANGES WHICH OCCUR WHEN THE MALARIA
PARASITE SECGMENTS?

Few workers appear to have studied the details of the schizogony of plasmodia
using well-recognized  cytological methods.  Schaudinn (19o2) described a sort
of primitive mitosis in the asexual forms of P. zivax. In the samc parasite,
Tvanic {19%7) described a form of promitosis going on to true mitosis in the later
stages of schizogonous division. More recently Wolcott (1954) has studied the
nnclear structure and division of P. sipax,  He says that he never found the vesicular
nucleus and karyosome reported by Ivanic (1g37). However, he describes a
mitotic stage in the cycle of schizogony with two chromosomes and a well marked
achromatic spindle. He used wet films stained with Giemsa, so his observations
require confirmation by more precise cytological methods.

Here again the slow rate of growth of P. inu and the abundance of all stages
in rhe peripheral blood, should make this species an admirable one for the study
of nuclear division. The early stages of chromatin division and their relation to
the vacuole are shown in Plate VI, Fig, 23-28. At this stage of schizogony the
findings suggest simple biniary fission of a vesicular pucleus.

18 MULTIPLE INFESTATION OF ERYTHROCYTES IN MALIGNANT TERTIAN
INFEUTIONS DUE T0O PREMATURE DIVISION OF YOUNG SCHIZONTS?

In very severe infection of falciparum malaria, it is not uncommon to find
some red cells infested with many parasites, even as many as six per cell (Plate VI,
F ig. 24\.

Some workers suggest that this is due to biniary fission of the young schizonts
and not to the attack of the cell by several merozoites (Alessandrini, 19g3).

Schuffner and de Graaf {1937} bave discussed this hypothesis and come to
the conclusion that this multiplicity of infestation was due to the greater attraction
afforded by certain erythrocyies to the young parasites. Hingst {1g34;1938),
however, attributes such multiple infections as due to amitotic division of young
schizonts already infesting the cell rather than to multiple invasion of single
merozoites.

DOES THE METHOR OF PREPARATEIN UHANGE THE MORPHOLOGICAL
CHARACTERS OF THE PARASITE?

Sinton {1g55) has discussed the causation of ‘ banded’ forms in infections
with P. malanie and P, inui. He has produced reasons to support the view that
these are not found i vive, but are distortions produced by the method of
preparation of the thin film. They give indications of the physical condition of
the parasite at the time that the film was made. They are valuable aids in
diagnosis. Similarly with P. lenue the characteristic forms seen, appear to be
produced in a similar manner (Callanan, rg26). They indicatc a special physical
state of the plasmodium at the time. This shows a tertian penodicity.
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WHAT 18 THE NATURE OF THE CHANGES IN THE ERYTHROCYTES
INFESTED BY MALARTA PARASITLS?

WHAT CAUSES THE CHANGES IN THE SEZ1 AND SHAPE OF INFESTED ERYTHROCYTES ?

The enlargement of the infested red cell in wizex infections is well known.
On the other hand, the astivo-autumnal parasite in its later stages is found more
commonly with a smaller cell, which may show marked colour changes when
examined in the fresh.  We have still to discover the different causations of these
changes,

The oval and fimbriated erythrocytes, which are seen in thin films of the
blood at some siages of infections with both P. ovale and F. knowlesi, arc often of
great diagnostic importance.  Sinton {1953) has discussed the probable causation
of these forms. He thinks they do not occur in sie but are produced mechanically
during the preparation of thin films which dry very quickly; they indicate a special
physical character of the cells.

WHAT 1S THE UAUSE OF THE DIFFERENT TYPES OF * SIIPPLING ' SEEN N
ERVFHROCYTES INFESTED BY DIFFERENT SPLCIES OF PLASMOBDIUM ?

‘Schuafiner {1899) was the first to describe these changes. He considered that
the Schulfner’s dots of vivax infections were due to degenerate particles in the
stroma of the infested red cells.

These changes were examined in some detail by Maurer (190f ;1go2), who
gave the same reason as Schuffner for the stippling secn in vivax infections. In
the case of the “ red-coloured dots, little rings and lines ™" with the Laverania species
(Maurer’s dots}, he concludes that these were duc to ™ changes or losscs of substance
on the upper surface of the erythrocytes, which are the result of the attacks made
by the parasite in order to adhere to its host cell and te obtain nourishment ™,
The aumbers are said to increase with the size of the parasite and are not stationary
as with vivax stppling.

Billet {1g13) scems to have had the same ideas but Ghatton {1917) does not
agree.  The latter anthor thinks in both types of infection all these markings are of
mechanical origin, and are impressions lefl by the pseudopocdia of the parasites upon
the thin periplastic pellicle of the erythrocytes. He has traced the ends of the
pseudopodia to some of these spots, which he belicves are cither a secretion of the
parasite or a little of its own substance. The number of the dots is thought to be
a function of the amcbaid activity of the parasite species.

The exact pature of these markings is sull in doubt. Ip addition to the
usually recognized forms of stippling, arc the curious filamentous bodies described
by Blanchard and Langeron {1913) in parasitized cells in monkey malaria. These
they believed to be nuclear in origin.  The same kind of filamentous bodies and
a dark red depesit around segmenting forms is reported and discussed by Sinton
and Mulligan (19336), Sinton (1934}, and Mulligan (1g35) in all three species
of oriental simian plasmodia. Malamos (1934} found a capsule with P. vivex,
P ovale and P. knowlesi. Garnham (1931} and Thomson {1933) investigated
curious bodies seen in red cells with immature gametocytes of P. falciparum.
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Stippling and similar changes have been seen in infections with most kinds
of malaria infection.* The demonstration of these markings depends very largely
upon the type and intensity of the stain used. The use of alkaline distilled water,
intensive staining or Shute’s technigue is needed in some cases to demonstrate the
stippling, etc, ¥n the method of staining thick films recommended by Christophers,
Sinton and Covell {1936) the Schuffner stippling is very conspicuous and the spots
of Maurer are much less so. This suggests that they may not have a similar origin.

In the same category of changes comes the * capsule ” which is sometimes
so conspicuous around deeply stained crescents, This is discussed by Garnham
{1931;1933) and Thomson and Robertson (1932). Warasi {1932} thinks that the
parasite is covered by two membranes, first the periplast of the red cell and second
the periplast of the parasite. Between these two is the hemoglobin, and as the
parasite grows, this disappears and the two membranes fuse together to form a
capsule. Apart from this, Mannaberg (18g4) states that in fresh preparations a
perfecily recognisable double capsule i3 seen.

Many of the appearances scen support the idea of Schuffner (189g) that the
origin of Schuffner’s dots is different frora Maurer’s ones. The latter look as if
they were produced directly by the parasite and were not merely due to degenerative
vhanges in the erythrocyte.

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

Fven from the earliest days of the separation of the crescent-forming parasites
from ihe quartan and tertian ones, there has been doubt as to how many species
of parasite were included in the former category. These were first divided by
the supposed periodicity of their febrile paroxysms. Later morphological differences
were described as well as variations m their febrile reactions, in the effects of
treatment, and in their susceptibilities to infecting the same insect host.

WHAT 1§ THE DURATION OF THE ERYTHROCYTIC OYCLE OF SCBIZOGONY OF THE
ASTIVO-AUTUMNAL MALARIA PARASITES?

The carlier workers on the malaria parasites, such as Marchiafava, Bignami
and Grassi considered that there were two kinds of astivo-autummnal parasites—
a tertian one and 2 quotidian. Mannaberg (18g4) divided them into a tertian
and two quotidians. Even as late as 1914, Manson following the last worker
grouped them as {a) Subtertian due to Laveramia malarie (syn. P. folciparum),
{5} Pigmented quotidian duwe 1o P. precox, and (¢) unpigmented guotidian duc
to L. immacrdata.

The fever curve in these infections is very often remittent, not intermittent,
so that they may appear to have a quotidian periodicity. In recent years all
these forms have been grouped as < malignant fertian 7, and the absence of tertian
febrile periodicity explained as due to the schizogony of all the parasites not being
stmultaneous but distributed over several hours. Why such an abrormal schizogony
N _*The dois seen in quartan malaria are often called Ziemann's but Sevfarth (1924) mentions them as
ruy's.
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should occur in this species of malaria parasite and not in the other three infecting
man, seems curious, unless this is another difference possessed by the genus Laverania
as compared with the genus Plasmodium,

Ewven although the term ‘ malignani tertian * is now used by most English
writers, there still seems 1o be great doubt as to the duration of the cycle of
crythrocyde schizogony., Various authors give this as 24-28 hours, 96-40 hours
and 36-48 hours. The reason for this uncertainty is that a large proportion of the
schizogonic cycle of this group, occurs in the internal organs, so it cannot be
iollowed with the same ease as those of the quartan and tertian parasites can be,

The prolongation of the febrile paroxysm in these supposedly tertian
infections could be accounted for by a double infection, such as gives rise to
quotidian periodicity in some zfvax infections. ¥t is possible, however, that the
older workers were correct, and that a true guotidian species occurs as in the case
of P. knowlesi in simian malaria. Indeed, Craig (190g9;1921) has reported such
a parasite, which he named P. falciparum quotidianum. Row {i917) also describes
and pictures the parasites seen in a cubture of  quotidian malaria * (Laverania
pracox].

One needs more carelul study along the lines used by Sinton ({1934) and
Mulligan {rg35) to determine the duration of the cycles in the species of monkey
malaria. Sinton (1922) using this method showed that P, feme had a definite
tertian periodicity. Cultural methods might also be useful. The strains used
would be more eusily studied wvnder conditions of wmalaria therapy. It is
suggested that possibly strains from Lhe North-West of India should be compared
with those from the Eastern parts, and African ones with Italian,

From this it is seen thai the question still remains unsolved as to whether
all * malignant tertian’ parasites have a true tertian periodicity, i.e., arc only
one species,

CAN SEVERAL SPECIES OF ASTIVO-ATTOMNAT MALARIA PARASITES BE SEPARATED
BY THEIR MORPHOLOGICAT, CHARACTERS?

While the older writers separated their different species of the Laverania
group mainly upon clinical features, they also distinguished them on morphological
grounds {Marchiafava and Bignami, 1894; Mannaberg, 1894). As these descript-
ions were reported mainly from fresh specimens, they made differential diagnosis
difficult.

The sinking of all these crescent-forming plasmodia in one species-—P, falci-
parum (P. precox; P. immacwlatum)—secmed to seitie the question, but in more recent
years many workers have doubted the unity of this species. For example, Ross
{1g911) was still inclined to belicve that there are two or three species in this
group; O’Gorman-Lalor (1913} reported the unusual morphology of such parasites
in a blackwater-fever area in India; Marchoux (1922} points out differences
between African, Italian and Macedonian forms; Schufiner and Hylkema {1922)
reported what they thought was a special form during an epidemic at Belwan in
Sumatra; many other workers are also doubtful.
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The American worker, Craig (1gog;ro21) describes what he considers to be
a new variety of P. falciparum which he has named P. falciparum quotidianum.

Grave doubt has been cast by many workers on the unicity of the Italian
and the African forms of P. faleiparum. ZTiemann (1915) thought that the form
found in the Cameroons, West Africa, was so different from the Italian form that
he narned it P. perniciosum, and has since described it in companison with other
forms of P. falciparum (Ziemann, 1938},

James and Kauntze {1930) considered that the malignant tertian parasite
scen by them in East Africa differcd from the classical description of P. falciparum,
Many Italian workers noted differences between the talian parasite and some found
in Abyssinia. The latter parasite has been named by Giovannola {1938} as
P, falciparum alhioprcum.

A curious type of P. falciparum was found by Marzinowsky {1916} in South
Russia, which showed segmenting forms in the peripheral blood, This he named
P raucasicum. *

The species most in dispute has becn P. fenne, described by Stephens {1914)
from specimens received from the old Central Provinces in India, and later from
West Africa (Stephens, 1915),

Sinton {rgz22) carcfully cxamined five cases from Nagpur Jail, and was
convinced that this was a separate specics of malignant tertian parasite.  Since
then other data have been collected to support this conclusion.

In the Indian sub-continent there seem to be at least two morphological
specics of Laverania—(i) the ordinary classical form, only secn with small rings in
the peripheral blood (except in pernicious cases), occurring commonly in the
north-western parts of the country, and (i) the large-ringed form {small rings may
sometimes be detected in the very carly stages) common in the ecastern and
southern parts of the couniry, It is the latter parasite which shows a “ tenue ™
stage.t  Every year blood films taken [rom cases in the latter parts of India, were
given to the post-graduate students in our Annual Malaria Class. Students from
the northwestern areas almost invariably diagnosed these initially as P, vivax,
because they were quite unaccustomed to seeing such large ring forms in malignant
tertian malaria. In my cxperience of some thousands of infections contracted in
the old Punjab and the North-West Frontier Provinces, ‘ tenue’ forms are ol
exireme rarity there, while they are relatively common in those from some of the
castern parts of this sub-continent {Sinton, 1g27).

Apart from the ‘ tenue’ stage with its tertian periodiciiy, the parasite is seen
for a longer time in the peripheral blood, even as late as 36th hour of its cycle, and
the rings are much larger than the classical P falciparum, ‘The pigment sometimes

* In the winter of 1934-35 some slides were sent e from Gilgit in Kashm:rshowmg paras:tcs rm&nb!ing
t'nuai(é clescribed by Marzinowsky (1916).  Unforiunatcly the specimens were mistaid before a full investigation
vould be made.

¥ 1t i5 almost certain that the * fenue ™ form i not a irue morphological characteristic of this parasies
in vivg, Tt seems 1o be a distortion, similar 10 ' banded * forms of P, mafarie, caused hy the methed of prepar-
ation {Sinton, 1955). This morphology it an indication of a special physical state of the parasite at one stage
+f its develupment which makes i1 Tiable 10 this distortion, A similar stage has not heen found in the cycle

of I]’.ﬁzlsiﬁarwn 5.5., possibly becavse this species retives from the peripberal blood at an earlier point in its
aycle.
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seen In the largest rings is finer, morce scattered and lighter in colour than the
coarser dark brown or jet-black masses seen in P. faliparum at a similar stage.
'The golden-yellow colour of this pigment was well seen in the only mature
schizont (Plate V1, Fig. 23) observed in Sinton’s cases, and which contained eight
merozoites (¢f. Marchoux, 1926). The Maures’s dots scen in the classical P.
faleiparum are vsually described as irregular in shape and few in number, and as
often being difficult to demonsirate. In P. fenue they stain more easily, and arc
more numerous, rounded, linear and coccoid in shape (Plate VI, Fig. 22).

These forms have been reported by workers in many other tropical countries,
for example Hucks and Bowden {rg24) and Darling (1925} in the United States,
Perekropoff (1gt7) in Russia, Sergent of al, (1g913) and Vialatte {1g22) in North
Africa, and Jerace (1932) in Italy, among a host of others. I have received
beautiful slides of this form sent by Dr. G. Fraser from Assam and Dr. K. L.
Rustomjee from Ceylon. Russell (1928) gives a careful review of the literature
up to that date.

Is the small-ring form that of areas of seasonal and epidemic malaria, while
the large-ring form is that of hyperendemic and blackwater fever areas? It has
been argued that the morphological differences are due 1o variations in immunity,
or in the chronicity of the infections found in those two different areas. Sinton
and Mulligan (19332;19335) werc unable in the cases of P. knowlesi and P. cynomolgi
to find that such conditions caused any morphological changes in the character
of these parasites.

In sgite of the evidence produced, the latest authoritative statement says—
“ P, tenue Stephens, 1914, is no longer accepted as a distinct species ™ (Covell et al,,
1953)-

Il P. tenue be accepted as a true specics, what is its proper specific name?
The parasite is probably the same as one of thosc originally deseribed as either
P. precox or P. immaculatum. As pointed out by Christophers and Sinton (1938}
both these names are invalid as having first been used to designate avian parasites.
Similarly, the specific name fenue is also invalid, becanse a few months before
Stephens (19t4) used it, a parasite of the Peking nightingale had been named
Hemomeba lenuis by Laveran and Marullax (1914). Zicmann (1915), in his
discussion of the human parasites, names it in his description of the figures given
on his plate—* Plasmodium khartunense (From Khartoum) Synonym Plasmodium
tenue Stephens .

ARE THERE CLINICALLY DIFFERENT ' STRAINS ' OF THE ESTIVO-AUTUMNAL PARASITE ?

Apart from the guestion of the periodicity of the febrile paroxysms, other
distinct clinical differences have been reported between * malignant tertian’
infections in various parts of the world.

When James (1932) compared the Rome strain of P. falssparum with an
Indian one, he found that it needed almost ten times the dosage of quinine to
conirol the former infection, which was, however, easily affected by atebrin. In
the Panama, very heavy doses of quinine, as compared with European practice,
are required to reduce pyrexia. Faitley (1946) has reported that almost double
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the normal dosage of atebrin was necessary to suppress some faleiparum infections
in the Aitepe-Wewak area of New Guinea, Other workers in describing their new
species have noted clinical differences.

O’Gorman-Lalor (1g13) and Hassal-Wright (1g920) drew attention to
unusual forms of the parasite found in blackwater-fever areas of India. Sinton
1927} remarked upon the similarity of the recorded distribution of P, lenue and the
same syndrome, Cort (1929) noted a special form of subtertian parasite in
association with hamoglobinuria, and Ziemann {1938) also thought that there was
a relationship between P, perniciosum and this disease. James and Kauntze (1930},
in drawing attention to the differcnces between the East African parasite and the
text-hook descriptions, conclude that * the subject certainly merits careful enquiry
in Kenya and Uganda, particularly in districts where blackwater fever occurs 7,

FAILURL TO INFECT SOME ANOPHELINES WITH FOREIGN STRAINS OF P, FALCIPARUAM.

James, Nicol and Shute (1932) found great difficulty in getting any infections
it . maculipennis var. atroparous with Indian strains of P. falciparum as compared
with the Rome one, although clinically the latter was more pathogenic to man.
‘This was confirmed by Shute (1940) with other strains of tropical origin.’

Raflaele and Lega (1g37) remark upon the difficulty of infecting 4. maculipennis
with their new variety, P. falciparum aethiopicum. Similar results with both
P. falciparum and P. vivar have been recorded in America,

As we do not know what are the factors which govern the susceptibility of
mosquitoes to any malarial infection, it is not possible to decide whether these
faitures are due to something in the Insect or something in the parasite, ¢ither of a
strain or a specific character.

WHAT 1S THE FATE OF THE SPOROZOITES IN THE INSECT
HOST?

Ross {1g905) in describing his original discovery said—" I saw the thread-like
bedies, although apparently without motion themselves, were soon scattered by the
insect’s circulation all through its body .  This passive distribution was also noted
hy Grassi and Schaudinn, Mullens (1921; 1931) showed that the sporozoites could
be found in the muscles and even in the legs and in the appendages of the head.

The concentration of these forms in the salivary glands is great, but it is
uncertain whether this is due to chemiotaxis or purely a matter of chance
{Schaudinn ,1902). It is easy to understand how the sporozoites in the salivary
glands are got rid of in the acts of biting, but the fate of the others is still uncertain.

In the early stages of the infection, at least, if a piece of a segment of a leg
is severed from an infective living insect and the fluid expressed from it, this is
found to contain large numbers of sporozoites. What is the ultimate fate of these?
Are they infective? Do they form a reservoir from which the supply in the glands
is replenished as these become depleted by biting? How long can they be detected
and are the insects still infective after they disappear from the appendages?
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Schuffner, Korteweg and Swellengrebel {1929} found that m the autumn
the bites of one or two mosquitocs failed to cause malana in the usual incubation
period, but infection appeared after eight to nine months. The impression formed
by me while working in the Malaria Laboratory at Horton was that, with the
Roumanian strain of P, vivax, these prolonged incubations occurred more often
when the sporozoites had been present for several weeks in the insect host, Were
these latent infections caused by sporozoites which had been a long time in other
parts of the insect’s body? Did this give rise to senility of these parasites or was
it merely a smalier dose of infection that was injected?

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

Tt is well known that the gametocytes of all the human species of Plasmodium
will become gametes and conjugate to form zygotes, when taken into the stomach
of even culicine mosquitoes, These zygotes never develop further in culicines and
only in certain species of anophelines. As mentioned above the zygotes of some
strains of parasitc may bebave in a refractory manner in anophelines which are
normally susceptible to such infection of other strains,

Why this occurs has never been determined. Is it due to some factor in
the inscct or some in the parasite? The best researches on the subject have been
those of Huff (rg34), but even these have failed to give a satisfactory explanation.

MISCELLANEOUS QUESTIONS.

{1} WHAT 15 THE MALARIA 'TOXIN' AND WHAT IS THE CAUSE OF THE MALARIA
PAROXYSM 7

Is there no truc malania toxin® Is the paroxysm due to a condition of
anaphylactoid shock caused by the discharge into the blood stream of particles of
pigment, remains of parasitized blood cells, and pieces of parasite at the moment
of schizogony {Sinton ef al., 1928}? '

(H) GAN DIFFERENT MMUNOLOGICAL STRAINS OF PARASITE HE INFFERENTIATED BY
DERMAL OR BY SEROLOGICAL TESTS?

Sinton and Mulligan { 1932 ) showed that an aptigen prepared from an
almost pure suspension of P. knowlesi produced a marked dermal reaction with
animals infected with a similar parasite.  Could this method be used to differentiate
the different strains of this parasite?

Before it became possible to isolate large guantities of parasite substance
{Sinton and Mulligan, 1g32), many experiments were made to perfect a comple-
ment-fixation test. Could a better antigen now be produced which would give a
differential diagnosis, between the species or even the strains of monkey malaria ?

Several precipitin tests have been tried for malarial infection. The results
in these appear to depend mercly upon their effects upon the increased globulin
content of the blood, and as such are poor diagnostically.
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{11} WHAT IS THE NATURE OF THE ANTIBODIES IN MALARIAY

From a study of malarial immunity it is evident that two factors are involved-—
an anti-parasitic one and an anti-toxic one (Sinton, 1939). The former acts by
a destruction of the parasites and the latter by neutralizing their effects.

Is the anti-parasitic one a lysin which renders the parasites more readily
deswoyed by the macrophages, or is it an opsonin which causes the macrophages
(v attack the parasites with greater avidity?

While we have no information as to the nature of the anti-toxic onc, we can
only consider its results,

Does it pass through the placenta and so cause a passive immunity in the
foctus, ot does the latter produce its own antibodies under the stimulation of
malarial ‘ toxin ’ entering its circulation from the blood of its mother (Sinton,
19394)? Can acquired maternal immunity be transmitted through her milk?

{iv} WHAT IS THE ORIGIN OF THE GAMETOCYTLS?

Arc these derived from special exoerythrocytic merozoites or from the biood
ones?  Probably at least from the latter, as they occur after blood tnoculations.

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

L'} WHAT SPECIES OF PLASMODIUM OUCUR IN THE LOWER MONKEYS OF AFRICAT

Sinton and Mulligan (1932a: 1933), Mulligan (1935) and Sinton (1934)
made a carefil study of the malaria parasites of the lower monkeys of the Old
World.

Those from Asian countries were found to be infected with ar least three
distinct species—{a) P. knowlesi Sinton and Mulligan, 1932, having a 24-hour
cycle of schizogony in the erythrocytes: {8} P, eynomolgt Mayer, 1907, with a 48-hour
eyele, and  {¢) P. inui Halberstadter and Prowazck, 1go7, with a 72-hour cycle,
Among the lower African monkeys, P, gonderi Sinton and Mulligan, 1932 {vel.
P. kochi Gonder and Berenberg-Gossler, 1908) and P. kocki Laveran, 1899, with
varietics were described.  The latter parasite has since been found not o be a

Plasmodium but to belong o the genas Hepatocysiis.

Fxcept for the careful studics made by Gonder and Berenberg-Gossler (1go8),
Berenberg-Gossler {1gog) and Gonder and Rodenwaldi (1910), the plasmodial
parasites of the lower African monkeys seem to have had little attention, Is P,
sonderi identical with P, cynomelgi? How many African species are there?
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SUMMARY.
It is pointed out that there are many unsolved problems in our knowledge
of malaria parasites and these arce discussed.
1. Should genus Laverania be again separated {rom the genus Plasmodium?
2. Is the malania parasite inside or outside the host erythrocyte?
Have we a proper picture of the cyrological structure of the malaria

i

3-
parasite?
(¢) What 1s the nature of the ¥ vacuole *?
{b} What cytological changes occur when the parasite segments?

{¢} Are multiple infections of the red cells due to simple biniary fisston
and not to invasion by multiple parasites?

{d) Is the morphological appearance of the parasite in thin films influenced
by the method of preparation?

4. What is the nature of the changes in parasitized erythrocytes?
Does the presemt species © P, faleiparum’ contain more than one species?
{(a) What is the duration of the cvcle of schizogony?
{6) Can sevcral species be separated by their morphology?
{¢} Do the infections causcd by these species vary clinically ?
(d} Do they vary in their ahility to infect anophelines?
6. What is the fate of the sporozoites in the inscct host?

7. Why are some species of anophelines susceptible to malarial infection
while others are pot ?

[ g

8. Miscellaneous questions.
{a) Is there a malaria * toxin’?
(8) Can different immunological strains be separated by laboratory tests?
{c¢} What is the pature of the ‘antibodies’ in malaria ?
{d} What is the origin of the gameciocytes?
fe) What species of Plasmedium occur in the lower monkeys of Africa?
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THE problem of the evolution of the malaria parasites is, in the nature of
things, one which can never be wholly solved, but its very difficulty makes it the
more challenging to the medical men and to the biologist. It is a question which
has puzzled malariologists almost ever since the causative organisms of malaria
were discovered, some 75 years ago, and perhaps we are even now not much nearer
a solution. Yet so much new light has been shed on what may be called the
natural history of malaria in the past decade or two, that it is worthwhile taking
a new look at the problem.

Tnvolved, of course, are not only the parasites themselves, but their hosts,
both vertebrate and invertebrate. Comparative morphology, always 2 mainstay
when biological relationships are being considered, may shed light on the degree
of kinship of existing species of Plasmodium, or of larger groups. But it is likely to
tell us little of what we might call the third dimension of the problem, or time,
And the ancestral relationships arc those in which are we most interested.  From
what did the malaria parasites cvolve? What may have been their earlier hosts?
What light, if any, can be thrown on the evelutionary development of the complex
life cycle of this genus of parasites?

The best evidence for the evolutionary history of any living thing is un-
doubtedly that afforded by fossils, but fossil malaria parasites are, of course,
non-existent, as indeed are fossil remains of most other parasitic organisms. Yet
fossil Foraminifera are known from Cambrian times (some 500 million years ago),
and Radiolaria may be even older, having been reported from rocks of
pre-Cambrian age. (Chapman, 1902; Pirsson and Schuchert, 1924; Glaessner,
1945}, Both groups of Protozoa are [rec-living, and both are almost exclusively
marine, and their antiquity is, therefore, only of interest here because it shows the
great age of the phylum, but it suggesis that the parasitic protozea may also have
had a very long evolutionary history.

{247
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Indeed, it may safely be assumed that there were protozoa of at least the
two orders just mentioned long before the oldest of these fossils were laid down,
tor the morphology of many of the latier is much like that of contemporary forms,
and it is, therefore, probable that their life-histories were also similar.  Since the
fife-cycles of the relatively few of these organisms which have been thoroughly
studied are complex, including the producticn of gametes and fertilization, evolution
must have already gone a very long way even in pre-Cambrian times. It seems
tikely that life-cycles as complex as those exhibited by such parasites as the malaria
plasmodia were even then commonplace,

Additional evidence that this was probably the case is furnished by the
vecurrence of fossil alge in rocks of this age. Alge are closely related to the plant-
like flagellates (Phytomastigida), and in many cases have similar life-cycles, also
jnvolving the production of gametes. Fossit Dinoflagellates are also known
{Glaessner, 1945) though they datconly from Cretaccous times, perhaps 140,000,000
years ago. Ciliophora and Sporozoa are unknown in the fossil state, although
since some of the former have skeletons or tests it is not impossible that such
remains may eventually be found.

Of course, one must suppose that iree-living organisms antedated those of
parasitic habit, and (except possibly the viruses) that parasitic organisms had free-
living ancestors. Yet parasitism must be a very ancient method of making a hving.
Sandon (1932) remarked * The animal kingdom presumably had its origin when
some unicellular organisms, previously accustomed to nourishing themselves after
the manner of plants, began to cat the bodies (either living or dead) of their
neighbours . Some parasitic protozoa are perhaps, even now, not far removed
from that stage, since they closcly resemble free-living species.  But the Sporozoa,
all of which are parasites, resemble no free-living protozoa known te day, and as
the great protozoologist, Gary N. Calkins, used to say in his lectures many years
ago, they represent a group the members of which are so different that it is often
impossible even to suppose any mutual relationship, Thus,however ancient some
of the free-living protozoa may be, we have no direct evidence bearing on the
antiquity of the Sporozoa. We have, thercfore, to fall back on similarities in life-
cycles, occasional similarities in morphology, physiclogical peculiarities as indicated
by host-parasite relationships (and sometimes more definitely shown by cultural
requirements), and the indirect evidence which knowledge of the evolutionary history
of their hosts may afford.

The malaria parasites are classified as Haemosporidia, subclass of the
Telosporidia. This subclass contains two families which are certainty very closely
related: the Hamoproteide and the Plasmodiide, to the second of which belong
the malaria parasites. Both families are large as far as the numbcer of species is
concerned, but small in the number of genera contained. There are at least 50
recognized species of Plasmodium, the only genus of the Plasmodiide, and probably
many more species of Leucocytozoon and Haemoproteus (the two genera comprising
the Hzmoproteida).

The second order in the class Hemosporidia contains only the single family
Babesiide, together with two genera of doubtful status: Dactylosoma and Toxoplasma®.

* According to the classification of Hall {195:5}.. o
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The Babesias are parasites of red cells, and superficially resemble the malaria
plasmodia, but, although they are incompletely known, the two orders do not
appear to be closely related.  Both vectors and life~cycles differ considerably.

It has long been thought that the malaria parasites may have originated from
the coccidia. Mesnil {18gg) seems to have been the first to point this out, and
the view was supported by Schaudinn (18gg), and later by Reichenow (1giz2).
Wenyon (1926) spoke of the affinities existing between coccidia and the
hamosporidia, from the first of which the sccond group “ may he supposed to
have evolved ”.

The evidence for the belief that the malaria plasmodia (and presumably also
their close relatives, the genera Hamoproteus and Leucocytozoon) arose from the
coccidia, lies in the close similarity of their life-cycles., All of these organisms
are typically cell parasites, and all exhibit sexual stages. The coccidia are generally
parasites of the intestinal epithelium, in the cells of which they undergo a number
of asexual generations, culminating in the production of gametes. After fertiliza-
tion, the zygote develops into a resistant oscyst, containing sporocysts which in
turn contain sporozoites, These congtitute the infective stages, and initiate a
new infection alier ingestion by a fresh host, There is no vector (but sometimes an
alternation of hosts), and hence resistant stages are generally necessary for survival
without the host.

The life-cycles of the malaria parasites are obviously very similar to this
pattern, the chief differences being the addition of a second host which, in all species
where the life-histories have been completely studied, is a mosquito, and the lack
of a resistant opcyst stage. The fact that the parasites reside i the erythrocytes
of the vertebrate host, rather than in the intestinal epithelium, seems of much
less significance than it did before the exoerythrocytic stages of the cycle were
discovered two decades ago.

The chief eontroversy revolves around the question of whether the ancestral
orgamisms from which the Plasmodiide cvolved were parasites of invertebrates,
and, therefore presumably of biting flies (such as mosquitoes, hippoboscids, Simulium,
and others), or of the vertebrates. And if it is conceded that this family may first
have been parasites of vertebrates, were their hosts in the beginning perhaps reptiles,
since it was from the latter class that both birds and mammals evolved?

These problems are unlikely ever to be solved with certainty. But it is worth
pointing out that the coccidia are typically parasites of vertebrates, although
numerous exceptions occur and perhaps the disparity in number of species occurring
in hosts with and without backbones would not seem so great if these parasites were
better known. It seems also (o be true that the majority of coccidia of invertebrates
do not ocecur in insect hosts.

The fact that most coccidia are parasites of the gut suggests that they were
originally acquired as the result of ingesting food or water contaminated with
them. Of course, the forms from which they evolved must once have been free.
living, although it is at least conceivable that they may have parasitized invertebrates
before becoming adapted to life in veretbrate hosts, and that the latter were first
infected byingesting the former, Inany case, it seems probable that these ancestors
of the coccidia of vertebrates had already developed a highly complex life-cycle,
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just as those protozoa we know as fossils must have done. Doubtless cysts, the
production of which often climaxes a period of asexual reproduction and may
also involve a sexual cycle, were the infective stage. Certainly a good deal of
adaptation must have been required for life within a living host, but protozoan
cysts have often been observed to survive passage through the intestine and some
free-living species may even persist there for a limited ome.

Huff (1938; 1945) has urged the point of view that the malaria plasmodia
and their close relatives were at fivst parasites of insects, and became secondarily
adapted to life in vertebrates after their insect hosts developed the blood-sucking
habit. The fact that these parasites do not seem to be pathogenic fo their vectors
favours this theory, and yet, as Ball (1943) has rather convincingly maintained,
there are too many exceptions to the rule that the degree of pathogenicity is
inversely related to the duration of association between host and parasite to make
this type of evidence more than doubtfally suggestive.

Huff also emphasizes the fact tharc the life-cycles of the Haxmoproterde and
Plasmodiide are more similar as far as the insect host is concerned than for the
vertehrate host. This is true (although we still know little or nothing of the life
histories of many species), but it is worth pointing out that the newer knowledge
of the vertebrate portions of these life-cycles makes them scem ever more alike.

The known insect hosts of the Hzmoproteide and Plasmodiide include
hippoboscid flies (Hemoproteus), Simulium  (Leucocylozoon}, and  mosquitoes
{ Plasmodium). The fixst of these vector groups is only distantly related to the Jast
two, and it may {as Huff concedes) suggest—despite the undoubted similarity of the
insect portions of the life-cycles of all three genera of blood parasites—that this
portion of the cycle developed later than that in the vertebrate host,

But, in any case, the insect-vertcbrate type of life-cycle characteristic of
this group of ha&matozoa could not have evolved before the ancestors of the present
vectors adopted their blood-sucking habit. That this dietary requirement may
not be very ancient is perhaps indicated by the fact that it is, even today, restricted
1o fernales,  As for the antiquity of mosquitoes, sufficiently like those of today to
be recognizable as such, they are known from Eocene times, some 60 million years
ago. A fossil form, believed to be a male mosquito (note the plume-iike antenna),
found by the writer in the famous Qligocene shales of Florissant, Celorado, is shown
in Plate VII, Fig. 1. Mosquitoes are, of course, older than this, and doubtless this
is also true of other blood-sucking Diptera. Diptera as a group appecared as early
as the middle Jurassic, but they were at first restricted to midges and cranefly-like
forms (Carpenter, 1953). The oldest known fossil insecis (notably the extinct
Palzodictyoptera, and cockroaches) were extant in the later Carboniferous period,
which is believed to have been about 250 million years ago. It is worth noting
that insect evolution had gone a Jong way even then, and it is very likely that
insects were already well supplied with protozoan and other parasites,

The classes of vertebrates 10 which the known natural hosts of the malaria
plasmodia belong include, as perhaps we should expect, all those of terrestrial
habitat. * But susceptible host species are not evenly distributed among these classes,

*Malaria parasites have alto been reported from the bull frog by Fanibam, Porter and Richardson,
{194:3), but nothing else is kitown about them.
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nor are such species reladvely numerous.  Most of the known repilian host species
of plasmodia are lizards, and the majority of avian hosts are passerines. There is
much more varicty among the malaria-susceptible species of mammals,

The striking parallclism between the reptilian and avian species of Plasmodium
has often been noted. Together these species constitute almost two-thirds of the
recognized species of the genus.  Unfortunately very little is yet known about the
life-cycles of the malaria parasites of reptiles, but the resemblances in morphology
of the avian and reptilian types point to a close relationship, It may be that such
similarities are to be explained as due to parallel evolution, but it seems more
likely to he the result of relatively slow evolutionary change on the part of the
parasites since the original separation of avian and reptilian stocks, even though
bird and lizard lines of descent must have diverged at a very early period,

The relatively small number of malaria-susceptible species among the
mammals, and their spotty taxonomic distribution (antclopes, water buffalo, rodents,
primates, bats, to mention the more important) seems to suggest that malaria among
them was a kind of after-thought on the part of nature. Perhaps the greater
pathogenicity of some of the mammalian species of Plasmodinm points to the same
conclusion.

Another fact which may supporit the belief that malana was originally a
discase of reptiles, and then also of birds, is the very common occurrence of the two
closely related genera* of blood protozoa, Hemoproteus and Leucocylo zoon, among
birds and, in the case of the former, among reptiles also.  As with the avian malarias,
infections of Hemoproteus and Leucocylozoon seem usually to affect the host very little,
a fact which seems (o indicate a very Jong period of host-parasite association.

Still another fact which is in accord with the possible earlier occurrence of
malaria in reptiles and birds is their greater antiquity. Except for the monotremes,
mammals apparently were virtually non-existent before the Tertiary, whereas birds
go back to the Jurassic and reptiles to the later Carbeniferous periods, (Romer,
1941). Thus both the two last groups probably antedated in ongin the Diptera,
and, especially, the blood-sucking types now serving as vectors of malarial and
malaria-related parasites. (But it must be remembered that the vectors of the great
majority of species of Plasmodium are stll unknown, and there is no certainty
that all arc mosquitoes. It is also true that the vectors of most species of
Hemoproteus and Leucocytozoon still remain to be discovered).

The occurrence among the coccidia of gencra such as Skellackia and
Lankesterells {family Lankesterellidae), in which a life-cycle not unlike that of the
Hemosporidia occurs, has often been regarded as supporting the theory that
parasites of this group originated in vertebrate rather than invertebrate hosts.
Perhaps this is best regarded as simply the result of parallel evolution, but it
certainly indicates that the original hosts of parasites such as these need not have
been insects, for here the cycle involves in the one case (Skellackia) lizards and mites,

#There are also cerlain bematozoa of mammals which differ so Tistle from the true malaria parasites
that they were for a long time put into the genus Plosmodium.  Such are Hepatocystis (Plasmodim) kochi of
monkeys and ceriain similar parasites of bats.  What is known of their life history suggests that they may

rhaps be regarded as the mammalian analogues of Hemoprotens of birds and reptles.  (Hawking and
ﬁleum, 1947 ; Garnhamn, [948-04; Manwell, 1946).
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and in rhe other frogs and leeches. The nature of the cells parasitized in the
vertebrate hosts also certainly suggests that the coccidian ancestors of the Hemo-
sporidia may have developed along similar lines, for Skellackia multiplies in the
intestinal epithelium of lizards, the sporozoites later entering erythrocytes, and
Lankesterella reproduces in the endothelium of the capillaries of the frog, with
subsequent sporozoite invasion of the red cells. The tissue stages may be regarded
as corresponding to the reproductive stages of Hemoproteus and Leucocylozoon in
the vertebrate, and to the exoerythrocytic forms in malaria.

In the light of the occurrence of lifs-cycles such as these among certain of
the coccidia, it is rather tempiing to think of Hemeproteus as perhaps the oldest
of the three closely related genera, Hemofroteus, Leucocytozoon, and Plasmodium, In
ihis genus asexual stages do not occur in the blood, and it is found in both reptilian
and avian hosts. Possibly the very highly specialized nature of the known vectors
{hippoboscids), presumably indicating a long period of evolution on their part,
points to alike conclusion.

Leucocylozoon may have originated later, and still seems to be confined to
birds. That the biological relationships of all three genera are still close, however,
is indicated by the ability of certain stages of each to live in erythrocytes,* and by
the oceurrence of asexual multiplication in tissue cells of one kind or another—often
with striking similarities in morphology—(Plate VII, Figs, 2, 3, 4). Since all types
of blood cells (except lymphocytes) are believed to have a common origin, differences
in the blood cell type parasitized may not be very significant. Nor does it seem
that it would have been a very long step from reproduction in tissue cells of some
type in the vertebrate to reproduction in cells of the blood itself, as in the case
of malaria. If some gametocytes or sporozoites also spilled over into blood cells
from their hypothetical ancestral habitat in the intestinal epithelium, the way would
be open for the evolution of an insect-vertchrate cycle. '

Little can be said as to the possible or probable mutual relationships of the
different species of Plasmodium. The lhife-cycles of all, as far as is known, are
similar, and follow a patiern stmilar to that in the genus Hemoprofeus and
Lewcocytozoon. Tt might be thought that those avian and reptilian species of
Plasmodium which most closely resemble one another arose the one from the other,
This may, of course, have been the case, but parallel evolution may also have
occurred. It is possible to divide species of the genus according 1o whether the
gametocytes are clongate, or round or irregular, and according to the nature of
exoerythrocytic schizogony, If the latter is done, the types are Plasmodium gallinaceum
and P, elongatum. But Plasmodium mexicanum of reptiles cxhibits both kinds of
exoerythrocytic multiplication (Thompson and Huff, 1944). On the whole,
although such characteristics afford convenient bases for classification, so Jittle is
yet known about the cycles of most species of Plasmedium (and this is equally true
of species of Hemoproteus and Leucocytozoon) that it does not now seem worthwhile
to try to work out the detailed relationships of any of these parasites,

*Failis ¢f al. (1961} and Cook {1954} have shown that Lmacy.foz;aon simandi may invade erythrocytes;
he writer has also observed this in other species oceas.onally,
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SUMMARY.

The problem of the evolution of the malaria parasites and their close
relatives among the Hiemosporidia is considered, and it is suggested that they may
well have arisen from coccidia of vertebrates rather than from those of insects, as
has been more commonly supposed. This possibility is consistent with, or is
supported by, various facts of palwontology and of host-parasite relationships. But
too little is known about the life-cycles and physiology of many species of the
Hamosporidia to give anyihing like a final answer to the problem of their evolution.
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ABSENCE OF CROSS-IMMUNITY BETWEEN PLASMODIUM
CYNOMOLGI AND PLASMODIUM GONDERI.

BY
P. C. G. GARNHAM
AND
R. §. BRAY.
{ Londen School of Hygiene and Tropical Medicine.)

(haly 21, 1953,3

THREE species of pivax like malaria parasites arc known to oceur in lower
monkeys: Plasmodism ¢ynomelgi (Mayer, 1907) in oriental macaques (chiefly from
Malaya), P. gonderi (Rodhain and van den Berghe, 1936} in African mangabeys
{chiefly from Belgian Congo) and P. simium (Fonseca, 1g5r) in Brazilian spider
monkeys. All three species are much alike: they exhibit a tertian periodicity in
the blood, cause enlargement of the erythrocyte accompanied by Schiiffner’s
stippling, and morphologically resemble P, vivax in the asexual and sexual stages.
When Sinton and Mulligan {1933) tried to disentangle the muddled systematics
of monkey malaria, they remarked that P. inut var, cynomolgi and P. inui var, gonderi
{as they were then called), would very possibly prove w be identical, and they
were unable to find any differential characters between the two parasites, Rodhain
and van den Berghe (1946) re-described P. gonderi, pointing out that its cyele in
the blood occupied 48 hours and that it could, therefore, hardly be called a sub-
species of the quartan P, inyi. Mulligan (1935) described P. cynomolgi in consider-
able detail, and from this description and from our own observations, it is possible
to specify a few characters by which this species may sometimes be differentiated
from P. gonderi {Table YI). Little is known about P. gmium and a strain has
never been isolated; from the descriptions given by Fonseca (1951), this South
American representative of simian benign tertian malaria parasite has no features
distinguishing it from other members of the group.

Strains of malaria parasites behave differently in their immunity reactions.
Avian species as a whole have a wide spectrum of immunity, the larger species
producing fairly strong cross-immunity {e.g., between P. relictum and P. cathemerium—
Redmond, 193g), and the smaller also {e.g., between P. rouxi and P. hexamerium—
Draper, 1953). The human parasites on the other hand show no cross-immunity
between species, and although strains of P. evale are antigenically similar (Jeffery

{255)
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et al., 1955}, so-called strains of P. falciparum and P, vivax are so different (immuno-
logically and in other ways) that they sometimes receive sub-specific names.
Rodhatn {1954} has recently used the absence of cross-immunity between P. berghs?
and P. vincker as confirmation that they represent distinct species.

We felt that it would be useful to discover if cross-immunity tests would
give a clue to the specific status of P. cynomolgi and P. gonderi. We possessed a
number of monkeys highly immune (o the former, and thus had a good opportunity
of carrying out the requisite experiments,

IMMUNIZATION OF MONKEYS.

Your Macaca mulatte {Numbers 81, gg, 501, 102) were immunized agamnst
P. cyomolgi * by blood and sporozoite infections as shown in Table .

Tasre 1.

Immunization of moenkeys against P. cynomolgl.

Date of first Superinfection with P, gmomelgi
Monkey infection . Mode of i
Number with first Date of | Mode of f Subsequent
P. cynomolgi infection super- super- | course of
infection infection infection

14/5/53 | Blood
81 May 29, 1951 | Sporazoites | 24/8/58 | Blood
i 28/7{54 . Sporozoites
: 2/2/65  Blood
]

1
t
!

14/5/53 ! Blood
24/8{53 . Blood
H9 . April 25,1932 | Sporezoites 28{7/34 | Sporozoites
: ajzisb | Blood
25{2[3% | Sporozoites
; 14/3/53 Rlood )
Wi July 23, 1952 | Blood 24/8/58 | Blood i

28/7/54 | Sporozoites
; 2/2/55 | Blood

14353 | Blood

B R L. T 7 P ouru O Ay

02, July 23,1052 | Blood | 24853 | Blood i
: i 28/7/54  Sporozoites !
| 2/2{53 : Blood
! . L R
* Shortened infection. .1’ Transitory infection. 1 No infection visible,

1t will be noted that when blood containing P, ¢ynomelgi is inoculated into
monkeys immune to this species, usnally no visible parasitemia follows; if parasites
appear, they are very scanty and persist for a few days only. Sporozoite infections
are no more effective.

*Strain originally came from the Malaria Instiute of India and came 10 us via the Rockefeller Foundation,
New York,



P. C. C. Garnham and R. S. Bray. 257

RESULTS OF INOCULATING PLASMODIUM GONDERI* INTO MONKEYS
IMMUNIZED AGAINST PLASMODIUM CYNOMOLGL

Fifteen mls. of blood were withdrawn from a rhesus monkey which had a
chronic infection of P. gonderi, The blood was citrated and was divided into five
equal portions, each containing about 250,000 parasites. These were inoculated
into four immunc monkeys (Table I) and into one control (M. 152). The
course of the ensuing infections was studied in daily blood films, and the density
of parasitwmia is shown in Table II. Unfortunately, the control monkey died
after 11 days, but the normal course of this infection in Af. mulatia is sufficiently
well known for us to be able to predict what would have happened in the control
monkey had it lived, that is to say—-a chronic infection would have developed
and persisted for years,

TasLe 11,

Course of parasitemia of P. gonderi in cynomolgi-immune monkeys.
Number of parasties per 10,000 ervihrocyies.

Monkey number.
Days altes i
inlection ; R TR e ———
; Control 152 21 09 10t ]I 102
i i 1 P T ___...___.i —
1 --ve —ve i —vi ! e
3 v e i —e | —-—ve
3 +ve 4-ve : deve ! —ve
1 e e : +ve I —ye
3 1 1 : L i —ve
8 G +ve e —ve
ki 7 8 : feve ' +ve
3 41 ! 15 1 ! Jve
9 87 37 2 il
U ! 32 ; Fory b ; 4
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Each immune monkey showed a density of parasitemia of the same order
as that of the control, with many minor fluctuations. All the animals became
anzmic, and Monkey 81 became quite il), its blood containing numerous normo-
blasts and other abnormal elements.

Each infection was examined critically to determine if it were really P,
gonderi and not a recrudescence of P. ¢ynomolgt provoked by the injection of foreign
blood. The minor morphological and clinical differences were observed in each
case, the time of rupture of schizonts was approximately 3 p.m. (G.M.T.) on
alternate days, instead of g a.m. when schizogony of P. ¢ynomelgi occurs, and the
behaviour of the parasite in Anopheles maculipennis var. atroparvws was typical of
P. gonderi. The infection in mosquitoes rthus developed in the normal way up to
the ripe socysts stage (about 50 per cent of a batch of 120 becoming infected after
feeding on M. 81), then the ojcysts rupiured and rapid lysis of most sporozoites
occurred,  The salivary glands became only lightly infected (50 per cent).
P. ¢ynomolgi develops readily in this species of mosquito and the salivary glands
remain packed with sporozoites for weeks. These three tests suffice to show that
the new infections were due to P. gonderi and not to P. gynomolgt.

This experiment indicates that monkeys immune to P. ¢ynomolgi are susceptible
io P. gonderi.

RESULTS OF INOCULATING PLASMODIUM CYNOMOLGI INTO A
MONKEY CURED OF A CHRONIC INFECTION OF PLASMODIUM
GONDERI.

Rhesus monkeys never become immune to P, gonderi in the way that they
do to P. ¢ynemolgi: instead a chronic infection persists for years, often at quite a
high level of parasitemia. It was, therefore, impossible to plan an experiment on
the same lines as that described in the preceding section, and a monkey with such
a chronic infection was used.

A monkey (M. 12g}, which had suifered from a blood-inoculated P. gonderi
intection for two years, was cured by the administration of 300 mg. of quinine
bihydrochloride. A few days later it was infected with P. gynomolgi by exposure to
mosquitoes heavily infected with this parasite. On the ninth day, rings were
found in the blood, and an infection typical of P, ¢ynomolgt followed, terminated by
spontaneous recovery. Anopheles masulipennis were fed at a suitable time on this
monkey and the resultant infection (8o per cent) was typical of P. cmomelgi:
sporozeites appearing and persisting in Jarge numbers in the salivary glands.

This-experiment again demonstrated the absence of cross-immunity between
the wwo species. '

DISCUSSION.

The only final criterion for differentiating species of parasites is morphology;
perhaps the next best is geographical separation in a different host. Alterations
of behaviour, such as inability to complets development in the invertebrate host,
or different response to drugs, probably indicate the beginning of a species change,
but are generally regarded as too intangible for taxonomic use. The existence of
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cross-immunity between two organisms must mean the possession of 2 common
antigen; its absence the lack of one, indicating a fundamental difference which
may be specific in character. The absence of cross-immunity alone would have
little diagnostic value, but when associated with other evidence might provide
useful confirmation of the status of a parasite. Our experiments suggest that there
is no cross-immunity between P. ¢ynomolgt and P. gonderi in rhesus monkeys,
confirming that they are two distinct species. Table IIT presents the characters
which may be used to differentiate these two species.

TasrLe III,

Differential characters of Plasmodium cynomolgi and Plasmodium gonderi.

Character l' P. cynomolgi i P, gonderi
Origin ] East Indies 1 West Africa
Host i :
{Vertebrate : nature) i Macaca irus - Cercocebus spyp.
;
Host ) : i
{Insect : laberatory} . A maculipennis-excellent | A, maculipennis-poor
Course of infection i I' High chronic
in rhesus i Selfdimiting { parasit@mia
Time of rupture of schizonts  *  Tarly morning : Late afterncon
Cross-immunity i. Nil Nit
i
Effect on ervitirocytle Bistinct enfargement i Slight enlargement
. |
*Double chromatin {10 per cent in young
dots™ rings 1 Rare or absent
Numer of merozoites | 154 P2

Both species have a 48 hour blood cvele, produce Schafiner’s dots, show
double invasion of red blood cells, exhibit indistinguishable gamctocytes and have
sporozoites of equal length (115 # dried).

SUMMARY.

1. Monkeys immunized against P. cynomolgi arc susceptible to P, gonderi,
2, A monkey cured of a long-standing infection of P. gonderi proved to be
susceptible to P. cynemolgi.

3. This absence of cross-immunity plus other evidence indicates that the two
species are distinct from each other, though both belong to the “benign tertian
malaria » group.
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A NEW APPROACH TO THE EPIDEMIOLOGY OF MALARIA.
BY
G, MACDONALD, cM.G., M.D, F.R.G.P, D.P.H., DEM,

{Director, Ross Institute of Tropical Hygiene, London.)

{ Septeanber 5, 195, )

Our knowledge of the cpidemiology of malaria owes more o workers in
India than in any other country of the world. It was first advanced by Dempster
(1848) who established the general circumstances in which malaria occurred,
the means by which it could be accurately measured, and some of the means by
which it could be prevented. The transmission of the discase by mosquitoes, the
differing vectorial capacity of anopheline species, the causation and nature of
epidemics, and the nature of hyperendemic malaria were all described in India
as the highlights of a mass of work which has no comparison elsewhere, Before
1929 this was distributed in a number of journals but since then has been for the
most part collected in one series which is worthy of the work which it records.

The author owes much to the exaraple of workers on malaria in India, to
the experience he has had there, and also to the opportunity to contrast malaria
in India with that elsewhere. The contrast has, however, often only complicated
understanding. Types of malaria which in description seemed similar became
markedly dissimilar when examined closely. Hyperendemic malaria in India
was not the same as hyperendemic malaria elsewhere. The explanation of regional
cpidemics was completely satisfying in India but failed to explain why they did
rot occur in places with apparently similar surroundings in other countries, An
attempt has been made to resolve some of these difficultics through the process of
mathematical analysis of transmission of malaria along lines originally prepared
by Ronald Ross {1916). The outcome has been a series of papers {Macdonald,
1950a:h; 1952a:5; 1953:1955) which, though essentially simple in themselves, are
partly written in a language unfamiliar to most malariologists, of mathematics,
The ohject of the present paper is lo translate much of this working, atiempting to
expose the methods of work used and show how the products of mathematical
analysis can be used to claborate understanding of the normal epidemiology of
malaria in the field.

(261)
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FACTORS INVOLVED.

The state of parasitemia is an intermittent one varying in length with
characteristics of the parasite and the immunity of the individual concerned. Proper
account can be taken of these variations but it is convenient to consider happenings
in a totally non-immune person, in whom it has been shown that Plasmodium
faleiparum infection may typically be patent on about 200 to 230 days, whilst
gametocyles may be present on about 80 days following a single infection. On
cach -of these days the patient may be Litten by vector mosquitocs, let us say in
iHustration by about 10, and if the infection is established it proceeds through ootcyst
development to the production of sporozoites. The time taken for the production
of sporozoites is a function of temperature. Figure 1 shows the approximate
speeds of development of P. falciparum and P. vivax in the mosquito to the stage
of production of sporozoites. In ordinary tropical climates one might say that
the normal time of development of P. falsiparum is 12 days, though this may be
much prolonged in cooler weather, The proportion of mosquitoes which survive
suffictently long for this development depends on the mortality to which they are
exposed, Figure 2 shows how this varies with mortality. Circumstances in which
the daily mortality is ten per cent--a not unreasonable figure-——may be used in
ilustration, in which case about g0 per cent will survive for this period.
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Next comes the qucstion of how long the mosquite may be expected to
survive to hite other people should it have lived long enough for the development
of sporozoites. Again it depends on the mortality to which the mosquitoes are
rxposed and is Hlustrated in Figurc 3. In the example chosen with a 10 per cent
mortality the expectation of such life would be abour ten days. The number of
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people whom the mosquito will bite during that period depends on its biting habit;
under tropical conditions the majority of anophclines take a blood meal once in
every two days, but their habit of selection of man or other animal varies very
greatly. In some, for instance A. gambie, the meal is almost invanably on man;
in others, the meal is rarely on man if other foods are available. In the example
used for illustration it may be taken that it feeds normally on man and once in
every two days, that is to say that it might be expected to take five such feeds after
the development of sporozoites in the glands. The success of the infection which
it thus transfers turns on the infectivity of the sporozeite and susceptibility of the
individual, but assuming success, infection is followed by an incubation period
which can be taken as ten days, and in the case of faleiparum infections by a further
ten days before gametocytes appear and the case becomes infective to mosquitoes,

CONCEPTS.

In the example chosen the individual was bitten on each of 8o nights by
ten mosquitoes of which 30 per cent survived for the development of sporozoites,
and cach of which took five subsequent feeds. There is a potential infection of
as many 2§ 1,200 people from the original. This introduces the idea of a
reproduction rate, the number of secondary cases which potentially could be infected
from a primary one, and the example chosen is not an extreme one,  This reproduc-
tion rate is at the corc of all epidemiology. The figure just given—I,200—is a
gross rate; ohviously this rate of multiplication could not go on unchecked for ever
and it is worth examining what are the forms of brake on multiplication which
eventually restrain it. In the case of insect-horne diseases there are two brakes,
one is the existence of previous infections in the individuals who receive infective
hites, so that the subscquent bites are non-effective and do not actually produce
new cases of the discase, The other brakeis the occurrence of superinfection in
the mosquito, which may have a previous infection so that a second infection does
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not materially increase its infectivity. These factors together reduce the gross
reproduction rate to a net one which may be much lower. Should this fall below
one, successive generations of cases will be smaller than their predecessors and the
disease will disappear; should it be greaier than one, successive generations will
increase and the disease will mount 1n the population. Obviously the objective
of all control is to keep the reproduction rate below one so that successive genera-
tions decrease in size and the disease disappears. Since in the last resort when
it i in process of disappearing, the gross and net reproduction rates are the same
it can he said from the start that the objective is to reduce the gross reproduction
rate below one.

The idea of a critical level is also introduced here. It is not necessary to
eliminate transmission completely in order to get disappearance of the disease but
only to reduce it below some significant level, after which the disease will decrease
indefinitely. ‘This is a most important concept in gencral epidemiology and
particularly in that of malaria, and explains the occurrence in some parts of the
world of anophelism without malaria, the transmission being at such a low rate
that the disease automatically extinguishes itself.

INTERACTION OF FACTORS.

Fundamental epidemiology considers this cycle of transmission in various
stages. The sporozoite rate depends on the number of gametocyte carriers in the
population, on the period of the extrinsic cycle and on the mortality rate of the
mosquitoes in amanner illustrated in Figore4. Themortalityis here put asasurvival
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rate, 095 meaning that g5 per cent survive through one day. 'The graphs have
been developed as a result of theoretical working which has been well checked in
the field and shown to be substantially eorrect.  In the most malarious conditions
of Africa the sporozoite rate is usually of the order of ten per cent which represents
a survival rate of about 0'g5, that is to say a five per cent daily mortality, a 12-day
extrinsic cycle, and about a one per cent chance of a mosquito biting an actually
infective person on any particular day, for in these conditions in Africa the
prevalence of infective people is reduced by the occurrence of immunity. In parts
of India where malaria is transmitted by A. sulicifacies very much lower sporozoite
rates of the order of o't per cent are often recorded. Tn an extensive series of
surveys made by Russell and his co-workers in Madras it was 0-064 per cent; this
was attributable to a 225 per cent daily mortality of the mosquito which took
only, on the average, 1 out of 40 of its feeds on man, an extrinsic cycle for P. vivax
of about nine days, and a gametocyte rate in the population of about 1 3 per cent,
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Having analysed the relationship of the sporozoite rate to the gametocyte rate
the next point is to examine the parasite rates which would be given by a constant
inoculation rate. The series of graphs in Figure 5 shows how the parasite rate
in infants might be expected to mount with passing time and increasing probability
of infection according to the inoculation rate to which they are exposed. In
cach case the curve mounts to a platcau. Where the inoculation rate is lower than
ihe recovery rate this plateau is below the level of 100 per cent infections. In
gther cases the parasite rate rises tapidly w0 100 per cent and subsequently
remains at that level, the majority of individuals actually suffering from two or
more concurrent infections, This theoretical graph can he and has been checked
against similar curves observed among infants in nature. The curves fit with
extraordinary accuracy in a large number of cases, which establishes the general
yeracity of their shape and derivation. There are, however, a number of cases
in hyperendemic parts of Africa where the inoculation rate derived from this form
of working is very much less than that derived by entomologists examining the
numbers of mosquitoes and their sporozoite rates, and it is thought that the
vxplanation Yies largely in the very Jow grade infections of the mosquito, consequent
on low gametocyte counts in the population which is highly immunized.
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In wnature the parasite and sporozoite rates are dependent on cach other.
An wcrease in the parasite rate automatically increases the sporozoite rate, which
n turn increases the parasite rate, and so on ad ifinitum until the brakes on
multiplication, the occurrence of superinfection in man and the mosquito, bring
increase to an end. The next process in analysis is to examine the form of
happenings when both the parasite rate and the sporozoite rate are allowed to
vary in a manner dependent upon each other.  Assuming for the sake of illustration
that there has been some mild malaria in a community and thus a reservoir from
which the disease cap arise, and thai transmission is abruptly increased, analysis
produces the form of epidemic curve which would result. 1t has a curious form
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starting with an original abrupt step, followed by a pause, and after a lag by a
second more rounded curve,

Epidemics in nature are almost always mixed ones of P. sivax and P. falciparum,
and the fact that gametocytes appear carlier in the case of P. vivax alters the timing
so that in reality there are two separate epidemics which together form a combined
curve like the upper one in Figure 6. This may be compared with actual
happenings in nature.  In cvery once of the local Ceylon epidemics of 1934/35,
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i, 6, Two syathetic epidemie curves built on identical data excepr for differences in
incubation interval and extrinsic development, corresponding to those of
P, vivax and P. falciparum.

and in most subsequent ones, one¢ can trace the same general form.  All natural
epidemics do in fact consist of two scparate curves as has been shown, and the
occurrence of a very abrupt start, the preliminary appearance of P. zivax and the
subscquent appearance of P. falciparum with a high mortalitv are accepted features.
With this verification one can fit theoretical curves to the actual curves of Ceylon
and from this process of fitting find the order of events, the amount of multiplica-
tion of mosquitoes necessary to produce such a catastrophe.

Epidemic curves reflect the admission of new cases but there are two factors:
new cascs and the parasite rate.  The latter mounts from the start of the epidemic
to achieve a platean, which may be roo per cent of the population or less, In
analysis it is represented by a theoretical formula which cannot be directly checked
in nature, because when this steady stage is reached immunity sets in, alters the
value of one of the factors involved—the duration of the discase—and invalidates
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divect comparison. The expression might, therefore, remain one of theoretical
academic interest except that it can be used in subsequent examination of the
stability of equilibrium, a very important concept which may be illustrated by a
mechanical analogy: no engine however well governed runs perpetually at the same
speed, some increase of the load on it produces some slight decrease in speed
though this may later be adjusted by the governing mechanism. Now imagine
iwo engines one of which is fitted with a reasonably efficient governor which
majntains it running at roughly the same speed whatever the load that may be put
upon it, and another which has an extremely ineflicient governor so that with
variation of the load or the amount of fuel supplied the speed shows great diver-
gences from the normal. The speed of the first is fairly stable and of the second
unstable. Exactly such a mechanism happens in any insect-borne disease according
t0 the efficiency of the two brakes mentioned earlier. The brake of cancellation
of infections falling on already infected people is, of course, always the same, The
brake to multiplication applied by the probability that infections would fall on
mosquitocs which are already infected varies very greatly with the characteristics
of the mosquite and the probability of its biting more than once, Theory suggests
that the greater the probability of the mosquito biting man inthe form of its biting
habit, choice of man and length of lifc in which to bite, the greater will be the
wverlap of infections in the mosquito and the more efficient the governing
mechanism, resulting in a much more stable epidemiological condition with less
tendency to vary from the mean. It is in exactly this characteristic of degree of
variation about the mean that natural conditions differ so markedly from cach other.
In some places malaria repeats itself annnally with astonishing regularity, and in
parts of the perennially warm tropics the discase shows very little variation over
several years. However, in other places and notably in northern India, parts of
Pakistan and in Ceylon, the variations {rom year to year are exireme. In some
there is a periodic variation with a cycle of about cight years, but apari from this,
good and bad years follow each other in an irregular manner. Examination of
the vectors of malaria shows that these two types do in fact depend on the longevity
and the biting habit of the mosquito as theory had indicated they would.

EPIDEMIOLOGICAL TYPES.

By this route the concept of two quite different types of malaria, stable and
unseable, is introduced. The first is caused by transmission by a mosquito which
fecds often on man and has good prospects of life.  The eritical level is extremely
fow and in consequence anophelism without malaria is extremely rare, The
disease shows litile tendency to fluctuate from its normal, and epidemics amongst
ihe indigenous inhabitants are rare. In conseguence of the regular transmission
of the discase immunity is fairly readily established amongst the local population,
adults often show a firm resistance to it, and the disease is very difficult to control
by anti-larval measures and relatively difficult by imagicidal measures, On the
other hand there is unstable malaria caused by transmission by a short-lived vector
not feeding normally on man; the critical level is relatively high; anophelism without
malaria is common; the disease is extremely fluctuant in character varying very
greatly from year to year, sometimes with dramatic epidemics of extreme severity
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as those in Ceylon and the Punjab. The irregularity of transmission and the
occurrence of consecutive years when it happens only on a small scale, results in
a poor stimulus to the develpment of a firm immunity in a population.

Thesc processes can show what is happening in epidemiology and why it
is happening, why malaria is so vastly different in, for instance, central Africa
where it is of the extreme stable type, and in Ceylon and the plains of India
where it is of the extremely unstable type; one can in fact map out in the world
zones where the epidemiological types differ. In northern Europe, for instance,
malaria was relatively unstable, and is in fact in process of natural control by
deviation of anophelines from man, whereas in southern Europe it is of the
extremely stable type and remained unchanged until the development of imagi-
cidal control in recent years, '

CONTROL.

The object of all control is o reduce the reproduction rate below one.
Without suggesting that the rate should be a.ccuratc{y calculated in every region,
one should at least form a concept ol the nature of the reproduction rates and the
degree of reduction necessary to cstablish control of the disease. Theoretical
examination can show the changes in the density of anophelines, in their daily
mortality, or in their habit of feeding on man which would be necessary to eliminate
the disease. It is the function of the epidemiologist to find as accurately as possible
the value of the factors listed in che first section and particularly the biting habit
and longevity of the local vector; from them to determine the actual amount of
transmission and the potential amount should the entire popuiation be non-immune,
in the form of the basic reproduction rate; from these, estimaics must be made of
the changes in conditions necessary for control. It is then for the executive to
determine how these changes can best be produced, though in most cases it will
be by the use of residual insecticides. The determination of the actual mortality
achieved by the use of particular insecticides in the field, using experimental trap
huts, when related to estimates of the mortality necessary can, undoubtedly, avoid
wastage.

Though the immediate attack should usually be through insecticides, their
great value should not distract attention too much from the utility of other methods.
The most significant feature in the epidemiology of malaria is the fact of its apparen-
tly nawral disappearance from vast areas of the globe. These include the greater
part of northern Europe, the greater part of the United States and parts of Canada
which were once intensely malarious, and lesser zones within the tropics. These
* spontancous * regressions have occurred in places where the local mosquito is
readily deviated from man to cattle, and it seems probable that the regression follows
some slight change in agricultural pattern which has led to the more ready
availability of animal food. There are large areas in India where even before the
application of the modern methods of control, malaria was absent despite the
presence of some vector mosquitoes, and there are other considerable areas where
the disease has shown itself to be evanescent, coming and going in an irregular
way following minor changesin the environment. This indicates that over very large
tracts indeed the basic reproduction rate was naturally near its critical level
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of one, and the amount of change needed to bring it permanently below that level
would be small. Any deviation of the mosquito from man to animal must act in
this direction and the influence of such deviation is very marked. The most
interesting epidemiological study in India therefore lies in those arcas of anophelism
without malaria, and should concern itsell with the precise reasons why malaria is
abscnt, and the levels of mosquito prevalence, longevity and anthropophilism which
permit the co-existence of man and mosquito without the transmission of the
disease. With the knowledge gained in such studies the present great malaria
control programme could rationally go on to one of elimination throughout
India, to be succceded by a programme of agricultural development which would
rake account of the protective value of cattle as an insurance against re-introduction
of the disease, just as the present agricultural pattern of northern Kurope and
northern America is an insurance in those areas.
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WrrH the advent of modern synthetc antimalarials, treatment of acute
atlacks of malaria nowadays presents few difficultics.  The most powerful of the
series (by oral route), as judged by the speed of action in relieving clinical symptoms
ag well as by the clearance of asexual parasites from the pertpheral circulation,
are the drugs of g-aminoquinoline serics. Even in  extremely severe cases,
parenteral administration of chloroquine preparations has been found to be as
effective as quinine though some consider that the former is somewhat better,
However, that would need detailed comparative studies against all the available
strains of plasmodia before a firal conclision can be drawn.

As a blood schizonticide, neither proguanil nor pyrimethamine is as rapidly
active as the g-aminoquinolines. Besides their comparatively slower action,
reporis have also appeared from various guarters, particularly in India, indicating
that occassionaily some cases, particularly of P. faleiparum, do not respond to the
treatment { Jaswnt Singh e al., 1952, Chakravarty and Chandhuri, 1g53; Srivastava
et al., 1953). Consequenty, their ficld for therapeutic use becomes narrow.
Although satisfactory reports on mepacrine have been presented by many workers,
even as a single dose {Chaudhuri, 1954}, it is well known that compared to the
¢-aminoquinolines, its speed of action is somewhat slower, and that it is likely to
produce untoward side symploms like toxic psychosis, even though in a very small
percentage of cases. In repeated doses quinine acts almost as [ast as mepacrine.

Thus the choice of antimalarials for treatment of acute attacks of malaria
naturally falls on the 4-aminoquinolines administered orally as a single dose
of 06 gm. {adult) ip partially immune population, if the condition is not too
serious. Under emergency conditions and in cases where the patient is unconscious
or il there is incessant nausea and vomiting, parenteral administration of chioro-
quine or quinine hydrochloride or dibydrochloride would obviously be called for.

{2713
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Thus in the discovery of compounds like the 4-aminoguinolines a stage
has now reached that perhaps further dzvelopment of a more potent and rapadly
effective remedy for clinical cure may not be necessary in view of rapid reduction
of the incidence of malaria on account of large scale control measures.

Prima fucie it would appcar that the main problem in the treatment of
malaria has practically been solved. But on deecper consideration, it becomes
evident that there are still many lacune in our knowledge of the subject.  For
example, it is not clear why certain drugs like quinine, mepacrine and the
j4-aminoquinolines which are such powerful blood schizonticides, yet have no
effect on the sporozoites or the tissue forms {primary or secondary) of the plasmodia,
Again drugs of the 8-aminoquinolines which are tissue schizonticides, particularly
¢flective against the secondary exoerythrocytic forms, have poor action against
the asexual erythrocytic forms, specially in respect of P. falciparum. Similarly,
explanations may have to be soughl as to why drugs like proguanil, pyrimethamine
or 8-aminoquinolines are effective against the pre-erythrocytic forms of P. felciparum
but not against those of P. vivax, and totally ineffective against the sporozottes of all
plasmodia. Further, it is also common cxperience that some sirain of a plasmodium
15 highly susceptible to a partlculal drug while others are comparatively refractory
and need much larger doses. It is also not clearly known as to why should plasmodia
develop resistance to certain particular groups of compounds like proguanil or
pyrimethamine, and not against drugs like quinine, mepacrine or the
4-aminoguinolines.

Factors like the phases of plasmodium life cycle; somewhat different pattern
tn the fife eycle of P. vivax and P. malarie as against P. falciparum in the human host;
the metabolic processes of plasmodia in the tissues like the liver and also in the
blood; the chemical constitution of antimalarials and their effect on plasmodium
metabolism; metabolites of antimalarials; pharmacological considerations like
break-down products; absorption and distribution of the drug in the tissues of the
host thereby alding its penetraton; and many other problems of similar nature
have to be carefully considered,

As to the life cycle of malaria parasites, most of the lacunz in oul knowiedge
have been filled since the discovery of the tissue phase. Although, it is the general
opinon that secondary exo-erythrocytic forms develop in P, wwax and P. malarie,
there is reason to believe that such forms are absent in P. falciparum. As to why
such stages are not developed in the last named plasmodium, raises a fundamental
issue. Obviously the behaviouristic pattern of this parasite in the liver is different.
Further, it is well known that certain antimalarial drugs like proguanil, pyri-
methamine and the 8-aminoguinolines are effective against the primary tissue
phase of this plasmodium but not against the others, Since the rate of absorption,
distribution, and tissuc concentration of the same drug could not be fundamentally
different in the same host, it is difficult to understand as to why there should be
such a marked difference in the reaclion of plasmodia to these compounds.
Naturally, therefore, this leads one to speculate that perhaps the metabolic processes
of the pre-erythrocytc forms of P. falciparum are different from those in respect of
P, vivaxr and P. malarie. Again it would appear that perhaps similar differences
exist in the metabolic processes in the same plasmodium, like P. vivax at the primary
and sccondary exoerythrocytic forms, because 8-aminoquinolines, though active



Jaswant Simgh. 273

against the latter, are ineffective agamst the former even though some workers have
demonsirated prolongation of the prepatent period (James, Nicol and Shute, 1931).
According to Huff and Coulston (1944) cytologically there is a great deal of
similarity between sporozoites and the pre-erythrocytic forms which are considered
10 be an extension of the sporogony phase of the plasmodium, yet drugs which
are cffective against the tissue phase are totally ineffective against the sporozoites,
in spite of the somewhat similar cytological character. Since it 1s believed that
antimalarials act by interfering with the enzyme system, there is reason to belicve
that the metabolism of the two stages, sporozoites and pre-erythrocytic forms are
different. This variation perhaps depends on the particular environment where
they are usually lodged like the salivary glands or the liver.

There is also the possibility of differences in the metabolic processes of tissue
{orms and erythrocytic forms; firstly, because powerful blood schizonticidal drugs
like quinine, g4-aminoquinolines, etc.. arc ineffective against the tissue forms of
the same plasmodium and secondly powerful tissue schizonticidal drugs, like
8-aminoquinolines, are poor blood schizonticides. Again it may be noted that
most of the existing antimalarials, which are powerful blood schizonticides, are
poor gametocytociclal drugs. On the other hand, 8-aminoquinolines which have
powerful gametocytocidal action {also tissue schizonticides), are poor blood
schizonticides. Could there he differences in the metabolic processes even in the
scxual and asexual forms of the same plasmodium? Also, could the metabolic
pattern of gametocides and tissue forms of the same plasmodium have some degree
of similarity ?

As to the metabolic processes of malaria parasites and drag action, the present
day knowledge is iimitecﬁ Although quinine has been known for centuries to
have specific action against malaria paragitc, it is surprising to note that as yet so
little is known as to how it acts. This is true for other antimalarials as well.  The
carliest workers like Christophers and Fulton (1938) demonstrated that quinine,
mepacone and pamaquin inhibit the oxygen consumption by the parasites,
Mepacrine has been shown to interfere with the respiration of malaria parasites
but quinine much less so. Silverman #f al. (1944) believe that quinine affects the
carbohydrate metabolism in P. gallinaceum by inhibition of the oxidation of pyruvate.
Proguanil is supposed to act by interference with the poryphyrin metabolism of the
parasite as suggested by Curd and Rose {1946}, while the other view was that the
activity of proguanil and pyrimethamine was due to antagonism with pteroglutamic
acid, Marshall ¢ al. (1942) reported that P. aminobenzoic acid {PABA) inhibits
the action of sulphanilamude against P. lophure. This has been found also true
for exo-erythrocytic forms of P. gallinacewm in tissue culture (Tonkin, 1946).
According to Hellerman et al. {1946), atabrin and quinoline bases are enzyme
inhibitors. These are likely to combine with certain acidic groups of the enzymes.
if such groups combine with co-cnzymes, a competition is set up between co-enzyme
and the inhibitor. Work and Work {1948) believe that this inhibition may not
be specific to one enzyme or class of enzymes.  According to them “ the danger of
misinterpreting the action of an inhibitor, as a result of testing on an insufficient
number of enzymes, is well illustrated in the case of the antimalanal drugs ™.
Findlay (1g51) observes that quinine, mepacrine and pamaquin might interfere
with a number of reactions essential for the metabolism of malaria parasites.
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According to him, * there is still uncertainty as to how far any such inhibition is
vesponsible for antimalarial action . Tn the same way, there Is hardly any
indication as to the mode of action of proguanil.

As to the correlation between chemical constitution and antimalarial drug,
Magidson et al. (as quoted by Findlay, 1951) suggested that different parts of the
molecule of a drug, like mepacrine, have different functions and that basic side-
chain is primarily of pharmacological importance, controlling absorption and
distribution of the drug in the host and aiding its penctration into the parasite, while
the substituted acridine or quinoline nucleus is responsible for the plasmodicidal
action. But by experience, and from studies on newer antimalarial drugs, it has
been observed that it is difficult to cstablish such correlation. Findlay (1g51)
observes that *“ to attempt to correlate chemical constitution and antimalarial
action has so far proved an impossible task ™.

It is also not clearly understood whether a compound exerts is action
shrough the parent or its metabolites. It is known that quinine is degraded in
the systemn to a 2-hydroxy derivatives. But this has been found to hc inferior to
quinine {Marshall and Rogers, 1948). Spectrographic study of mepacrine does
not indicate acridines as the possible metabolic products,  During their studies on
pamaqnin, Joscphson, Taylor et al. {1g51) had observed that concentrates obtained
from blood, tissues and droppings of the chickens treated with pamaquin, possessed
antimalarial activity in zifre equivalent to 16 times that of the parent compound.
This activity could not be accounted for on the basis of pamaquin present in these
concentrates. But subsequent in zive studies on one of the metabolites isolated by
{ Joscphson, Greenbergh ¢ al., 1951) did not show any antimalarial activity
“Schmidt, 1951). Elderfield and Smith {1953} were also unable to establish any
definite metabolite of pentaquin,  Similarly ultraviolet irradiation of 4-amino-
7-chloroquine derivatives and study of their breakdown products, did not reveal
any new product (Price ef al., 1948).

Hawking and Perry (1948} suggested that proguanil itsef is not active but
it is converted to an active metabolite. Carrington &f al, {1951} and Crowther
and Levi (1g53) were able to isolate an active metabolite of proguanil as well as
an inactive compound originally isolated by Crounse (1951). The active metabolite
is a dihydro triziane derivative but according to Schmidt ef al. {1952}, the parent
compound was found 1o be two to four times more active than the metabolite,
Subsequently, however, a large number of triazine compounds have been
synthesized and some of them have shown high degree of activity against
P. gallinaceum in chicks,

In view of the points raised above i1 is apparent that the existing knowledge
an the problem of chemotherapy in malaria is still limited. At the moment our
primary objective is to develop a suitable compound which in non-toxic doses is
highly and equally effective against all the phases of the plasmodial fife cycle, or
at least against the asexual erythrocytic and tissue forms. In other words, ii shouid
be a powerful blood schizonticide as well as tisswe schizonticide, If this proves
cHective against the gametocytes and sporozoites as well, it would be an added
advantage. This is particularly nccessary in case of P. vivax infection for though
it is quite easy to effect a clinical cure with the usual antimalarials, its radical cure
continues to be a baffling problem. No doubt some of the newer 8-aminoquinolines
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i small number of cases.

In order o achieve this objective, it would be essential to understand clearly
the metabolic processes of plasmodia at all the phases, particularly the tissue and
blood forms. Once the basic requirements of the plasmodia are well understood,
it should not be an insurmountable task 10 find a suitable drug which would be
antagonistic 10 one or more nutsients essential for the parasitic growth, There is,
therefore, an urgent need for intensive studies on these problems which will require
the resources and skill of a team of expert hiologists, biochemists, and chemists

alike, and not the wishful enthusiasm of a single individual.
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possess curative action but there are always the toxic hazards encountered, though
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INTRODUCTION.

THE great expansion in malaria control activities which has taken place
within the past ten years with the development of D.D.T. and related residual
insecticides has created many new problems and increased the importance of many
old ones. In addition to perplexing probiems related to the developraent of
effective and adequate malaria control organizations, is the problem of resistance
to residual insecticides by anopheline vectors.

The extent to which these issues can be resolved naturally varies with the
existing situation in each country, inchuding financial resources, the availability
of suitably trained professional personnel, ways of thinking, and competing
exigencies. In this connection, the author is reminded of his experience of 25
years ago in a State-wide programme of malaria control in one of the States of the
United States of America, in which the situation can bt summed up by the
following bare facts: Area served—s8,000 square miles. Population served—
three million. Number of malaria cases—50,000 to 100,000. Number of profes-
sional personnel assigned to malaria control—one, Paradoxically, it was not
unti} malaria had largely ceased to be an Important socio-economic burden that
funds became available for the development of adequate malaria control
organizations in this and other malarious States of the United States.

Under such circumstances, it was futile to propose new plans for the
existing malaria control “ organization > o carry out, which invariably required
additional trained personnel. Today, throughout the world, malaria control
programmes fortunately are staffed somewhat more adequately, but major shortages
of key personnel are still all too common. Such shortages understandably impede
the adoption of “ ideal  plans based on theoretical concepts, some of which may
be involved in this article.

*Formerly Professor ol Sanitary Scicnce, Clolumbia University School of Public Health,

(977)
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ANOPHELES RESISTANCE.

In considering any matter ol insect resistance, two governing natural laws
should be recalled to mind.  One is that the development of resistance is a product
of selection pressure, its duration, and the genetic capacity of the species to develop
resistance. The other is that, barring cradication, any species inevitably will
develop resistance of one type or another, provided the degree and duration of
sclection pressure in combination are sufficient to threaten species survival.

When one surveys the results of ten years of global application of the chlorinated
residual insccticides for agricultural, public health, and pest control purposes, the
comparative lack of confirmed resistance development in the ficld among the
anophelines is little short of amazing. This is especially true of many of the more
anthropophilic anopheline species which, in some areas, have been bombarded for
cight vears or longer in specific localities with D.D.T. residual house spray.
Malaria has been eradicated in extensive subnational areas where the biotic potential
of the diseasc was high, with and without vector eradication, and has been
controlied in other far more extensive arcas ol high biotic potential. Malaria
eradication also has been realized in other extensive arcas where the disease was
not 5o firmly intrenched. In a few special cases where the vector had not achieved
a status of long, indigenous adaptation, species eradication was even achieved as
a partly unexpected dividend from malaria control operations. Yet, so far, only
four of about 5o significant anopheline vector species are considered to have
acquired physiologic resistance in local or more extensive areas. These are
Anopheles sundaicus in Indonesta; A. maculipennis, A. sacharovi and A. superpicius in
Greece; and A. sacharori again in Lebanon {(Pampana, 1954; Garrett-Jones, 1954;
and Crandall, 1954:1955). Wirh the exception of Lebanon, physiologic resistance
development has occurred in the presence of adulticidal treatments cum larviciding,
although these selection pressurcs were not necessarily applied continuously and
concurrently. Even in Lebanon, the possibility of larval exposure incidental to
agricultural insecticiding cannot be ruled out. Earlier reports of resistance in
Anopheles quadrimaculatus in the T.V.A. area of the United States of America have
not been substantiated (Hawkins and Hall, 1954). The species is under larvicidal
ireatment in this area, but such treatment is restricted to federally-owned properties
hordered by private lands.

Behaviouristic resistance as a developmental factor cannot he as readily
zvaluated, nor, as pointed out by others, is it necessarily adverse to man’s interest.
This term is intended to apply both to arophelines which do not normally enter or
rest in buildings capable of being sprayed, and to those possessing hyper-irritability
to D.D.T. or other chlorinated hydrocarbons. It is at times diflicult to determine
whether observed behaviouristic resistance was a pre-cxisting characteristic of
the dominant population group, of an important biotype fraction which has not
increased in prevalence, or whether the resistant biotype has become more prevalent
as a result of the selection process. An c¢xample of behaviouristic vesistance which
has impeded malaria control is provided by 4. sergenti and A. superpictus in the
Jordan Valley (Farid, 1954). One which has not prevented malaria control is
that of 4. albimanus in Panama (Trapido, 1952:1954).
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Compared with the house fly, this relatively favourable state of affairs
reflects the lower genetic capacity of ihe genus Anopheles to develop resistance,
supplemented in some cases by fewer generations per year. The exposure of a
smaller fraction of the species populaiion to insecticides is an added possibility.
‘The latter {actor highlights thce well-established principle that residual house spray
in malaria control Is a highly scleciive tool which is intended to intercept only
that fraction of the species popuolation which is nfective to man,

Yet, the importance of anophcline resistance should not be minimized. It
is alrcady a problem of major importance in some of the countries or local areas in
which it has appeared {especially in Greece), and more instances of serious resistance
are almost certain to occur. Slight resistance may exist at present in many places
where it is pot recognized. Because the potential significance of Anopheles
resistance outweighs its present status, the primary issue is stll prevention of
spread of anopheline resistance, rather than contending with existng resistance
problems.

Efforts which arc being made, or might be made, to solve the resistance
problem may be divided into two categories: {1) Laboratory studies, and (2} Field
operations,

LABORATORY STUDIES.

These consist of: {1) Basic physiologic, biochemical, and genetic studies on
the mechanism of resistance in arthropods, particularly anophelines, and the genetic
processes by which physiologic and behaviouristic resistances are developed, and
{2} the development of new insecticides, formulations, and techniques of applica-
tion. The apparent purpose of the basic studies is to permit making more intelli-
gent searches for pew insecticides and synergists, but the theoretical implications
of such research extend further,

In combination, the present main hopes of such studies arc in the following
dircctions, with the proviso that any insccticide which satisfies one or more of these
objectives must also be refatively safe to man in application and in use, and must
be economical in cost:

4. Development of an even more effective residual insecticide which will
facilitate eradication of the anthropophilic biotypes of indigenous anopheline species,
preferably solely by the routine apphication of residual house spray techniques. This
is based on the hypothesis that the cradication of indigenous vectorial species of
{ong standing is generally infeasible due to the existence of highly zoophilic biotypes,
but that biotype cradication is feasible where species cradication is not
Fortunately, the more anthropephilic biotypes tend tw be endophilic, but this is
not always the case. According to Holstein (1954), the paucidentate race of
A. gambie, which has marked anthropophilic tendencies, with human precipitin
test results of 70 to go per cent, tends 10 be exophilic in resting place with respect
to human dwelling places, while the multidentate zoophilic race tends to be
endophific.  This hypothesis, accordingly, may not apply in exceptional cases.

B. The devclopment of new insecticides with differing periods of residual
sfectiveness, but which in other respects would have substantially equal merits.
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By selecting for each area an insecticide having an effective residual life equal to,
but no greater than, the length of the seasonal period of disease transmission,
selection pressure during the remainder of the year could be avoided. Such
insecticides should have high eflectiveness with an abrupt termination point.  The
merits of this objective are sharply limited by the facts that (1) a high proportion
of the number of annual generations of vectorial species in the more malarious areas
occurs within the malaria transmission scason, (2) variation in fength of effective
life can be achieved with existing insecticides to a considerable extent by choosing
berween available insecticides and by selection of dosage rate, and (g) it is not
operationally feasible for residual spray crews to apply insecticide to all houses at
the optimum moment—several months raay be required for a spray crew to cover
s territory with a single application.

C. The discovery and development of new insecticides, formulations, and
rechniques of application by both haphazard and systematic methods. The
development of very high resistances and cross-resistances to many of the newer
insecticides by arthropods of agricultural or public health importance has
generated what appears to be a perpetual race between man and insect in insecticide
development. Although centered mainly on agricultural inscct problems, the control
of the house fly and various culicine mosquito species also provides important
motivation in the quest for new insecticides. In a mosquito abatement district
in the State of California in the United States, for example, the entire fist of
chlorinated hydrocarbon insecticides was thrown into the discard three years ago,
due to mounting resistance by Culex tarsalis and Ades nigromaculis {Geib, 1955).
Since then, a number of organic phosphorus compounds have been resorted to on
this larviciding programme.

Such further new developmental work possesses somewhat less direct signi-
ficance in malaria control, in view of the slow rate of resistance development by
anophelines to residual adulticidal treatments, the apparent absence of total
spectrum cross-resistance in them, and the present availabifity of one or more
acceptable alternative residual insecticides in the chlorinated hydrocarbon group.
But there is always the possibility that a new insecticide may evolve which is more
cffective or more cconomical, and yet safe for extensive indoor application.

FIELD OPERATIONS.

The loregoing laboratory studies have significant potential value in malaria
control ard eradication, and should be pursued. But itis of great importance that
the management of malaria control operations in the interest of avoiding resistance
not be neglected in any particular. In a large scale programme even minor
operational changes may be difficult or slow to execute, and may temporarily
impede operational efficiency and the accomplishment of other urgent objectives,
Programme decentralization, although desirable in many respects, may complicate
the acceptance and adoption of such changes, The achievement of effective malaria
control under adverse operational conditions often is an exacting and difficult task
at best. In spite of such obstacles, consideration of the resistance problem in
programme planning and execution is essential.
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Differences undoubtedly exist in the genedce capacities of different Anopheles
speeies to develop reststance, and in the aciual resistance of different species,
biotypes and even individuals, However, the main variables within this genus in
the selection pressure—duration-—genetic capacity—-equation are considered o
be selection pressure and its duration. Certainly this is the case when the house
iy is used as a planc of reference,  Were it not so early, extremely high resistance
would have appeared many vears ago in those of the more anthropophilic species
which also had genede potentialities maierially higher than the mean level ior the
grius,

While the degree of selection pressure exerted is very importantly affected
by behaviour of the adult anopheline, it is otherwise a controllable variable.
Duration of pressure is totally controllable aside from the inberent characteristics
of the insccticide employed. Even these characteristics can be modified by varying
application rates and practices.

The present main trend of thought in certain malartological circles is to
achieve the eradicanion of malaria as rapidly as possibie, and in as large arcas as
passible, in order to permit the interrupiion or termination of residual house
spraying. Avoidance of resistance 1 only one element in the total motivation and
justification for this concept, but it 15 a carcfilly considered factor,

It may be postulated that the optimal condition favouring Anropheles resistance
development which would be encountered in the field is that of moderately high
sclection pressure apphed perpetually,  The degree of pressure would be as high
as possible without eradicating the biotype, specics, or parasite. In theory,
departure in either direction from this optimal selection pressure should reduce
the rate of resistance development or totally avoid it.

ft s generally considered that even very low sclection pressures continued
long enough will result in some degree of resistance development. No doubt this
is true of isolated populations, but it s unlikely to have significance in the case of
many of the more zoophilic anopheline vectors due to dilution by unexposed
populations.  Anepheles albtmanuy is a casc in point,  This species enters houses at
dusk or afier dark, dispersing within the night or at dawn to concealed outdoor
daytime resting places.  Precipitin tests for human blood in this species are
commonly below five per cent. Assuming the figure of five per cent to roughly
represent the percentage of the popuiation which hecomes exposed to D.D.T,
residual spray within houses in obtaining a single blood meal, that the percentage
of survivors from this exposure is not over 20 per cent {or onc per cent of the total
population}, and that this one per cent is then diluted g5-fold by zoophilic feeders
in the perpetuation of the local species population, it is apparent that the degree
of selection pressure would be negligible,  While ¢his example is deliberately
oversimplified, it illustrates the principle of poputation dilution in combination
with low selection pressire on the local species population.

However, avoidance ol Anrepheles vesistance 1s not an end unto iesell, nor is
it an overruling consideration in most areas at the present time,  For this reason,
overall objectives arc best served by increasing the intensity of selection pressure
as a calculated risk in order to achicve more rapid malaria eradication and to
terminate residual spraying.
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Malaria control and malaria eradication have much in common, but differ
in important particulars from a programme design standpoint. Both concepts
demand in principle a high order of operational competency in the malaria control
organization in the interests of economy and achievement of objective.  Nation-wide
malaria control and eradication programmes are large, complex enterprises which,
in order to be ideal, require the skills of the three basic professional interesis—
medical, engineering, and entomological--and the utmost in teamwork,

The inherent competency and aptitude of the engineer is in the management
of Jabour forces and of logistical functions ~responsibility for residual spray erew
operations, and for the supply pipeline. That of the entomologist is basically in
observation of the anopheline vector and in programme guidance based on these
uhservations, but is not necessarily limited to these functions. That of the medical
profession is basically the epidemiological observation of the disease in man and,
iraditionally in many areas, over-all command of programine.

Globally, programmes for malaria centrol per se may be considered as having
conformed to two main.patierns. The more common programme has followed the
coneept of prompt, effective suppression in project areas where operations were
carried on, The other pattern, dictated by limitations of supplies and equipment
in relation to magnitude of problem, has been aimed at controlling the greatest
number of cases of malaria with available resources. By use of relatively high
D.D.T. dosage rates, coupled with an optimal frequency of application, malana
\ransmission in the first pattern might, for example, be reduced 8o per cent in the
first year. In the second pattern, the same quantity of D.D.T. might be spread
gver twice as many houses with the expectation of reducing malaria transmission
by only 60 per cent, but among twice as many people.  Although the objective of
the second pattern is praiscworthy, and was no doubt fully justified a number of
vears before the threat of resistance became apparent, careful re-examination is
warranted i such programmes still exist.

As with species eradication, malaria eradication is directly dependent upon
eliminating the last surviving reproduction source, in this case the gametocyte
carrier, from each “‘usefu] unit ™ area. This is the major point of difference
hetween malaria control and malaria eradication. In consequence, malaria
cradication, in principle, demands a higher order of programme cfectiveness, as
previously mentioncd. 1t also demands the regrouping and extension of project
arcas along differcnt lines than with malaria control programmes. Generally,
malaria control and malaria eradication operations should be initiated in areas
of highest malaria endemicity. With malaria control, this would be in conformance
with the principle of controlling the greastest number of cases at the lowest cost;
with malaria eradication, it would be to lower malaria rates 1o parity with
adjoining less malarious areas. Having achieved this parity, however, the
project area in a malaria eradication programme should be expanded as rapidly
as possible toward inclusion of the total malarious territory comprising the trading
area. Since such territories generally conform to transportation routes, they are
likely to be irregular in shape, Expansion into areas of low endemicity within
such a territory would have priority over initiating work in a new, more malarious,
but remote area.
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The absolute preveniion of reitroduction of malaria into a clean area is,
of course, not to be expected until national, regional, or even hemispheric and
global eradication has been achieved in ail areas from which travellers may
originate. The goal is rather o reduce the {frequency of reintroduction to such a
low level that the prospects of restoring large scale malaria transmission and the
burden of malaria surveillance are minimized.

In the interest of reducing the hazard of resistance devclopment, as well as
economy of effort, many short cuts in finally terminating residual spraying in an
area may be postulated. Certainly, continuation of fullscale spraying in a
district of, say, a million people, until several years after the termination of
malaria transmission in the last remote villagy, 1s absurd. How far and how rapidly
a programme can proceed in curtailing spray operations, or in substituting sclective
chemotherapeutic measures in the mopping-up stage, is directly contingent on the
adequacy of malariclogic services, There s almost certain to be an acute shortage
in the quantity of such service which might ideally be desired in every country
where malaria is a primary public health problem. Thus, rather than creating a
problem of technological unemployment among malariologists, D.D.T. potentiaily
has created a far greater need than ever before existed,

In the interest of avoiding resistance, there are certain other measures which
warrant serious consideration before the tapering off perioch; two of them, in fact,
ideally should be carried on not only continuously throughout the programme, but
should antedate residual house spraying,

The first measure is the determination of prevailing resistance basclines for
gach vector species at judiciously selected observation posts and recurrent testing
of the resistance level, At least two published oljective tests have been developed
for this purpose (Expert Committee on Malaria, World Health Organization,
1954, and Fay et al., 1953). Such testing is underway, but should be far more
extensive. When resistance is delected on operating projects by less sensitive
methods, it is often too late. Diagnesis is never a substitute for cure, but is an
essential prerequisite.

The second measure is the carclul restriction of use of chlorinated hydrocarbon
insecticides for anopheline larviciding. The circumstances under which the World
Health Organization Expert Committee on Malaria has indicated such larviciding
should be practised, do not preclude the development of resistance, but do tend to
limit its occurtence to restricted geographical areas,

Instances in which larviciding for malaria control should be the method of
choice over residual house spraying on economic grounds consist mainly of urban
areas or small breeding surfaces in isolated communities such as oases.  Larviciding
on biological grounds also has becn advocated for the control of important
exophilic vectors, as is repored {o be the case with A. superpictus and A. sergeati
in the Jordan Valley (Farid, 1954}, Justification for larviciding cum residual house
spraying would be more often cncountered in suburban areas where the joint
control of anophelines and certain other mosquito species are involved, but also
can be visualized in exceptional situations where malaria is primarily transmitied
by an cndophilic species and, secondarily, by an exophilic species. 1In the latter
case, differences in breeding habitat and adult behaviour might resuft in the
selective exposure of each specics.
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The importance of avoiding use of the same chlorinated hydrocarbon
insecticide against the immature and adult stages of the same anopheline species
at the same time and place has been stressed by others.  Under such circumstances,
use of two chlorinated hydrocarbon insecticides which are not closely related has
heen suggested. However, the extremely high resistances (up to 1300 fold)
'Geib, 1955) to a variety of chlorinated hydrocarbon insecticides which have
developed in the United States of America among species as Culex quinquefascialus,
€. tarsalis, Aedes taeniorhynchus, A. sollicitans, and A. nigromaculis, where larvicides are
intensively and extensively employed, provides striking evidence of the extremely
high degree of selection pressure exerted by this method of comtrol.  With this
in mind, onec might say that as long as the patient took cyanide (i.c., larviciding)
it marters little whether he also took some other relatively innocuous poison
‘i.¢. adulticiding) at the same time. It also poses the question whether the intensive
use of chlorinated hydrocarbon larvicides on an extensive scale is ever warranted
for malaria control, even with cxophilic veciors. Except where a high degree of
sexual isolation exists, it may be postulated that resistance developing in a localized
area will be rapidly dissipated by dilution upon interruption of selection pressure,
hut such development over a large arca gives cause for much concern.

The third measure is to pay attention to control of cause as well as control
of effecc. Malaria eradication is one method of control of cause. Another is the
climination of anopheline breeding places and prevention of the establishment of
new breeding places by man. The need for keeping in mind the more traditional
methods of malaria control and of avoiding cxcessive preoccupation with the
newer forms of insecticidal work has been pointed out by others {World Health
Organization Expert Committce on Malaria, 1954). Yet, it is generally
acknowledged that many of these measures are not susceptible of either near-term
adoption or of widespread adoption over the vast rural arcas of the world which
form the stronghold of malaria.

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

On the other hand, corrective practices in new undertakings which in them-
sclves yield direct economic hencfit {e.g., water conservation in certain irrigation
projects), or can be performed at nominal cost incidental te construction (e.g.,
connecting shallow hillside borrowpits), are the most economical of all malaria
control practices. The important consideration which has been given to these
problems by some malariologists in India is noteworthy.

The fourth measure is further experimentation with each vector species in
the field with respect to dosage rate and frequency of application of residual house
sprays. Early field trials of this nature were made in a number of areas in the
1940s. However, they were focused on the interruption of malaria transmission
as the main eriterion rather than in combination with evaluating selection pressure.
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In countries where they are not already underway, the carrying out  of
further limited experimental studies in conjunction with local operating projects
might well be undertaken in order to jointly evaluate malaria reduction and
resistance development. Would it not be desirable to deliberately attempt to
induce resistance in each important vector in the smallest feasible area, in order to
establish a safety factor for general programme operations or to disprove the
possibility of resistance development in a particular species under the conditions of
such a programme? The length of time needed to carry this through might,
of course, be an important weakness.

Would it not be desirable similarly to carry on other limited experimental
studies in conjunction with local operating projects which would employ different
dosage rates and frequencies of treatment than those conventionally used?
Intensification of selection pressure on the general programme in lien of its reduction
might well be in order if the margin ol safety is ample and malaria e¢radication
could be expedited by so doing. On the other hand, present pressures in some
cases may be greater than necessary to obtain a prevailing, satisfactory interruption
of malaria transmission, with lessening of pressure indicated. These variables are
also interrelated with those of vector species or biotype, cultural practices, housing,
quality of D.D.T. wettable powder, and quality of labour force and supervision.
In consequence, such experiments must be standardized as much as possible and
carefully evaluated. No doubt, experiments along these general lines are being
undertaken in some areas, but are they being undertaken even to the minimum
extent necessary in all indicated countries?

SUMMARY.

The problean and possible solution of Amopheles resistance threats are
considered from the standpoints of laboratorv research and field operations.
The development of resistance is a product of selection pressure, its duration, and
ithe genetic capacity of the species to develop resistance. Any species inevitably
will develop resistance of one type or another, provided the degree and duration
of selection pressure in combination arc sufficient to threaten species survival,
The slowness of anophelines to develop resisiance to insecticides is commented on.

Three end purposes of laboratory studies concerned with Anopheles resistance
are described.  Adjustment of operating practices in the field is advocated in the
interest of avoiding resistance problems. Principles underlying the variation of
selection pressure and duration of pressure in field practices and programme design
are discussed. Brief mention is made of the role of certain traditional methods of
malaria control and of the malaria control organization.
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SPOROGONY CYCLE OF MALARIA PARASITES IN RESIST.
ANT AND NON-RESISTANT STRAINS OF MOSQUITOES
AFTER LEXPOSURE TO D.D.T.

BY
BADRI NATH MGHAN.

{Insecticide and Mosquite Repellent Enquiry, Indian Council of Aedical Research,
Malaria Institute of India.)

{September 19, 163G
INTRODUCGTION.

IN 2 previous communication it was reported that in 4. fuvalilis and
A, stephenst (type) a sublethal contact with D.D.T. did not inhibit the development
of eggs whether the females were exposed 1o the insecticide before or after blood
feed or as half gravids (Mohan, 1955}, There was close correlation between
fertilization and maturation of ovaries irrespective of the exposure to D.D.T.
Fertilized females of both the species showed a significantly higher percentage
of mature ovaries than the unfertilized females, [t was also observed that exposure
to D.D.T. affected a faix number of gravid 4. fluviatilis and A. stephensi in that the
eggs were laid at random although suitable water for oviposition was available.
'The present siudies were undertaken to find out the effect, il any, of lethal
and sublethal contact with D.D.T. on malaria parasites in resistant and non-
resistant strains of mosquitoes, respectively, The effect on P. gallinaceum of D.D.T.
orally fed to infected fowls as measured by sporozoite infection in Edes egyptr
was also ipvestigated.

MATERTALS.

The host and parasite species used were a D.D.T,-resistant and a non-resistant
strain of C. fatigans for P. relictum in local sparrows, a D.D.T.-resistant and a
non-resistant strain of A, fluviefiis for human malaria and only a non-resistant
strain of Fdes agypti for P. gallinacenm in domestic fowls. Al these strains of
mosquitoes were furnished by the laboratory colonies,

{257 )
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1D.D.T .-resistant strains of C, fatigans and A. fluviatilis.—While a fuller account
af the development of the vesistant strains of C. fatigans and A. fluviatilis will be
published in due course, a few relevant details concerning each species are given
below.

C. fatigans.—Both the resistant and non-resistant strains of C. fatigans
ariginated from the same single raft of eggs laid by a wild-caught female. Signs
of resistance® 1o D.D.T. first became apparent in the fourteenth generation as a
result of the exposure of the adults, males and females, to sublethal doses of D.D.T.
at each successive generation. In the subsequent generations, there was some
progressive increase in resistance which had reached a high level at the time of
conducting the experiments with mosquitoes of the forty-third and forty-fourth
generations. A brief resume of some of the salient points about D.I.T.-resistant
(.. fatigans may be relevant at this juncture.

While the non-resistant strain of C. fatigans evidenced 100 per cent mortality
on being exposed to 200 mg. of D.D.T. per sq. ft. for one hour, the resistant strain
showed little or no mortality on being subjected to similar treatment under
identical conditions, Adults of the latter strain were resistant not only to
mortality but also to the paralysing effect of D.D.T. The resistant strain showed
striking variations in its resistance to D.D.T. With the dosage remaining the
same, some individuals in a given batch of females of the same generation, died after
six hours of exposurc, others after 12 hours, while still a few others required even
move than 18 bours of exposure to die.

A. fluviatilis.—Similar efforts were made to raise a D.D.T.-resistant strain
of A. flurtatilis. Feeble resistancet was first evidenced in the twenty-ninth genera-
tion, There was slight increase in the subsequent generations but the level of
resistance still remained low in mosquitoes of the forty-seventh generation which
were used in the experiments. In this susceptible species, resistance was very late
in appearance and equally very slow in building up.

DEVELOPMENT OF SPOROGONY CYCLE OF P. RELICTUM IN
RESISTANT AND NON-RESISTANT STRAINS OF C. FATIGANS
AFTER EXPOSURE TO D.D.T.

In all, four experiments were carried out. Resistant C. fatigans used in ihe
tirst experiment were of the forty-third generation and in the subsequent three
experiments of the forty-fourth generation.

Experiment 1.—Females of the resistant strain of C. faligans and ol the
non-resistant strain were kept in separate cages and given an opportunily to feed
on ihe same gametocyte-carrying sparrow, the latter during the first half of the
night and the former during the second half, Mosquitoes of each strain which
had hecome fully engorged were, in part, given two separate exposures to 200 mg.
of D.D.T. per sq. ft. for 40 minutes. The first exposure was given within 12 hours
and the second on the third day of the infecting blood meal. In other words,

¥ Indian Gouncil of Medical Research Technical Report of the Scientific Advisory Board for the year
1952, New Delhi, p. 12,

t Fndian Council of Medical Research Technical Report of the Scientific Advisory Board for the year
1834, New Delhi, p. 7.
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the effect of these exposures was timed to coincide with the carly stages of develop-
ment of the parasite in the mosquito host.  Some blood-fed females of each strain
which were not exposed to TL.D.T. were kept for comparison. There were thus
four groups of mosquitoes, two of the resistant and two of the non-resistant strain,
each including exposed and unexposed {comparison) insects, They were kept in
separate cages under identical conditions and f{ed on ten per cent glucose solution
until dissection. Mortality resulting from two separate exposures to D.D.T, was
practically nil among the resistant mosquitoes whereas it was heavy in the non-
resistant strain. In spite of a much higher proportion of the latter exposed to
ND.T, only a few were left alive for dissection. All the groups of mosquitoes
were dissected on the same day particularly for the determination of sporozoite
infection of the salivary glands after the normal incubation period.

Experiment 2.—Fach group of the resistant and non-resistani strain was given
four exposures, the first immediately after infecting blood meal during the night
and the subsequent three on alternate days. The dosage of D.D.T. was 200 mg.
per sq. & in all the cases and the period of contact was 40 minutes for each strain
in the first exposure but in the subsequent exposures it was increased to one hour
in the case of the resistant strain and decreased to 20 minutes in the non-resistant
strain so as to get a fair number of the mosquitoes for dissection after the
incubation period of the parasite in the mosquito,

Experiment 3.—Resistant females which had led ona naturally infected sparrow
were exposed to D.D.T. as above for one hour once daily for the first four days.
Some mosquitocs of the same stock which had fed on the same sparrow were not
exposed to D.IDVT. but kept for comparison.

Experiment 4.—In this experiment 300 resistant C. fatigans femalcs were first
exposed to 200 mg. of D.D.T. per sq. ft. for as long as six hours and then, on
release, immediately given an opportunity to feed on an infected sparrow, during
the night, The following morning 24 were ‘up’ including 14 fully engorged
females. All thesc engorged specimens remained alive until dissection,

Data concerning the foregoing experiments are set out separately in
Table L. -

The rosuits of comparative infections indicate that mere acquisition of
resistance in €. faligans was not accompanied by any concomitant change in i3
susceptibility to infection with P. refictum. Both the resistant and non-resistant
strains were about equally infected up to the sporozoite stage.

The effect of exposure to D.ILT, if any, on the devclopment of sporogony
cycle was not refliected in resistant or in non-resistant strains of C. fafigans as
measured by the results of comparative inlections,  Sporegony cycle was completed
in a normal manner in resistant C. fatigans in which the mechanism responsible
for aborting or counteracting the lethal action of the toxicant was activated by one
sublethal and three lethal exposures to D.D.T. on alternate days which covered the
entire incubation period or by four lethal exposures once daily during the early
stages of the parasite development. Likewise, the resulls were similar in non-
resistant C. fafigans after exposurc to sublethal doses of D.D.T.

There was no modification of the host-parasite relationship when resistant
C. fatigans were subjected to a Jethal contact with D.D.T. for as long as six hours
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preceding infective blood feed. The presence of absorbed D.D.T. in the surviving
specimens did not seem to operate against the conjugating gametes or ojkinetes
that were being then formed in the stomach of the mosquitoes. In other words,
acquisition of infection was not inhibited,

TasLe I.

Infeciion with P. relictum in D.D.T. resistant and non~resisiant strains of C. latigans

exposed to 13D T,
€. fatigans
Fxperi- RESISTANT STRAIN : NON-RESISTANT STHAIN
ment | Exposed or not | - | | ; i
aumbe 29 | Pl ms P - n P i Pie 8
rumber EEANE RS ERETRETTIN b U AR R ERITH
j £ : U"J : ;S'E | g.é L.QEI o 6%’ _:E,‘:'. J o e ;..:éva
zg' AEESR AT (1 RS AT TR ' |
[ Fxposed 13 | s la 2|~ M@
H [ N ; : I H
' Unexposed Mo O B | &5 Tl L 67
{  {comparison} : . i | [
) i A A ¥
| Exposed Pay 1 8 s 8 m | ~ | 5 5 1 4%
L 4 e e : i
{ Unexposed | 21 | 2 . 9 . 9 1 43~ 16 | — | 61 & 43
{comparison) ! i . |
’ Lxposed i at 3 51 ‘ 30 I a9 !. - - — - ; -
; ! I
¥} Unexposed TR IR T S TR I B e
i {comparisom) | ' ! i |
(SRR 1 | ——— ! : ;
¢ | Exposd R ‘ PP R VL L
AR !
Detajls:—

Experimen! |. Two exposures of 40 minutes each, the first within12 hours and the second on
third day of the infective blood meal in both,

Bxperiment 2, First cxposure of 40 minutes immediately after mfective hlood meal followed
by three separate expuosures, cnee overy other day, of ene hour each lor resistant
C. fatigans and of 20 minutes cach lor non-resistant C. fatigans.

xperiment 3. Four exposures of one howr zach onee daily, commencing from the first day of
infective blood meal.

Experiment . A single prolonged exposure of six hours preceding infective blood meal.

Noe: 1. Resistant €. fatigans were of Generation 43 in Experiment 1 and of Generation
44 in Experiments 2 10 4,

2. Dosage of D.D.T. was 208 me, int acctons per sq. £ in alf exposures,

Usually only salivary glands were dissected for sporozeiic infection. In a few”
cases, guts were also exarmined, particularly if glands were found negative.

From the foregoing observations it secms reasonable to conclude that sporogony
cycie of P, relictum is completed in a normal manner in resistant and non-resistant
strains of C. fatigans subjected to lethal and sublethal exposures to D.D.T.,
respectively.
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DEVELOPMENT OF SPOROGONY CYCLL OF HUMAN MALARIA
IN RESISTANT AND NON-RESISTANT STRAINS OF
A FLUVIATILIS.

Experimeni 1. Resistant and non-resistant A, fluvietilis were caged separately
in screened bamboo rings and applicd to a gamectoeyte carrier of P, vivax, All
the mosquitoes could not be fed on the donor who on account of tender age {three
years) would not tolerate mosquito bites. 'The blood-fed mosquitoes being small
in number, were not exposed to D.D.T.

Experiment 2.-—Onc lot of resistant and another of non-resistant strain were
fed simultancously on a crescent carrier.® Here, again, the mosquitoes were not
exposed to D.D.T. in the hope of wdlizing them for a neuro-syphilis case under the
treatment of the Medical Officer, Government Hospital, Mettupalaiyam, South
India. This, however, did not materialize. The results of dissection of both
the experiments are shown in Table I,

Tasre 11,

Infections with human malarie in D.D.T.resistant strains of A. fuviatilis.

T

A. fumatifis

Yxperi- © Species Resislant strain

i_ Non-resistant  strain
ment of R — e f i | i
tTM, : - i 1 T - !
numte | Plasmodium - Num- | Gq IGtands| Totl [Per comt | N7 Gut | Glands | Total | Per cont
; * dissece | posi- | posi- | posi- | totad y OO posi= | posi- | posi- ! total
: " ted 4 tive r e I live: posmvc‘% ted bvr ! fave e : pOsItive
i . 1 1 : i -
e, e : | ; e
; o 1 o203 6 | | ‘ E
H - P oofpax : : i ' ; i
I TR LI P B T B 0 i 0
S : ! i ; i e
2P falciparam 5214 118 0 3 40 L o9 .0 30 | 39 [ 5

Note: 1. In both the experimenis mosquitoes were pot exposed to DELT.
*2, Tartially fed.

It would appcar that both the resistant and non-resistant strains of
A, fuviatifis were almost equally susceptible to infection with human malaria.

DEVELOPMENT OF SPOROGONY CYCLE OF P. GALLINACEUM
IN NON-RESISTANT STRAIN OF £DES £GVPTI AFTER
EXPOSURE TO D.D.T.

Experiment 1.~-In this expueriment, mosquitoes were divided into three groups.
Yemales in group {a) were first fed on an infected fowl and then exposed to 25 mg.
of D.D.T. for five minutes. Out of 300 engorged females, 227 (or 76 per cent)

e Thanks al"!}-d“l.lf.:. to Dr. A. Kanagamj, ﬁ;dicai (i)fﬁccr, Government i;iospital, Mettupalaiyam,
Seuth Tndia, for according permission to ferd mosquitoes on this patient,
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were found to have died the following day. In group (b) females were first exposed
to D.D.T. as in group (4) and then given a chance to feed on the same infected
fowl. Very large numbers of mosquitoes were used because only a small
proportion of the excited females could pierce the skin and take a blood meal.
The third group {¢} which was not exposed to D.D.T. was kept for comparison.

Experiment 2.—1In this experiment, Edes sgppti females were exposed to
D.D.T. {25 mg. per sq. ft.} as gravids for three minutes. The following morning
mortality among these mosquitoes was found to be 83 per cent (166 out of 200
{emales}.

The results of dissection of mosquitoes of the different groups of Ixperiments
1 and 2 are detailed separately in Table 111

FasLg [II.

Infection with P. gallinaceum in non-resistant strain of Hdes gypti exposed lo sublethal
doses of D.D.T. (25 mg. per sq. f1.) Jor five minues.

i ! ! i !
Bxperiment ST : S Number | Gu ! Glands ¢ Tusal Per cent
Number ’ Conditions of experiment | dissected | positive | positive | Positive total
{ lf ; positive
| : :
| -
la. | Rirst given infective blood meal | 36 | — B 1e 53
1 and then exposed to I3.D.T. | | {
H i |
5. | First exposed o D.D.T. sad then | 10 | — 10 W 53
T given infective blood meal ; [ !
i : ! - |
| Comparison (unexposed) -3 ;i — 1 1 ¥
! : ; \ ;
*2a ¢ Exposed to LD.T. as gravids i Et i 19 ) [§2 P9
; . | : |
N . Comparison {unexposed) ! 26 j 1 11 ; 14 ! 62
! t '
’ ! . SO

*Period of exposure, only three minutes.

Ir will be seen that a sublethal exposure to D.D.T. of Edes agypti preceding
or succeeding infective blood meal or in a stage of gravidity was found to have
no effect on the development of P. gallinaceum inside the mosquito hosi. The
index of infection was practically the same in all the groups of JEdes wgypti whether
exposed to D.D.T, or not.

Experiment 3.—This expcriment was started with &des 2g96ti most of which
had recently become infected with sporozoites of P. gallinacenm in the sabivary
glands.  About 75 of these females were exposed to 25 mg. of D.D.T. per sq. f.
for five minutes.

As soon as the exposure was over, the mosquitoes were given an opportunity
10 teed on a normal fowl (G. 79) enclosed suitably inside the cage. The masquitoes,
with developing symptoms of D.D,T. poisoning, were unable to penetrate the skin
for a blood feed until after an hour when one female had become engorged. This
was dissected immediately and it showed a moderate sporozoite infection of the
salivary glands. Again, one hour later, the same fowl was bitten by three
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mosquitoes in the course of 25 minutes, of which (wo were found infecive. At
this point feeding was discontinued. The normal fow! (G. y9) was thus inoculated
with sporozoites by bites of three known infective specimens which succeeded to
obtain a blood meal after exposure to D.D,T.

Another group of infected mosquitoes from the same stock was exposed to
DT, as the above group and released into a separate cage. A new normal fowl
{G. 80} was brought into contact with these irritated mosquitoes by holding it
against a side of the bobbinet cage from outside. It was bitten by two proved
infective mosquitoes, one after 50 minutes and another after one hour of the
£XpOsure.

Both the normal fowls (G. 79 and G. Bo), which were inoculated with
sporozoites by bite of the infective mosquitoes after sublethal exposure to D.D.T.,
developed patent infection which ended fatally in one and in a spontaneous
recovery of another. The resulis demonstrate that a sublethal contact with D.D.T.
of infective mosquitoes did not render the sporazoites non-infective to normal
moscuitoes.

The marked change in the biting potential of ddes agypli after exposure to
D.D.T. is noteworihy, " The same specimens of Fdes #gypts which would have
immediately crowded and fed on the fowl in a few minutes, were practically unabie
to do so after exposure to D.D.T.

Experiment 4.—Mulligan ¢t al. {1940) have reporied that sporozoite
agglutination in high dilotions of malarial serum is a specific reaction. This
test was made use of to find out i sporozoites in salivary glands of 4ides agypit had
undergone any change after exposure to 25 mg. of D.D.T. for ten minutes.
Sporozoites from heavily infected specimens with self amputated legs and almost
at death point, were dissected in different dilutions of homologous chronic serum.
The results suggest that sporozoites in highly paralyzed Fdes xgypti were not
imipaired antigenically.

Inoculation of sporozoites from a highly paralyzed specimen to a normal
fowl /G. 81) caused patent infection after an incubation period of eight days,
showing thereby that the sporozoites were infective. The parasites reached their
peak on the fourth day and disappeared from peripheral circulation on the
seventh day.

VIABILITY OF 2. GALLINACEUA IN INFECTED FOWLS POISONED
WITH ORAIL ADMINISTRATION OF D.D.T.

Having demonsirated that the development of malaria parasites in resistant
and non-resistant strains of mosquitoes was not affected in any way by exposure
o D.D.T., it was thought desirable to ascertain whether D.D.T. orally fed to fowls,
would inhibit the multiplication of parasites and/or vender the gametocytes non-
infective to mosqiutoes. The idea came from the work of Wilson (1948) who
estimated biologically the cffects of B.H.C. and D.D.T. in the bovine biood by
teeding arthropods on treated animals. The two experiments carried out are
described below,
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Lxperiment 1.—One normal fowl was inoculated with the blood of a fowl
harbouring chronic infection, When infection first became patent, the fowl was
given D.D.T. in olive oil by month at the rate of 700 mg. per kilogramme of the
body-weight for three days in succession. On the fourth day, the fow! began to
develop early symptoms of D.D.T. poisoning and its blood picture revealed a
number of male and female gemetocytes.  On the same night when the fowl was
in convulsions and prostration, it was placed bodily inside a cage containing
arge numbers of Fdes egypti which became engorged in a short space of time.
Soon after biood feed, most of the mosquitoes began to show toxic symptoms.  In
some specimens, the symptoms deepened and they fell down in the cage.  After
about 24 hours, more than half the females were dead. A few females which
survived to complete the extringic incubation period, were dissected for finding
sut oicysts and sporozoite infection. All the 12 specimens were found infected
with both ojcysts and sporozoites, These sporozoites were normal in appearance
in fresh and stained preparations. Onc normal fowl which was bitten hy two
snfective specimens developed infection on the ninth day and died of malaria seven
days lager,

It would appear from the foregoing that m a normal fowl poisoned with
1.13.T., the parasites multiplied and prodaced viable gametocytes which on being
ingested by mosquitoes resulted in the production of sporozoites which, in turn,
were proved to be infective to a normal fowl.

Experiment 2.~A normal fow] was inoculated with blood from the fowl with
chronic infection. Before infection became patent, the lowl was given D.DUT.
mnoliveoil as in the above experiment on three consccutive days. For some
unknown reason, the fowl! showed no signs of illness on the fourth day as expected,
but died on the twentieth day of D.D.T. poisoning. The parasites which appeared
in the peripheral blood after a prepatent period of six days, muitiplied and when
the density of gametocytes was adequoate, the fowl was exposed o the bites of
ledes wgypti. The engorged females were slow in developing sysmptoms of D.ID.T.
poisoning. After about four hours, most of the mosquitoes were unguestionably
irritated in varying degrees. The surviving fcmalemm\red 85 per cent infection
of salivary glands with sporozoites {17 cut of 20 dissected).

PISCUSSION.

It is well known that certain species of mosquitoes have developed resistance
w 10.D.T., particularly in areas where D.D.T. has been used extensively and
mmtensively in massive doses, This insecticide resistance may be slight so that
mosquitoes are still killed by the insecticide or may have reached a stage where
£3.D.T. is of little or no practical value in mosquito control, The importance of
the development of resistance, particularly in a vector species, would seem to
depend largely on whether the ahility of a resistant strain to withstand the doses of
D.D.T. which would kill a non-resistant strain of the same species, would also
operate adversely on malaria parasites in an infected mosquito. In discussing
the possible effects of residuval insecticides on the interruption ol malaria trans.
missinn, Gabaldon (1953) observes: *' If physiological resistance appears, its
impaortance may depend on the tact that the sorbed insecticide may injure or not
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the malaria parasite in anv of its stages in the mosquito, a fact unknown at the
present time”, The same author again records “Nobody knows what happens to
oaCysts or to sporozoites inside slightly intoxicated mosquitoes .

On the basis of data on hand, it is evident that mere acquisition of D.D.T.
resistance which was high in €. fafigans and Jow in A, flugiatilis, did not result in any
concomitant change of the vectorial capacity of these two species.  Resistant and
non-resistant €. fatigans, which originated from the same parent, were almost
equally inlected with P. refictum, Simtlarly, resistant and non-resistant strains of

A, Auviatilis showed no difference in their susceptibility to infection with human
malaria,

Tt is also evident that activation of the mechanism ol resislance in resistant
. fatigans by lethal contact and in non-resistant (. fatigans by sublethal contact
with D.D.T., produced little or no effect on the development of sporogony cycle.
Both the groups were infected with P, relictm (o about the same extent as were
rthe comparison groups,

Tt will be further observed that sporogony cycle was completed in a normal
manner in resistant . fatigans which were exposed to lethal doses preceding
infective blood meal or thereafter during the early or entire extrinsic incubation
period. :

Experimenis with P. gallinaceum indicate that a sublethal exposure to D.D.T.
had no effect on the parasite in any stage in £des #gypti and that when D.DT,
was fed orally to [owls, the parasites multiplied and gametocytes remained viable.

Finally, it would also appear that if contact with D.D.T. resulted in any
change, physical or chemical, mn the body of an infected mosquito, the malaria
parasites were not apparently influenced by it in their natural environments.

Tt is not known whether D.D.T. absorbed by mosquitoes found its way to the
parasites in an unchanged condition or in the form of some less toxic metabolite.
It is again probiematical whether malaria parasites are subject to the lethal action
of D.D.T. or whether they behave like plankton organisms which are not killed
by this msecticide (Bishop, ro47).

SUMMARY AND CONCLUSJIONS.

t. The acquisition of DLDUT, resistance by C. fatigans per se had no apparent
effect on its vectorial efficiency.  Both the resistant and non-resistant strains
originating from the same female were about equally infected with P. relictum up
w the sporozoite stage. There was no change in the host-parasite relationship
when the mechanism of resistance was stimulated by exposing the resistant strain
o lethal doses of D.D.T. preceding infective blood meal or thereafter during
the early or entire extrinsic incubation period. Sporogony cycle was completed
in a normal manner in resistant and non-resistant strains, irrespective of the
exposure to DDT.

2. Resistant and non-resistant strains of A. fuvistilis were almost equally
susceptible to infection with human malaria, Resistance in 4. fuviatilis was, of
course, low hut it was cleap-cut,
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3. A sublethal exposurc to D.D.T. of .Zdes agypti, preceding or succeeding
infective blood meal or in a stage of gravidity, was found to have had no effect
on the acquisition of infection with P. gallinaceum or its subsequent maturation to
sporozoites. Fxposure of the infective females did not render the sporozoites
non-infective to normal towls.

. Oral administration of D.DT. to fowls infected with 2, gallinaceum
did not inhibit the multiplication of the parasite, nor did it haveany apparent effect
on the viability of gametocytes.
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FOLACY IN RELATION TO MALARIA CONTROL.
BY
5. R. CGHRISTOPHERS.
Pdugust L1933,

How important 3s policy in measurves directed o the control of malaria in
a conntry? By policy is meant all ¢hat goes to the thinking out of what should be
done. Tt includes what it is desired to do, what it is possible to do and how this
last can best be done, Tt is sometimes not very clearly thought out, often based on
imperfect information and with the best intentions it may not be the best that
could be adopted. One thing it very commonly lacks, viz,, adequate provision to
show what results have been achieved. It is, therefore, worthwhile to give
careful thought to what it is hoped to do, how it can best be done and how il it is
done it can really be known to be done.

What it is hoped to do may be the elimination of malaria as a human disease,
‘Yo have any relaton to reality such hope must be more specific in time and place.
There are two words in use in the fight against malaria, »iz., control and eradication:
those whose expectations are aimed bigh prefer eradication, those less optimistic
use the word control.  As in many human affairs a great deal depends on the
particular circumstances and what is reasonable to hope in some circumstances
would be unrcasonable in others. Whatever the objective, however, whether
control or eradication, much the same fechniques must be used. Malaria is almost
unigue as a disease in the great varieties of ways in which it may be attacked and
the number of techniques that can Dbe used in doing so, The important point
that policy has to decide upon is which of these techniques to use. It may be
useful to indicate brieflv what these techniques are.

Farly control measures, [ollowing upon Ross’s discovery of the mosquito
transmission of malaria, were almost entirely based on action taken against the
breeding places of Anopheles,  The only important rivals 1o such measures were
communal quinipe prophylaxis and screening, Discovery of pans green as a
more cfficient and casily handled larvicide and the work of Malcolm Watson in
Malaya exploiting the use of drainage and other methods of larval control, together
with the conception of species sanitation, appeared to show that control through
antilarval action wus possible and that where it could be carried out it was the
method of choice as being ihe most fundamental. Other mcasures such as the
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trapping and spraying or fumigation of adults, use of comumunal quinine and
protection took their place as measures to be used where antilarval work was
unsuitable or as supplementary measures of securing success.  So successful in
certain cases had such work been shown that in place of mercly reducing Anopheles
there came the ideal, where circumstances allowed, of eradicating once and for all
a vector species. The conditions necessary for this method were that the area
must not be 100 great, though it was not necessarily restricted fo an island, and
considerable arcas were (reated on this basis,

Some operations of this kind have been highly successtul, e.g., Anopleles gambia,
which appeared to have invaded Brazil from Africa and there had occasioned serious
epidemics of malaria, as a result of a determined and sysiematic attack launched by
the Rockefeller Foundation in associalion with the Brazil Government under
Doctors Soper and Bruce Wilson, was completely cradicated from North Fast Brazii
and up to the present (Russell, 1955) Brazil has remained {ree from this species.
Another successful anti-gambie cradication operation has been carried our in
Upper Egypt (invaded area 4,270 sq. miles and population some threc million).
In Sardinta, at a total cost of 12 million dollars and with the assistance of some
thousands of scouts, an attempt was made to eradicate the vector species.  But
though malaria was cradicated the operations were not completely successtul m
climinating the indigenous species of Anopheles. In Cyprus, an istand with endemic
malaria (spleen rate about 25 per cent), there was an example of the use of the new
insecticide D.1).'T. as a larvicide. Here also an attempt to eliminate the indigenous
Anopheles was unsuccessful, though as a result malaria was much reduced.

In the first world war antilarval control, with in additien quinine prophylaxis
where larval control was hmpractical or reguired supplementing, was sull the
recognized major control measure.  Extensive operations in Palestine, Mesopotamia
and other areas based on such mcasures were, however, bt moderately successful.
Nevertheless much was learnt regarding protection of troops that was o bear fruit
i the second world war.

In the perind between the two wars, two things revolutionized ideas regarding
control.  These were the discovery of new more and more effective synthetic
antimalarial drugs and the results from the new insecticide D.D.T. used in residual
spraying. Drug prophylaxis (hrough mepacrine, now as a result of the previous
war pushed as a prophylactic measure with the full and effective support of the
military commands, was practically the answer lo malaria control in troops. The
new and powerful insecticide D.D.T., used first as a Jarvicide and eventually along
with a number of related compounds in residual spraying, has been so dramatically
successful chat many have considered it the {inal apnswer as 1o bow malaria can
he fought.

With this bricl resume of the present position with respect to various {orms of
techniques used against malaria, we may usefully examine some considerations
that affect policy. It will be most convenient 10 do so chiefly in relation to
vxperience 1o India.

AREA AND POPULATION.

in Table I, are given the avea, population and persons per square mile in
s number of tropical malarious countries,
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Area, population and persons por square mile g wumber uf tropecal malarious ceontries.

Loty Artain Persons per

sqnare miles  TORSRUNI e mile
n Fnglish county (Cambridges . o 493 1m0 360
Trinidad ... 1,861 H8,000 3536
Uyprus . e . . 3,570 A5 00 14¢
Savdinia 0300 0 L22000 131
Britsh Gutans 833,000 M i
Yenczuela - - . 332,004 33280400 15
‘treaied area) 1Y, 0Ny 2R ) I M

Bolivia .. £ 10,0010 B, TNE AN : i
Giokd Cuast . ) . 2000 . 2,223,000 2
Nigeria . FT3000 31,200,000 L1
Belgian Congo y L ot | 12,015,000 15

‘Fropical Adrica as a whole (Fromg B2 No o the

Tevel of Beira)t ... RHTRVTE ‘ HELM AN - Lt
Pakisian - :;b’-;_.?(m; T3, S44,00 207
India . 1, 1,000 ;35&5, 70,000 - g12

* Date, excepd (or tropival Alrica as & whole, frore Whictaker™s Almanac, 1956,
P Arca for tropical Africa has beens mecagured from omap and given approxinately.
The figure for populatictr i probably an wder estimate,

Such a st serves to show e setative scale of operstions thar would  be
required for these countries and cinphasizes the speaial cases of India and sorne
tropical Afican counlrices.

EOOQNOMIC STATUS.

There will almost certainly be a greal diflerence in what a prosperous and
perhaps fargely curopeanised country can do as compared with a relatively poor
country much of the population of which may be living in rural or even jungly
conditions. Between two such, the whole question of malaria control differs
cnormously and, except as experiment for some particular purpose, what one
might almost term smash and grab operations are nod usually the most suitable in
the latter circumstances.
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VITAL STATISTICS.

One point that it is very necessary to know in a country where the question
of action against malaria arises is how much malaria there actually is. - Normally
it is assumed that this will be shown by the vital statistics, as also whether any steps
that have been taken have produced the desired result. Unfortunately, where the
malaria problem is most urgent, vital statistics of any value commonly do not exist.
India is fortunate in this respect since, especially in some areas, registration of deaths
with age, village, etc., is well kept and if studied with a knowledge of the method of
collection may be relied upon up to a certain extent.  The cause of death is another
thing and cannot be expected to be accurate. In general, vital statistics are of little
use except in very special cases in determination of malarial incidence. Hospital
records in such countries often represent only a fraction of the real number of cases
of a disease. Medical men may be, and usually are, so small in proportion te the
population in rural and jungly arcas that any attempt to arrive at an estimate of
the effect of operations on a large scale through medical diagnosis would be liable to
grave doubt. To do so from films sent in to headquarters might be extremely
misleading.  Unless a good systern of rcturns of death is in existence or there is
1 sufficiency of effective dispensaries any real estimate of the amount of malana
would require cxpert investigation.

IHSTRIBUTION OF MALARIA.

Tt is not usually thai a country is uniformly malarious, or even that there
ate not extensive areas where malaria is not a serious problem. In India there are
some considerable areas that come under the designation of ““ healthy . In such
areas malaria is often restricted to small foci of infection where conditions happen
to be favourable to the disease. Other tracts may be hyperendemige, Z.e., malaria
is no longer an occasional disease, but one in which infection in childhood is
universal, or almost so, and adulis are largely immune. Even the children,
chough infected, often show little cvidence of being il and in true hyperendemicity
as seen in some primitive tribes it may be difficult to show that there is an increased
child moriality. On these accounts the urgency or even the desirability of taking
action under such conditions has heen considered by some authorities 10 be doubtful.
Tt is a matter of opinion with little factual evidence to go on. Such areas may be
yuite extensive and have been mapped and much studied in India. In other
forms of high incidence communities may ke in a miserable state of perpetual illness
irom malaria and in need of urgent relief. These may be the conditions in
communitics colonizing new arcas and perhaps labour connected with importnt
industries or projects, Without some system of ascertaining what areas and
communities are in need of action ta be taker, wide-scale institution of some particular
method of control is not a policy to be recommended. Much attention in India
has been given to ficld studies in the villages in different parts of the country. In
tropical Africa similar enquiries have been made, e.g., by Bagster Wilson, but there
must be large areas about the malaria in which httle 1s known.

EPIDEMIC MALARIA.

Dme form of malaria, that (ermed sewasonal epidemic, or when very severe
fulnunant malaria, is especially important, Iis characters are sudden onset with
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almost universal infection aml high death rate. Such epidemics in India oceur
only at intervals of a decade or so, between which times 1 is characteristic that
mialaria is of relatively low incidence. It has been shown by Gill who has made
a2 very thorongh research into the nature and origins of such epidemics in India
and Ceylon (o be a phenomcnon related to a normal low malaria incidence
with decreased immunity followed in certain years by unusual and still not very
well understood conditions favourable to malaria. In the vear 1908, a great
epidemic of this kind swept through north west India in the course of which in some
three months tens of thousands of people died, the mortality in some areas rcaching
the fantastic figure of 400 per mille, whilst the area covered almost simultaneously
was an arca nearly as large as England and Wales. A carciul study following upon
the epidemic showed that s most charactesistic feature was widespread flooding
from the rivers. Since 1908, the attention of engineers has becn especially directed
to this danger of flooding and appropriatc measures on a large scale to mitigate
such effects have been taken. Whether on this account or not, these epidemics
which usually occurred abhout every eight years as far back as records go have
never since occurred on a like scale.  Study of relatively small affected areas has
shown that the mcasures which can be adopted are mainly organized arrangements
for treatment and free dreug distribution.  Arcas liable to such epidemic efleets
have been mapped and it has even to some extent, through studics of the spleen
rate and other factors, been possible to foretell likely affected areas.

STAFF.

For operations on any scale trained staff 15 a senious problem. This must
necessarily include, besides labour and operators for whatever method is adopted,
a sufficiency of trained malariologists to direct and supervise operations. During
the tast war the sudden call for personoel to equip antimalarial units operating in
the various countries in the Middle Last was largely met from the Malaria Institute
of India, this being about the only large organization where training was, and
had been, systematically carried out. In the years of the war, the Institule supplied
for this purpose 555 trained malaria officers, 426 trained personnel and 87
engineers that had reccived wmalaria training.

ORGANIZATION.

It will be clear froms this briel’ account that organization and rescarch are
a very cssential part of anu-malarial work. Without them measures must he
taken biindly and proof that anylhing has been achieved may leave much to be
desired.  Whilst all-out attacks can be made on malaria where large funds are
avatlable and circumstances favourable, it would seem these are not most sutted
to undeveloped areas or countries, such as many are in the tropics, where malaria
assurmes a variety of torms and degrees of intensity. What seems to be more
needed in this case, especially where the country at issue is large, 1s some permanent
organization where investigation and control can work hand in hand, its staff able
to cover all the necessary fields of expert knowledge, familiar with field conditions,
expert in malaria techniques, with access to government and supported on a scale
proportionate to the task committed 1o them.  In India in the course of the last
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thirty years or more there has been developed a centre of malaria research and
contro! on a scale and with an output of results that can safely be said to be second
1o none other in the world, ziz., that now named the Malasia Institute of India.

Only very brief mention car here be given of the history and work ol this
Institution, A very instructive and complete account, however, will be found
given by Covcll in two communications, the first dated 1938 in Vol. 1 of the
Fournal of the Malaria Institute of India giving the history and work of the Malaria
Survey of India (1927-1937) and the second dated 1947 in Vol. T ol the fudian
Journal of Malarielogy giving the history and work of the Malaria Insttute of
India up to that date. Up to 1909, there was in India no organized plan for
malaria rescarch or control, In that ycar, however, proposals were made for a
malaria organization for India by Licut-Colonel J. T. W. Leslic, Sanitary
‘ommissioner with the Government of India, whose far-sighted policy was also
responsible for the building up of the Bacteriological Department of the Govern-
ment of India in which was combined the running of the large Central and
Provincial Laboratorics and much clse. The scheme included a General
Committee (with the Minister as President) with a delegate from each Province
and Provincial Committees to obtain information and supervise local enquiries.
A part of the scheme was the Central Malaria Burean {(1910-1916 and 1919-1427;.
At the Bureau were instituted a reference library on malaria, collections which
tater formed the basis for work on the mosquitoes of India, and other activities
aimed at advancement of malaria work throughout India and Burma. The
Burean maintained close connection with researches and surveys carried out by the
Provincial Malaria Officers many of whose names have been then and later familiar
in the literature. It also held an annual ciass of instruction for medical officers
taking up mealaria work in which both field work and necessary laboratory
rechniques were undertaken. Unfortunately the first world war necessitated the
calling up of most of the Provincial Malaria Officers for duty in different theatres
of war and the organization was for a time in abeyance. Proposals, however, in
ry2q for a renewed organization led in 1927 to the formation under the Indian
Researcli Fund of the Malaria Survey of India with Lient.-Col. {now Brigadier)
J. AL Sinton as Director. At first Jocated at Amritsar, a city severely aflected by
the 1gofl epidemic, it was Jater moved to Karnal where operations were in progress,
birt later at the director’s suggestion to the present headquariers in Dethi. Tn 1938,
at a meeting of the Indian Rescarch Workers Association, the Government of
India agreed to finance the now greatly enlarged organization, which under the
name of the Malaria Institute of India continued work under the directorship of
Col. {now Major-General Sir Gordon} Covell, lollowed on his retirement in 1947
hy Lieut.-Col. Jaswant Singh. 'Throughout these years innumerable surveys
irave been made of different areas in India, control measures carried owl and in
aimost every field of malaria control practical measutres and techniques perfected.
some idea of the extent and variety of the work carried out may be gathered from
the list of papers published in the Journal of the Institute. In recent years a great
deal of study and experimentation has been given to residual spraying and its
effects on which many papers will be found in the Journal. Should residual
spraying be found to give all that it promises one may safely leave its full exploit-
ation in control of malaria 1o the present director and his expert staff. That there
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is vo lack of mittative is shown by the recent formauon of an assoclated Society
with its own Bulletin, siz., the National Society of India for Malaria and other
Mosquite Borne Diseases, of which Liewt.-Col. Jawsant Singh is the President and
the objects of which include work on fitariasis in India which causes much sickness
and is a mesquito-borne disease,

Quite recently 1 have seen the annovncement that a Malaria Insttute has
beent established under the divectorship of Dr. D, Bagster Wilson in tropical Last
Africa, the East African Malaria Unit of the East Afnca High Commission baving
hecome the Bast African Institmie of Malaria and Vector-Borne Discases.  Such a
step has very much to recommend it.
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DEVELOPMENTS IN MALARIA CONTROIL, METHODS
DURING THE PAST FORTY YEARS,

BY

Sik GORDON COVELIL, m.n., nooo
luiy B, bl

A PERIOD ol 40 vears has boen selected {or this review because it corresponds
approximately with the wriler’s own experience of malaria and its control. The
developments which have evolved during this time in the methods used to combat
the disease may be considered under the headings of (¢} antimosquito measures
and {#) chemotherapy.

ANTIMOSQUI'TO MEASURES.

During the first half of the period the measures adopled were divected almost
exclusively towards the destruction of the aquatic stages of the mosquito, the egg,
Farva and pupa, usually rveferred 10 as antilarval measures. Some of the earhier
campaigns, such as those underiaken in Malaya, Ismailia, Guba and the Panama
Canal Zone, were very successful.  They were costly, but in each case important
financial considerations werc at stakc, and the expenditure was amply repaid by
the improvement in health which resulted, particularly among the labour forces
cmployed.

In India, the prosecution of antilarval measures received a serious setback
from (he comparative failure of the campaign undertaken at Main Mir, later
known as Lahore Cantonment. Tbe cxtreme flamess of the jand in this area made
drainage operations difficult, and though mosqutio breeding within the cantonment
and in the immediate vicinity was conirolled to a great extent, these measures were
largely vitiated by the Infiltration of Anapheles enlicifacies, 1he chief mosquito vector,
from outside the protected area. The campaign was further discredited when
the great regional malaria epidemic of 1908, one of the most severe ever experienced,
swept over the Punjab.  Main Mir lay within the epidemic arca, and many cascs
occurred among the troops stationed in the cantonment and their families.

During the next 25 years, antilarval measurcs were practised with some
success in various urban arcas, in tea, coffee and rubber plantations and in
connection with large scale engincering projecis. Foliowing Bentley’s survey of
190g-1937, a Special Malaria Department was created for Bombay City and a
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number of antilarval measurces were put in force, directed chielly towards the pre-
vention of mosquito breeding in wells and cisterns, the favourite breeding places in
Bombay of the vector, A. stephensi. As a result, the malaria rate was greatly
diminished, so much so that the local authorities decided that the measures could
be relaxed. Accordingly in 1918 the Malaria Department was disbanded; but
the meagre stafl’ remaining proved entirely inadequate to cope with the situation.
Clovers and trap-doors of wells and cisterns were removed or allowed {0 get into
disrepair and numbers of wells which had becn scaled were re-opencd. The
incidence of malaria began to increase and in 1922 the heads of 40 commercial
houses sent in a petition o the Corporation drawing attention to the prevalence of
the discase in the city and to its harmful effects on commerce. In 1923, the
Malaria Department was reconstituted, but much of the work previously accom-
plished had to bc re~-done: in 1924, the disease was again very prevalent in Bombay
and there were a number of cases among the crews of ships berthed in the docks.
A Ceentral Malaria Committee was appointed and the stafl increased, but malaria
continued to he a serious problem and 1t was decided to hold another survey of the
whole island.  This survey, which lasted six months and involved the 2xamination
of more than 30,000 children, was carried out by the writer in 1928, The
recommendations then put forward, which were directed solely towards the
prevention of mosquito breeding, were implemented with excellent results.

In Assam, antilarval work was carried out in a number of tea estates under
the auspices of the Ross Institute, notably by Ramsay in and around f.abac. An
interesung development here was the growing of dense vegetation over ditches,
sireams and swamps to prevent mosquito breeding. This measure was very
suceessful for some vears, but in the course of time the bushes used for shading
hegan to invade the tea, necessitating the employment of extra staff to keep it cut
back. Eventually in many instances estates reverted to open drains and oiling
for the control of mosquito breeding. A similar course of events occurred in
Malava, where extensive subsoil draining was installed in rubber estates. Here
again the measure was at first successful, but eventually the roots of trees grew down
i hctween the tiles in search of water and choked the channels, so that an open
space 1} tmes the height of the trees had to be left on each side of the pipes.
Since a rubber tree may grow to a height of 6o feet or more, a large proportion of
the plantation was thus put out of action. In many cstates the subsoil pipes were
pulled up and substituted by open drains and oiling.

Mention may he made of two engineering projects in India whose construc-
tion was made possible solely by the rigid application of antilarval measures, namely
the Sarda Canal Headworks Project, in what was then known as the United
Provinces, and the building of the Raipur-Vizianagram hranch of the Bengal-
Nagpur Railway. The construction of the latter project was held up for 40
vears owing to the prevalence of intense malaria, the incidence of the disease among
the survey parties being so high that the first thrce were unable to complete
their task, while the fourth succeeded only when every engineering post in the
party was duplicated. The construction of the railway was finally made possible
ny the work of the late Major Senior White, Malariologist to the railway, who
mstituted rigid antilarval measures in and around the camps in which the
labourers were concentrated., )
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During this period, the chiel methods employed (or the control of mosquito
hreeding were drainage and the application of various kinds of oil to water collec-
tions. A notable advance was the introduction as a larvicide of paris green,
following the demonstration of its value in the field by Barbar and Hayne in 1921,
From this period until the advent of D.D.T,, paris green was used very extensively
in large-scale antimalaria campaigns throughout the world, Tt was the principal
method employed in the Brazilian campaign of 1939-40, which resulted in the
cradication of A. gambie from that country.

The expesience gained during the earlier antimalaria camipaign in India
and elsewhere showed that the disease could probably be controlled anywhere
by antilarval measures, provided that sufficient funds were available for the purpose.
Under urban and industrial conditions, where the population at risk was
concentrated in a limited area and where its potential output was economically
productive, it could usually be demonstrated that the cost of malaria to the com-
munity was considerably greater than that of eflective control, even by the measures
then avatlable. It was the control of rural malaria that for so many years proved an
insoluble problem to the health authorities of tropical and subtropical countries.
Herc the population, instead of being concentrated in compact areas, is scattered
over wide tracts of country, Villages often consist of isolated groups of houscs
dispersed over several square miles of country which usually harbours innumerable
breeding places for malaria-carrying mosquitoes. Malaria was, indeed, controlled
in rural areas in certain instances as a demonstration project, but only at a cost
far greater than any sum which the local authorities couid afford. Under such
circumstances the only way of ameliorating the condition was 1o provide treatment
for the sick, a palliative rather than a control measure. '

This was the position as late a5 1936, when the publication of the remarkable
vesults achieved in South African villages by the spray-killing of adult mosquitoes
with pyrethrum insecticides at a moderate cost encouraged the hope that here at
last was a weapon which might prove practicable for the contro} of malaria in rural
India. Just at that time a comprehensive scheme of malaria control was being
put into operation in Delhi urban area, which covers about 75 square miles of
country. The quarters occupied by certain selected communities of Government
employees located in particolarly malarious sections of this area were regularly
sprayed throughout the malaria scason. The results were remarkably good, and
in onc set of quarters the malaria rate was reduced to 14 per cent, a figure of 45
per cent being recorded in adjacent quarters which were left unsprayed. The
method was immediately recommended for use throughout India for personnel such
as police, railway, forest or other government employees and labour forces in
estates, mills and other industrial enterprises. It was at first thought that its
usefulness would be limited to such conditions, but in 1937 it was tried as an
cxperimental measure in two villages on the outskirts of Dclhi and was subsequently
extended to a number of others further afield, with encouraging results. Further
experimental work on these fines was carried out hy the Malaria Investigations
[Init of the Rocketefler Foundation International Health Divisién in certain villages
in southern India during the period 1938-4¢. The first large-scale routine
application of this measure in Indian villages was, however, carried out in Mysare
state,
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When the Bombay State Malaria Organization was created in 1942, the
spray-killing of’ adult mosquitoes with pyrethrum insecticide hecame an important
feature of the control programme in Kanara District. Earlv results in this area
were somewhat disappointing, but the adaption of a programme of spaced spraying
hased on a scries of patient rescarches was followed by a striking reduction in the
malaria rate, In September 1945, a supply of two tons of D.D.T. which had been
:mported into India for military purposes was made available to the Bombay
Malaria Organization for field trials. Trom then onwards the spray-killing of
mosquitoes with residual insecticides became the main featurc of the campaign,
which was progressively extended to cover the whole of the malarious parts of the
State.

In the same year a large-scale project was launched in Venezuela with the
object of eradicating malaria from the entire country by D.D.T. residual spraying,
and similar campaign was inaugurated in British Guiana. Since then, D.D.T.
spraying projects have been carried out in Brazil, Argentina, Bolivia, Peru,
Eeuador, Columbia and French and Dutch Guiana, In the United States a
joint programme for eradicating malaria was also launched in 1945, with the
resuit that the disease has now practically ceased to cxist in that country., Large-
seale campaigns are in progress in Tealy (including Sicily and Sardinia), Cyprus,
Greece, Mauritius, Ceylon, Thailand, the Philippines, Borneo, Iraq and Iran,
as well as in India and Pakistan. In all these projects spraying with residual
insecticides has been the chief and in many cases the sole, antimalaria measnre
employed.,

It is interesting to recall that the systematic destruction of adult mosquitoes
was practised in the Panama Canal Zonc as early as 1908, the first to use it being
W. R. Procter, a sanitary inspector. It was done by negro labourers armed with
chloroform (ubes and acetylenc lamps. Mosquitoes were also caught in wire
ganze traps, placed over the windows. These measures met with considerable
suceess in reducing the malaria rate. The destruction of hibernating adult
snosquitoes by hand-catching was also practised in Holland from 1920 onwards,
and in rg26 pyrethrum sprays were introduced for this purpose. Tt was this work
in Holland, fargely inspired by the msistence of S, P, James on the importance of
rdestroying the infected mosqguito and thus interrupting transmission, which formed
the basis for the successfu! campaign in South Africa alluded to above,

CHEMOTHERAPY,

During the first decade of the period under review the only drugs available
lon the prophylaxis and treatment of malaria were the cinchona alkaloids, of which,
the most commonly used was quinine. It was customary 10 give the drag over an
cxtended period, beginning with 20 to 3o gramns daily for seven to ten days; this was
usually followed by a similar dose twice or thrice weekly for several weeks or even
months. During the first world war, quinine was given to the troops in Macedonia
i esormous doses, up {0 roo grains daily, and was continued for varying periods
after the subsidence of symptoms with the object of diminishing the likelihood of
relapse. One of the regimens adopted consisted of 45 grains daily for 30 days, a total
of 1,350 grains,  Another, known as a “ sterilizing course 7', consisted of 30 grains
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of quininc orally plus g0 grains intramuscularly daily for 12 days; 6o grains orally
for two days; and 20 grains orally for the following two weeks; a total of 1,180
grains.

The numerous investigalions conducted between the two world wars, notably
those sponsored by the League of Nations Malaria Commission, together with
experience gained during the treatment of neurosyphilis with malaria therapy,
resulted in the gencral adoption of comparatively short courses of treatment for
malaria. Tt was established that any dosage of quinine excecding 30 grains daily
not only fails to affect the course of the disease, but is also detrimental to the health
of the patient; and that to extend the course beyond seven days has no effect on
the relapse rate.

The evolution of the synthetic remedies now so largely used in the treatment
and prophylaxis of malaria makes an interesting story. Quinine is an effective
drug for terminating the clinical attack in most malarial infections, and it is doubtful
if any of the synthetic drugs now in use would have been developed had not the
Germans been deprived of all sources of quinine during the first world war, It
was the necessity for finding an effective substitute for quinine which inspired the
researches which led to the synthesis first of plasmochin (pamaquin) and later of
atebrin {mepacrine).

Up to the time when this work was planned, all attempts to synthesize quinine
had failed; but Guttmann and Ehrlich, many years earlier, had discovered that
methylene blue stains, and, therefore, presumably penetrates, the malaria parasite
and had observed some abatement of clinical symptoms in patients suffering from
rivax infection to whom the dye had been administered. With these experiments in
mind, a team of German scientists embarked on a line of research which was destin-
ed to have {ar-reaching consequences. They introduced a basic side chain into the
formula of methylene blue, and found that one of the resulting compounds had
considerable activity against bird malaria. It scemed likely that the activity of
the quinoline nucleus present in quinine might also be enhanced by the introduction
of a similar basic side chain. This line of approach culminated in the synthesis
of pamaquin, the first synthctic quinoline compound to exhibit effective action
against human malaria parasites.

Pamaquin was found to have a powerful destructive action on the gametocytes
of Plasmodium falciparum, a property not possessed by any of the cinchona alkaloids;
another quite unexpected development was the demonstration in India by Sinton
and Bird that when wsed in conjunction with quinine it effected a marked reduction
in the relapse rate of vivax malaria. In certain respects, however, pamaquin proved
unsuitable as a therapeutic agent, chiefly by rcason of its relatively high toxicity
and the [act that it has little action on the asexual erythrocytic forms of P. falciparum.
The Germans, therefore, embarked on further studtes; they attached the basic side
chain which had been evolved for pamaguin to other heterocyclic nuclei, and
finally, in 1930, produced the acridine compound mepacrine.

Mepacrine proved to have a powerful destructive action on the asexual
erythrocytic forms of all species of human malaria parasite. It possesses all the
antimalarial properties of quinine, and against some strains of P. falciparum it is
considerably more active. It has, however, the disadvantage of turning the skin
vellow and of producing in certain individuals undesirable side-cffects,
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After preliminary tests on patientsundergoing malaria therapy first in Germany
and later in England, pamaquin and mepacrine were subjccted 1o an extensive
series of field trials ander the auspices of the League of Nations. These tests
afforded clear and decisive proof of the high suppresstve action of mepacrine in all
forms of human malaria, though some uncertainty remained as to the possible
harmiul effects of long-continued administration. When Indonesia fell to the
Japanese in rg42, thus cutting off the supply of quinine o the Allies, steps were
immediately taken to manuofacture mepacrine in large quantitics in both Great
Britain and in the United States. Mepacrine prophylaxis was rigidly enforced
among the Allied troops opcrating in the South-west Pacific and South-cast Asia
Commands. This measure resulted in effective control of malaria in both areas and
played an important part in achieving final victory,

The German programme of research on synihetic antimalarials had not
veased with the production of mepacrine, They continued their investigations
with the object of producing a drug with the same antimalarial properties but
withowt its disadvantages. Removal of the methoxy-bearing ring from the
mepacrine molecule gave rise to resochin (chloroquine), a member of the
jpaminoguinoline group of compounds, Preliminary tests of this drug on a small
serics of patients in a mental hospital in Germany were interpreted as indicating
a considerable degree of toxicity, and further rescarch was undertaken to
counteract this supposed delect.

The second world war broke out while this work was still in progress and as
field rests of the 4-aminoguinolines were as yet incomplete, the Germans adopted
mepacrine as the standard antimalarial drug for their troops.  After the occupation
of France supplies of chloroquine and of an allicd compound, sontoquine, were
made available to the French authoritics for tests in North Africa; when this arca
was occupied by the Allies, stocks of these fell into the hands of the Americans, who
were already engaged in a gigantic rescarch programme in which more than 14,000
compounds were cventually tested for antimalarial activity.

The Americans found that the early German tests of chloroguine had created
an oxaggerated picture of its loxicity; they also found it superior fo sontoquine as
an antmalarial drug, It had the advantage over mepacrine of not causing
discoloration of the skin; it was found to be in some respects more active than
the Tatter drug and less likcly to produce unpleasant side-cffects. 1t was not used
t¢ any great extent during the second world war, but was soon afterwards adopted
as the standard antimalarial drug for the United States Army., Twa other
g~aminnquinolines, amodiaquine {camoquin) and hydroxychlorogquine {plaguenil},
have similar properties and are claimed 10 be cqually effective.

During the latter half of 1the secopd world war, Rritish chemists, adopiing
a new line of approach, produced a biguanide compound, proguani! (pal udrirn":’)5
which proved to have remarkable antimalarial properties.  This drug acts on the
pre-erythrocytic forms of P, faleiparum, and is, therefore, a causal prophylactic of
tnfection due to this species of parasite; il is a good suppressive against. all forms of
malaria; it inhibits the late sporogonic forms of the parasite, so that mosquitocs
feeding on a gametocyte carricr receiving therapeutic doses of the drug do not
become infective; it has a lower toxicity than any other antimalarial drog known;
and it can he produced at very low cost. Tis action on the asexual erythrocytic
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forms of ihe malaria parasite is not sufficiently rapid to render #t suitable for
treatment of the clinical attack, and its principal use is in prophylaxis. Proguanil
has been used very extensively for this purpose among roops and civilian popula-
tions in Malaya and other paris of the Commonwealth during the post-war years
with excellent resalts.

More recently another antimalarial drug of importance has been placed
on ihe market, This is pyrimethamine (Daraprim}, a member of the diamino-
pyridine group. It was synthesized in the United States. though many of the
biotogical tests have been conducted in England.  In most respects its action closely
resembles that of proguanil, and this is not surprising, since its chemical structure
is nol unlike that of an active metabolite produced in the body by the latter drug.
Like proguanil, it is too slow in action for therapeutic use, and its chief value 1s
likely to be in prophylaxis. It is active in very small doses and can be produced
at relatively low cost.

Proguanil and pyrimethamine share one grave disadvantage, namely, a
tendency to provoke resistance in parasites subjected to prolonged contact with
cither drug in sub-therapeutic dosage.  Cross-resistance between the two drugs
has also been demanstrated. Tt is not possible to forecast at this stage how far this
phenomenon will affect their future use. Fortunately no such tendency has yet
been observed in respect of either chioroguine, amodiaquine, hydroxychloroquine,
mepacrine or (uinine,

Another important new amiimalarial drug developed in the United States
is primaquine, one of the 8-aminoquinoline serics. The researches which led to
its production were inspired by the urgent need for preventing relapses of vivax
malaria in trooops returning {rom Korea, It is claimed that the maximum
tolerated dose of primaquine is twice as high as that of pamaquin, and that it s
four times as active as the latter drug in the radical cure of zivax malaria. Since
its acoption as a routine method of trearment, the rclapse rate among the
United States personnel returning from Korea has fallen to less than one per cent.

COMMENT.

No student of malariology can {ail to he impressed by the profound influence
exerted by the exigencies of war on the development of malarta control measures
during the past 40 years,

The greatest advance in the conduct of antimosquito measures during this
period was the introduction of DDUT. This compound had been synthesized as
early as 1874, but its insecticidal properties were not discovered until 1939, when
Swiss chemists were searching for a chemical which would destroy clothes moths.
D.DUT. was first used on a large scale in the early years of the second world war
against the Colorado beetle, which threatened the Swiss potato crop at a time
when military considerations had made the preservation of all foodstuffs of the
utmost importance. The need for a synthetic insccticide has been intensified by
the shortage of pyrethbrum, the bulk of which was then grown in Dalmatia and
Japan, and in 1942 D.D.T. was made available to the military authorities in Great
Britain and in the United States. It was used with great effect for the prevention
of typhus during the Ttalian campaign and later in the war it was employed on a
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large scalc by the military authorities for the destruction of mosquitoes and other
insect vectors of disease. Although D.D.T. was already in existence when the war
broke out, the resecarches which demonstrated its possibilities as an agent for
malaria control were inspired directly by military considerations.

Wartime conditions had an even greater influence on the development of
synilictic antimalarial drugs than on that of residual insecticides.  As noted above,
' was the fact that they had been deprived of the sources of quinine during the
sirst world war which inspired the German researches which culminated in the
production of pamaquin and mepacrine, Chloroquine was evolved as a further
development of the same line of research and its outstanding properties as an
antimalarial drug were demonstrated by the Americans in the course of their
wartime rescarch programme. The investigations which led 1o the production of
nroguanil were begun because the Allics in their turn were cut off from sources
of quinine when the Japanese occupied Indonesia, Finally, as aready noted,
primaquine was produced in an attempt to evolve a safe substitute for pamaquin
for the treatment of personnel rcturning from the Korcan battiefvont.

Thus the wars which have devastated the world doring the past 40 years
have had at least one beneficial effect, in that they have stimulated the development
of synthetic insccticides and drugs which bid fair to rob malaria of most of its rerrors
and perhaps even to lead to its eventual eradication from the globe.
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THE NSATIONAL MALARIA CONTROL PROGRAMME
OF INDIA.

A Review,
RY
ANANTHASWAMY RAO.
“Deputy Director, Malavia Institule of India, Deif)
sSeprander 12, 1945,)

INTRODUCGTION.

AwarenEss of the enormity of the problem of malana, both Irom the public
health and the socio-ecconomic points of view, has existed in India through several
decades. Indeed, it had been repeatedly demonstrated lor over two decades in
different States that it was [casible to control and prevent malaria cfficiently
and urban malaria cven economically. The social and cconomic betterment of
commumities in whom the malaria was controlled, was only too obvious. Between
1046 and 1953, several States had carried out !dl"g('S(‘d]( successful antimalaria
programmes with indoor residual spray of DLDVT. in the rural areas, At the close
of the financial vear 1952-1953, about 30 million people oul of an estimated 200
miliion exposed to the risk of malatia, were being protected from the disease at an
annual cost of 13 million rupees (jaswam Smgh, 195%).

The need for and the feasibility of a national programme for malaria control
had been visualized as early as 3946 when the Health Survey and Development
Committee recommended a nation-wide effort. It was, however, in 1952 that a
plan was formulated as a part of the Iicalth development programme of the first
Pive Year Plan for the country, The Indo-American aid made it pessible (0
Launch this fitst national health drive. :

THE PLAN.

Extensive knowledge of malaria and methods of its conrol wnder widely
differing epidemiclogical conditions involving several vectors, was a great help
in the formulation of the Plan.  Although based on certain assumplions dependent
on the data available, it was dynamic, capable of modifications as and when

SR I
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necessary. The planis technically sound and hashad necessarily to be an experi-
ment in so lar as its administration, organization and excculion are concerned.
While it is true that the experience of a few nation-wide malaria control programmes
slsewhere in the world was available, for sheer magnitude, the varicly of technical
problems and the number of vectors involved, the National Malaria Control
Programme of India remains to date unique and the biggest in the world. It
is proposcd to review this programme in retrospect and prospect after three years
ol cxcention, '

Based on the assumption that 200 million people of the country’s population
arc exposcd to the risk of malaria (with an cstimated annnal morbidity of 75
million and mortality of 0*8 million}, the plan was drawn with a defined objective
w protect the entirc population at risk from further infection. The emphasis |
of the plan would in retrospect appear to be mainly rural malaria control.

The method of malaria control provided was to intercept the transmission
of malaria by the application of residual insccticides in the dwellings {75 per cent
water dispersible D.D.T. applied once or twice and rarely three times a year,
depending on local conditions, using a total dosage of 200 mg. of technical D.D.T.
per sq. ft. of wall surface annually). For over-all calculation, an average house
was reckoned to have one thousand sq. [t. of indoor surface to be sprayed. [Fach
house was reckoned to have a populaticn of five.

The plan envisaged an operational phase of three years and 4 maintenance
phase thercafter. The financial implication of the plan during the years of the
operational phase was estimated at Rs. 1,505 lakh.  The major part of this, namely,
Rs. 472y lakh, was to be American aid in kind {transport, equipment, D.D.T.),
while the Government of India was to contribute Rs. 2274 lakh for the expansion
of Malaria Institute of India and the provision of antimalaria drugs, locally
produced insecticides and customs duty on material coming [rom abroad. The
United Nations International Children Emergency Fund gave Rs. 15 lakb worth
D.D.T. The State Governments' contribution was estimated to Rs. g90 lakh to
cover the salarics of the stall employed and running expenses.

The plan provided for the protection of 125 millions only out of the 200
millions estimated to be at risk. The implementation of the programme was to be
phased to set up the required organization in the different States for the protection
of 75 millions in the first year of the plan and the full 125 millions during the
sccond and third years. Thereafier, it was expected that the tempo of the control
operations would be scaled down to the maintenance phase. It will be seen later
that some changes from the original planning had to be made, even within the
first three years,

RESPONSIBILITIES.

Direction, co-ordinalion, over-all supervision, training ol siafl, procurement
and supply of equipment, transport and insccticides and final assessment werc
allocated as central responsibilities to be discharged by the Malaria Tnstitute of
India. The States were to be responsible for the recruitment of staff, execution
of the programme, immecediate supervision and concurrent assessment of results,
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o accordane with the Gonstitutton, Public Health being a State responsibility,
it was necessary to circulate the plan and mvite the concurrence of the
Stiates o participate in the national cilfort.  Each unit of the National Malaria
Conirol Programme was designed to protect a population of onc million and the
States were requested to indicate the total number of units reguired to cover all
the malarious arcas in each, and the number they could support, It was fully
realized that the nrganization for control of malaria was not equally developed in
all the States and i was, therefore, one of the main objectlives during the operational
phase to strengthen the malaria organizations in the States wherever required, and
10 initiate them where none was present with a view to developing an efficient
organization as quickly as possibic.

IMPLEMENTATION,

Saturday, Decernber 14, 1952, wifl be remembered as a landmark in the
listory of malaria control in India when the televant operational agreement
was signed in New Delbi, between India and the United States of America,
That agreement made 1t possible to zquip and provide insecticides, transport and
cyuipment for 75 units in 1653-1954, cach upit protecting one million population.
It was found necessary, however, hy a second agreement in the same year, to
provide for 15 additional units, bringing the total for the first year to go. This
addition was made possible by the free grant of 400 tons of D.D.T. by the United
Nations International Children Emergency Fund, In March, 1954, as a result
of review of State requirements, another agreemcent was signed for 35 more units,
which again was increased by another 11 units, briniging the total to 136 to protect
136 million people in the operational phase.  ‘This number has been increased to
162 by allocating additional 26 units during 1955-1956.

It would thus he seen that out of an original estimale of population at risk,
nanicly 200 million, there still remain 38 millions requiring protection.

Despite the fact that all details of planning and logistics of supplies, etc.,
were given due constderation, there were some incvitable birth pains. Perbaps
duc o the fact that everything, excepl personnel, had to be procured from different
sources in distant America and shipped 10 this country, together with the fact that
ihe ports were not the ultimate destination of the commaodities imported and the
bottic-necks of rail and roadways had to be overcome, it took some considerable
time for the transport, equipment and supplics o be distributed to the ultimate
destinations where they were going to be used. It is a tribute 0 the zeal and
willingness of all concerned that there was at no time any avoidable delay.

Some Government policy decisions and procedural formalities resulted in
the supply of a few items ol transport and equipment not suitable for use under
the varied field conditions in the country,  The trucks, for cxample, were found
to be loo large for being manipulated underneath overhcad railway bridges, etc,
‘The power sprayers were found to be nnusable due to their huge size.  These
diflicultics were freely discussed at a conference of ficld workers and were got
over by local initiative and rectified in subsequent procurement.

The inseciicide formulation (75 per cent water dispersible powder) received
from America was from different manufacturers in that country. In addition, the
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periods of storage and transit for various consignments were different from one
another. When the first complaint was received about the difficulty of obtaining
a good water suspension out of a batch of insecticide received in the couniry, it
became necesary to inspect and test every consignment of insecticide yeceived at
the different ports before distributing them to the various States. Simple devices
for testing of the insecticide formulations, as well as for rendering them suitable
where found to be wanting in the required specifications, were quickly developed
with the full cooperation of the U.8. Technical Cooperation Mission to India.

BOTTLE-NECKS.

There was initial delay in the recruitment of siafl both in the Cenire and
in the States on account of procedural formalities. The latter have also been
responsible for long delays in procurement of supplies, It is time that necessary
action was taken to see that such bottle-necks are notallowed to interiere with the
scheduled implementation of an emergency programme like the National Malaria
Control Programme,

ACHIEVEMENTS.

‘The training of Malaria Medical Officers and ancillary personnel required,
was provided in the plan, and the staff and facilities in thc Malaria Institute of
India were suitably expanded to meet this obligation. Scventy-five medical
officers, six entomologists, 402 malaria inspectors, 14 engineers and 21 laboratory
wechnicians have been trained from 1953 onwards at the Malaria Institute of
india. The latter is fully cquipped to meet all the future training requirements
of the personnel.

To ensure uniformity of methods of control, assessment and accounting, it
was quickly realized that an operational guide was necessary.  This was prepared
with due regard to the divergent conditions of endemicity, vectorial behaviour,
nopulation density, transmission period, communications and a host of other factors.
The document was deliberately called a * Guide ” with the full knowledge that
modifications would be necessary from time to time and place to place, to avoid
harmful regimentation and provide full scope for individual initiative. A sccond
edition is already in the press.

A detailed assessment of results is being done but the over-all picture reveals
progress.  The results, however, are not, and could not in their nature be expected
io be uniform everywhere. The guality and extent of control established with
the inauguration of the National Malaria Control Programme has varied from
State to State, being morc intensive in the States where malaria control operations
had been well established prior io the national programme, and correspondingly
Jess in the States where an organization had to be built up with the inauguration
of the national plan, A few States which had a goed nucleus of malaria organiza-
ton prior to the plan, have, however, not advanced to the degrec and extent
possible during the plan. One among several reasons for this state of affairs
appears to be a conflict in ideology and policies pursued by State Governments
with reference to participation on voluntary basis of local people in developmental
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plans in general.  Such voluntary pardcipation in a malaria conuol programme
has somc obvious imitations.

To achicve successful control in the entire couniry {or even a Stale) it is
essential to spray all the houses in malarious areas for the requisite number of times
within ag short a period as possible.  The time interval between sprayings as well
as the spraying periods are governed (o a great extent, among other faciors, by the
periods of the year when malaria transmission actually occurs.  Experience has
shown thai neither of the above conditions can he effectively satisfied by utilizing
volumiary Jabour which is not amenable to any kind of control.

At the time of inception of the plan, there was no agency to manufacture
standard spraying equipment in the country and all such equipment had, therefore,
to be imported.  In pursuance of a general policy local industry was “stimulated
10 interest themsclves in the manufacture of this equipment.  Full use was made
of a specialist in the Jine, made available to the Institute by The Rockeleller
Foundation to draw up a set of standard specifications based on the World Health
Organization general specifications for sprayers, to suit Jocal conditions. The
industry in the country has in the course of two years been able fo produce standard
cquipment in sufficient number to avoid the necessity of importing this item
altogether.  Besides, the easy availability of much necded spares has helped
considerably in the smooth working of the programme.

The production of insccticides locally during the plan period to make
the country as ncarly self-sufficient as possible, by mobilizing both public and
private sectors in the country, has progressed satisfactorily. Ounc D.D.T. plant
estahlished in Delhi ag a joint project by UN.LC.E.F./W.H.O./Government of
India has gone into production with an annual capacity of 700 tons and a second
plant is proposed fo be set up in the south with a capacity of 1,400 tons, Steps
have already been taken to double the capacity of the Delhi plant.  The private
sector is producing B.H.C, and it is cxpected that an equivalent of nearly 1,500 tons
of D.D.T. would be available.

ANALYSIS OF RESULES,

The data received from the units in the monthly reporis tor the vear 1953-1954
and 1954-1955 arc under compilation and analysis. Appendices I, II and ITT
give (1) the population protected and D.DVT, consumed, 12} the malaria indices,
and {3) the morbidity figures.

Appendix T is prepared on the basis of the largest number of houses sprayed
i any one round of spraying during the transmission period and assuming the
number of people per house as five. The rccommended dosage of D.DVT.
apphlication 1s 200 mg. per square foot in two applications of 100 mg. each. On
the basis ol the assumed average square surface of one house as 1,000 {t. sq., it should
be possible to protect about cight persons per th, of D.D/T. This average of the
number of persons protected per pound of D.IVT. is hable to vary if (1) the average
square surface of a house is more or less than 1,000 sq. t., {2) if all the houses are
not given a zoo mg. dosage during the transmission season cach year andfor if
the number of persons per house is more or less than five per house as assumed.
It would, therefore, be necessary to make allowances for these variations when



318 The National Malaria Conirol Programme of India.

interpreting the data presented in the table. It would be seen that against a
minimum of 38 persons protected per Ih. in Coorg, the maximuam is 217g in
Manipur in 1953-54 and corresponding figures for 1954-55 are g'4 and 13°4 in
Coorg and Manipur respectively,

Appendix IT indicates a general trend {owards lowering of the malariometric
indices in most of the Statcs. There are, however, a few States like Madhya
Bharat, Tripura and Uttar Pradesh, where there is a reverse trend. There is
also a suggestion that some units in the States of Bombay, Mysore, and Coorg,
have reached the end-point of malaria transmission,

Appendix ITI presents comparative morbidity rates. As indicated thercin,
the difference in the number of malaria cases reported from the dispensaries in the
unit areas for the two years is multiplied by ten to arrive at the total reduction in
the number of malaria cases in the arcas controlled in each State, This cstimate
i based on the data presenied by Sinton [1939).

It will be seen that there has been a {all of nearly 19'4 million mualana cases
in 1954-1055 as compared 1o 1953-1954. It would appear that on the basis of
shree days sickness per case and a daily wage of Rs. 2/-, the amount of money
saved would be nearly 11-64 crores of rupees, very nearly the sum expected to
be spent ont the programmc for the three year period.

The data presented in Appendices T and III indicate only general trends.
Statistical analysis will be attempted later when complete reports have been
received and compiled.

COSTs,
! ;
1953-54 185455 1 1955-56
. Ras. Rs. Ras.
1. Expenditure by the Centre on equipment and | I :
material for the various units, customs doty | i
and expansion of the Malaria Institute of ¢ . !
fndia ... o BIZG6,A02 1 30040, 113 1 3.00.48,000%
3. Expendifure hy the Stawes e 1 BIBAS T L8302 - ) 000 LO00G
; : {bndget}
Towal ... 1 3,26,08,739 : 4,26,17,475 1 5,08,49,000

i Total Rs. 1,280-75 lakhs.
i

- *Rcvmcdbudgct -a;s anticipalc&.
APPRAISAL OF THE SITUATION.

‘The appraisal ol the progress of the plan has necessarily to be against the
background of the magnitude and the variety of problems involved. The working
plan has, therefore, necessarily to he dynamic, and no nigidity either in planning or
execution is indicated. Practical difficulties, some of which have been enumerated
above, have been encountered and most of them have been surmounted. It may
now be appropriate to review the original objectives, targets and organization,
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particularly for assessment of results and future policy in respect of some of the
States not coming up to cxpected standard.

At the time when the N.M.G.P. was planned, the factor of anopheline vectors
developing resistance to insecticides had not assumed the importance it has within
the last year or two. Insect resistance to insccticide was certainly known but
ohservations at that time appeared to indicate that the danger of resistance in
anophelines was not so imminent as in the case of other insects which had a lower
degree of natural susceptibility to insccticides. But recent studies indicate that
the danger is rcal.  The time taken by anophelines to develop resistance requires
16 be determined. 1t would probably vary from species to species and a namber
of factors fike dosage of insecticide, and its deterioration, cte., will affect it. In
the circumstances, if malaria is  controlied ” within the time {actually ‘ eradicated ’
would be more appropriate) in all contiguous areas simultancously, then and then
only would it be possible to interrupt insecticide spraying, and thus possibly avoid
the risk of development of insect resistance to the insecticide in use. Thus jt is
scen that the time factor has assumed considerable importance.  Once the resistance
phenomenon is allowed to develop, the problem of rural malaria control with
insecticides synthesised with chlorine, may become impracticable. It is because
of this factor that we have to re-cxamine our original ohjectives and targets
and modify them where necessary to suit present day concepts.

The objective of the plan as defined originally was to provide protection from
malaria to 125 out of 200 million cstimated to be at risk.  The scope of the plan
was extended to cover 162 million people though only about 750 lakh (75 million)
people were actually protected up to the end of March 1955. In sclecting this
population out of the 200 million, preference was to be given to those living in
hyperendemic areas, the potential food growing arcas, and for those living in
community project areas within them. The concept of eradication will involve
the inclusion in the programme of all the areas even those of very low endemicity;
and the States which have Icft out areas with spleen rates less than ten per cent
in the original planning, will have to reconsider their requirements.

As indicated already in the original plan, the operational phase was limited
to three vears. Experience of workers in this country, corroborated by the experience
clsewhere {World Health Organization, 1954), has made it necessary to extend
it by an additional period of two years, so as to continue the full control operations
for a period of at least five ycars. The point to consider now would appear to be
whether this additional period of two years, followed by the necessary maintenance
periad, would be sufiicient to achieve malaria cradication?  If eradication is to
be the goal, then ensurement of its achievement everywhere or at least in large
contiguous areas, is of paramount importance. This will require a very careful
and continuous vigilance during the maintenance period after the end point is
reached and will largely depend on the calibre and application of the wigilance
stafl in the units,

The indices to determine the achievement of eradication have necessarily
to he more sensitive than the ones we adopt at prescnt to assess malaria contrel.
They will in all probability consume infinitely more time and involve greater
expenditure in being determined. One important essential factor in  this
vonmection will be a thorough search for every new case of malaria.  Os this will
depend the rest of the epidemiological verification, investigation and measures to



220 The National Malaria Control Programme of India.

eradicate the focus. It will require intensive study 1o evolve quickly a suitable
organization for spotting now cases and their microscopical verification,

It has been indicated that cach unit of the National Malaria Control
Programme was designed to afford protection to one million population. This has
heen found to be feasible only under certain conditions of population density,
communications, etc, There are, however, areas where popalation 1s scarce and
communications scanly, in which circumsiances the units are unable to cover
much mare than pearly half a million. It may, therefore, be a morec accurate
overall estimate to place the larget at 800,000 per unit on an average.

The main emphasis of the National Malaria Control Programme was on
salarvia control in the rural areas. With large rural areas under control,
and the conception of eradication having come in the fore-front, the problem of
urban malaria has taken on a new urgency. In the light of experience and repeated
Jdemonstration in this country and clsewhere, urbap malaria control should, if
teasible, he based largely on permancent engineering measures. Such measures
arc not nnly more economical than the measures suited 1o control malaria in the
rural arcas but also take carc of general mosquito nuisapce. Where there are
swher mosquito-borne discases, indeed, the permanent engineering measurcs are
ihe oncs of choice in their prevention, the second choice being given to recurrent
anti-larval measures, To the administrators and the public, the National Malaria
Control Programme would appear to have come to mean the spraying of D.D.T.
and nothing else. Tt would sccm appropriate at this jurcture to emphasize the
need for planning and execution of permanent engineering measures and subsidiary
anti-larval measures for mosquito control in urban arcas.

SUPERVISION,

fe has been pointed out that the pace at which control has been established
Juis been greater in some States than in others, It has also been indicated that
such progress has not been uniform cven in some of the States that had considerable
experience and stafl for malaria control prior to the advent of the plan. In the
Srates where there was little or no organization to control malaria prior to the
plan, perhaps it was to be cxpected that the progress would be slow,  In view of
the above, it would appear necessary now to take stock of the situation and plan
for greater supervision where necessary.  In this connection, establishing regional
centres and utilizing the highly trained and experienced personnel, both at the
Clemtre and the Siates, to staff such centres, scems essential to achieve the objectives
e fll during the second Five Year Plan,

RESEARCH.

1t has been said that a nmique contribution te science by America flies in
making research a career and a normal avocation. The realization that rescarch
is not something that is mystic, and should be pursued in exclusive laboratories by
only a few who are removed from conditions in the field, does not yet seem to have
pervaded this country, at least not widely enough among practical nmlariologiss.
The problems to he solved are many; il is the field malariofogist that comes across
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the probleny ac first hand. It is he that most requires a solution to cach problem
in order that his work can progress along scientific lines. Many of the probiems of
the highest importance can only be solved by work in the field and would be
difficnit to tackle in the laboratory.

A number of rescarch projects covering the different aspects of the epidemi-
ology and control are in progress. The vectors of malaria in some areas like
Tripura, Manipur, Vindhya Pradesh, Madhya Bharat, have been incriminated.
The insceticidal properties of the newer synthetic insecticides and the best material
as also the most cconomical dosages of application, are under continuous study.
The normal susceptibiity o D.D.UT. of the different malaria vector species and
thelr present status after different periods of exposure to DLD.T., are currendy
under deiailed investigation. A technique for working with Jower pressures in the
spraying equipment has been developed.

Perhaps the single most important problem of the day is insect resistance to
ingecticide.  The study of the problem requires planning, definition of objectives
and prioritics-—a tremendous amount of work. It requires no prophet (o say that
postponement of this phase of activity will be {atal to the cause of malaria control.
It will not be any cxaggeration cither, to say thar all available hands trained in
rescarch in the field of malariology will have to be mobilized irmmediately to tackle
this problem if resulis and possibility of their practical application are to he
exploited before it is too late.

PUBLICITY.

It is a sad refleciion that the progress of health activities in the country,
not 16 mention the National Malaria Control Programmee in particular, did not
receive adequate publicity in the feature articles commernorating eighth year of
freedom.  The reason for this must be sought.  Ts it because ihat the National
Malaria Control Programme is not sufficiently known 1o the people and the
administrators?  And yet in otber contexis it has been stated times out of number
that the National Malaria Control Programme is one of the very few health
programimes under the National Plan that has made good progress and one of the
very few projects in the entire plan whose benefits have been within the reach of
an average housebolder, The results achieved by the National Malaria Control
Programme thus far are concreic and not irnaginary or theoretical. It would
appear that the people and the administrators have not vet felt the tremendous
aclivity with regard to prevention of malaria that is in progress in the country
on a scale unprecedented anywhere in the world.  The nccessity to get the people
and the administrators (0 {eel the progress and take a live interest, seems only
obvious. Publiciiy like everything else has to be planned and organized to be
cffective,

PUBLICG PARTICIPATION.

It is a sufliciently recognized principle that success in any large undertaking
requircs participation of all concerned in the actvity. The more active the public
participation the greater the success of the undertaking. This principle has been
emphasized in the second Five Year Plan.  What then is the practical feasibility of



722 The National Malaria Contrel Programme of India.
public participation in the National Malaria Control Programme? It would
appear to lic in the field of active cooperation with the duties of those who are
trained, employed and paid to carry out certain functions for protecting the public
from malaria. Such cooperation can only be obtained by education of the people
in the rationale of the activities,

A technique to carry the people all the way with the progress is o organize
malaria committees comprising representative members who will from time to time
meet to take stock of the situation, progress, difficulties and obstacies and take steps
to overcome them. Such committees formed at all levels like the panchayat,
municipal, district, State, regional and national levels, would help to keep the plan
alive and bring home to the people the full realization of the possibilities of a nation
trec from such a crippling discase as malaria,

ArpenDix I,
Number of houses sprayed, population protected and the number protecied per 1b. of D.D.T.

18t -5d 1954--50
praved | somed. LR pratcied et | sumed ST froteted

o omen pobsy E.D.T. ence, : (ts.) ’DDL
Ajmer oo d2gmr | 38m | 213406 : B4 | 07,080 j 65,610 | 335,300 | 501
Bhopal ol 83574 i BI887-5 1 442,870 |02 [ 183,074 1 103,065 : 915,370 ' 8%
Rihar e . 255,210 | son LTG50 | -6 | 1,502,557 jr 77,802 | 7,962,935 . 102
Bontbay S B252,09 | L3800 (10,264,995 9°9 | 3,986,300 166,812 47,421,055 ¢ 10-3
Llowrg 0304700 428 I (97,395 | 38 wa01 | 5705 z 194005 | 504
o | gaane ] 38,752 E 216,770 8 b [ 105,857 r 3,322 AI8,285 [ 99

o j} Rural | 46,120 1 73,08 | 250,600 T 70,673 [ 99,071 353,365 | 35
Mimachal Pradesh’ 30,447 | 19,899 1 157085 1 78 | ase507 | 79,133 P 02,335 ] 30
Kuch o 43,398 i 2341 1 206,610 g 09,387 34022 | 346935 | 01
Yadhya Bharat 235,738 | 196,077 | 1,175,690 , B0 | 273,446 , Camaaed 11367230 ] 4on
Madhya Pradesh 1,487,745 431,821 T AN, TS ' 16-4 | 1,558,922 U43,855 1 7,7H 810 11-2
Mianiper 3,481 790 ' 17,305 |[ 250 66,502 ; JLAG T B32500 ' 13-4
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Fripura w T zram 708 1 137,140 : 185 | 120,877 1! 40,923 604385 | 131
Uniar Pradesh 155,684 | 48,8103 | 777020 [ 180 | 200,724 I 230,793 1,015,855 )
West Beogal ... 152,713,430 1,118,167 Ezs,sgz,m ; 121 18,181,980 ! 1 AR1,459 iils,{!t'}ﬁ,‘.m-ﬁ : W




B. dnanthaswamy Rao.

Arrenprx 11,

323

Spleen rute, parasite rate and infant parasite raie in diffeveni States in India,
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nrescited as ranges in each State.

The numerator in ecach instance represenis the lowest rate

and the denominator the highest amongst the different units in operation in each Seae.
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Arpenpix 1IN,
State-wise reduction in malaria cases from the year 1953-54 to 1954.53.
MALARIA CASES REFORFELD FROM  HOSPITALS . On the agsumplion that
AND DISTENSARIES! i one o of 10 cases re-
. ! pnrtfcd lo a dispensary,
Hae Reduction i :l:::t:)ldflal‘]:f\l«l:il “faf;a" !l)?
1053-54 P95 from 1953-5¢ ¢ mwltiplyving  the  ligures
i to 1954-55. in Col. 4 by It
_______ — ; E " ; S
i, Bhopal L2056 100774 43430 | 4,534,300
2, Bihav 14,07.814 74184 3,485,400 ; R4,8H,000
3. Boumbay I 353,004 . 1,056,229 ¥ i i 377,770
b Uoory 3,430 3.210 220 | 2,200
5. Deibi 9,172 ! 7,085 2,137 21,370
4, Hinnicha!l Pradesh 1O, O #1,838 19,272 £,08,720
7. Hyderabad 104,776 s6r0 L 48038 +,80 340
3. Kuwh 18,202 1200 | 6,108 61,080
9. Madhva Bharat L1888 o, 782 ; 19,856 148,560
19, Madhya Pradesh 5,88,716 -E 1,320,674 2,565,038 | 25 380
1, Madras ... C O 1,56,099 1,830,454 25,045 | 2 56,450
12, Manipnr ol 63,280 55,813 9,447 94,470
1. Mysore : 1,953,540 1,45,003 48,477 381,770
4. Otisa 14,234 7,192 7042 ! 70,420
15, PRDSU, 1,0:3,330 £1,505 41,825 : 4, 18,2050
5. Panjab ... L 508,636 2,90,496 1,28,140 1 12,818,400
7. SBavrashira ’ 45,597 33,381 14,2146 F 142,160
14, Travancore-Cochin ... ,; 53,012 ! 5E,478 3,504 : 143,340
. ‘Prigura ... i 1,2%,339 § Hih it 36,462 F,04,0580
2y, Uiar Pradesh B5,003 644 5,355,882 47,762 4,797,620
23, Vindhva Pradesh ; 04,314 HE.7EL 29,568 255,830
., West Bengal ' 6, 18,024 ®,76,935 . 7,418,060 1 74, 19,600
Tol ! soze00r | sesserr 1 owwssyme 1 19sie

NMoter —The Director of Public Health, Andhra, has reported thal 3,507 deaihs occurred
from toajaria in 1854 as compared to 3,526 deaths in [958,
The Civi! Surgeon, Ajmer, has stated thaet there was about 40 per cent fall in the number
ol nalaria cases from 1853.54 1o 195455,
National Maiaria Control Programme dir] nol operate in the States of Assar, Jammu and
Kashunir, Rajasthan and Coalfields during 1453-535, ’
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MALARIA CONTROL IN THE PUNJAB (INDIA) WITH
SPECIAL. REFERENCE TO THE NATIONAL MALARIA
CONTROL PROGRAMME.

BY
DEV RAJ] MEHTA, m.sc,, shan.{Cantab.}.
[ Maolariologist, Malaria Ovgamization, Punmjah.;
{Seprember 5, 1933,

Tur Punjab is a horder State al the extreme north-west corner of India,
After the partition of this Province in 1947, the State has been greatly truncated
and instead of 27 districts, it consists at present only of 13 districts.  Fxcept for
the entire Kangra District and a small portion of Simla which are mountainous,
the rest of the State is a great alluvial plain which stretches from the foot of the
Himalayas to the Rajputana descrt. In other respects the country is featureless
with the exception of mighty rivers which traverse the plains and are flooded
almost every year after heavy monsoon rainfall. The affected country-side is
inundated extensively resulting in the loss of lives, property and outbreaks of
malaria and other epidemic diseases.

The soil of the Punjab is for the most part a fine silt deposited by the rivers
whose action has virtually formed the land. It is peculiarly impervious to water
in most places and this, added to the level character of the country, results in
large surface collecdons of water in the event of floods temporarily submerging
extensive tracts of the State.

Between the rivers of the Punjab are strips of country known as the ¢ Doabs .
These are situated on comparatively high level but they are not entirely safe from
being adversely affected by heavy rainfall.  On the whole, the soil is very suitable
for production of chief agricultural crops namely, cotton, wheat, sugarcane, millets,
gram, rice, etc.  There is an extensive network of canals throughout the State
which greatly help in the preduction of superior agricuttural crops, Other modes
of irrigation are by wells in the plains and * Kukls” in the hill tracts.

According to the 1951 census, the total population of the Punjab has been
cstimated at 12,641,205 spread over a land area measuring 57,378 square miles,
The distribution of the population in rg districts of the State is given below:—
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Tabte I.

Distribution of rural and urban population in the Punjab {India).

| .
! . ; -
Districi. ; Total : Rural : Urivan

l populaton.  ; populalicn. | papularion,

1 issar ... .. U Tosnges | 811940 T et
1. Rohtak .. 122046, 97087 151,059
1. Guegaom ... LEeeest o osEAL L 105
t. Karnal ... L n07eaTe T sTee6T 1 a3
5. Ambata .. LU s eesTs  2a7m0
4, simla .. 46,150 | 16,150
;. Kangra ... L 036,082 DoBe3,502 12,400
3. Hoshiarpur L LO9L986 (986,962 | jene
. Tuilundur ... Ll vessee o Ten2 294308
0. Ludhiana ... b seste5 1 o228 205,857
ii. Ferozepore I LA2GE20 | 10143 15082
12, Aanestsar ... ' 1,367 040 G54,333 4438 Bt
1. Gurdaspur 831,204 GR8.0% L3, 2460
Total ... 12,841,205 E 10,240,275 © 2,400,932

As i usual in India, the rural population greatly exceeds the urban, being
ncarly cighty per cent of the total. There are only three cities namely Amritsar,
Jullundur and Ludhiana with a population exceeding 100,000, The housing
conditions are more or less similar in the rural areas of the State. The villages
consist of solid mud built houses, lying compactly around the agricultural lands.
In the hill tracts, however, a village is conventional aggregate of small hamlets
known as ° Tikas® which are remotely scattered according to the situation of the
agricultural land of the villagers. The houses itn the hills are usually smallex as
compared to those in the plains,

The partition of the Punjab during August 1947 involved considerable
exchange of populations between the East and West Punjabs—the latter baving
Hecome part of Pakistan. This exchange had a tremendous influence in introducing
nalarial conditions in some of the hitherte non-malarious tracts of the East Punjab
where the anopheline potential was high. On the other hand, certain highly
rnalarious tracts such as the Bet arca of Ludhiana District, which was populated
predominantly by Muslims, had shown substantial lowering of malarial incidence
after this mass exodus of infected Muslim population,

The normal climate of the Punjab is characterized by extremes of cold and
hot weather, The cold weather gradually gives way to the hot weather at the end



Dev Raj Mehta. 329

of’ March, from which time it gets steadily hotter, and the relative humidity gets
steadily less and less il the middle of June when great extremes of heat and
dryness are normally experienced. The monsoon breaks suddenly usually about
the third week in June, with a consequent increase in the relative humidity and
decrease in the maximum temperatere,  The minimum temperature at night
remains praciically unchanged at about 8o°F.  Perwodical rain falls throughout the
monsoon during July and August, gradually diminishing in September, when the
rclative humidity again decrcases. Gradually the winter is ushered about the
middle of November, It has been observed (MacDonald and Majid, fg31) that
the monsoon is the sole apparent climate controlling factor in the spread of
malaria, the amount of rammfall influcncing the number of breeding places, and
the associated incrcase in humidity, which lasts just as long and no longer than
the monsoon, making it possible for the anophelmes to Jive a long time and
consequently 10 be capable of transmitting malaria,

INCIBENCE OF MALARILA.

Nearly seven million out of a wotal populaton of nearly 126 million in the
Punjab hve in rural malarious (racts. This disease is chiefly prevalent in the
plains of the Punjab but in the hili-tracts at an altitude varying from 2,000 to 4,000
feet above sea-level, it bas been reported to be very active. Extensive areas in
Kangra District are known to be highly malarious and in certain parts conditions
of malaria} hyperendemicity have also been recorded.

Malaria i8 endemic almost throughout the Punjab and manifests itself chiefly
in the plains from August to November,  In the Kangra bill-tracts, the malaria
transmission commences a month earlier owing (0 comparatively more favourable
conditions of tcmperature and humidity.

In the plainy of the Punjab, 2 very large number of endemic tracts exist
which although may not exhibit epidemic conditions for years, arc in some ways
so predisposed to them that on a certain minimum of rainfall they will become
the seat of epidemic malaria. Such tracts are Jocated mostly near the rivers, In
addition, there are other areas which are not obviously viverain but nevertheless
behave in the same way. Such tracts wsually receive much of the drainage from
the district in which they are situated.  The foot hills throughout the State, more
particulatly ncar the Siwaliks in Hoshiarpur District, develop epidemic conditions
in this manner. Such tracts not only casily become affected but exhibit a high
degree of malarial intensity,

As a measure of the endemicity of malaria the spleen and parasite indices
have been studied during the course of malaria surveys conducted in different
parts of the State in the recent yeats.

Before the National Malaria Control Programme was introduced in the
Punjab, the spleen rates amongst children under ten years of age in some of the
important endemic ateas of the State were as under:---
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lSuburimn area.
.
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Disirier, . Locafiry. 1 Spleen raie
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I Thancsar Poagen
Rajicla : 347
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Grgauvn I 1 ¥hauj s R
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It is evident that conditions of high cndemicity and  hiyperendemicily
prevalled in the Punjab before the National Malaria Control Programme was
introduced in 1g953.

Three species of malarial parasite, namely, P. wivax, P. falciparum and
1. malarie have been detected in the blood films cxamined from various parts of
the State.  The last-named species is, however, very much restricted in its
distribution,

At intervals of years, wide-spread epidemics of malaria are bable to oceur
in this Statc. The disastrous epidemic of malaria which broke out during 1908
in the Punjab, was of such a type where, in the space of three months, it occasioned
over 300,000 deaths amongst a population of approximately 20,000,000. Even
before this, malarial epidemics of marked intensity had been experienced in
1868-6g9, 1877-98, 1895-96 and in 189g-1900 {Gill, 1ged). Subsequent to the
vear 1gog there have been several epidemics of malaria but (he outstanding
outbreaks were recorded in the vears 1917 and 1929, 1942 and raso.  Such
epidemics of malaria usually develop during years of excessive monsoon vainfall
associated with overflow of rivers following a series of vears in which the rainfall
has been in defect, and the greater the number of years which have clapsed since
the last epidemic year, the more likely is an epidemic to occur,

As a result of the study of distribution of these malaria epidemics during the
jong series of years, it has been found that the districts of the Punjab vary in their
liability to experience visitations of epidemic malaria, For instance, they do not
accur in any part of the Himalayas, although Kangra Valley i one of the most
intensely malarious tracts, The precise location of such wide-spread epidemics of
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malaria is more or less restricted to the low-lying plains which are liable to
inundation,

Amongst the chief factors which complicate malaria problem in the Punjab
may be included (1) flooding of the rivers and the associated storm-water channels
after excessive monsoon rainfall, (2) canal irrigation, {3) uncontrolled flow of
storm water from hill sides into the adjoining low-lying plains after heavy rains,
‘4) extensive swamps in low-lying areas which receive local drainage, as in
Gurdaspur District and (5) the impounded water as a result of the construction of
protective embankments in certain districts.

At least nine districts in the Punjab, namely, Gurdaspur, Amritsar,
Ludhiana, Jullundur, Hoshiarpur, Ferozepore, Karnal, Rohtak and Gurgaon
are liable to mundations to a greater or lesser extent almost every year following
vxcessive monsoon rainfall when the rivers Ravi, Beas, Sutlej and Yamuna are
in spate. Owing to the impervious nature of the soil, the flood water is retained
for a sufficiently long period to create malariogenic conditions in such tracts,

Tt is true that malaria has followed canal irrigation in the Punjab by raising
the level of subsoil water and created swampy conditions in the adjoining areas.
Canal irrigation has become gravely prciudicial 1o health in arcas where it has
been improperly carried out. Most of the districts in the Punjab, which are
iraversed by the great canal system, have become greatly menaced by malaria,

In the hill tracts, the high incidence of malaria is usually associated with
paddy cultivation which depends on the water supply from * Kubls’ arising {rom
hill-streams. :

MALARIA TORECAST,

The Punjab perhaps claims a unique position inasmuch as it is only in this
Staic ihat attempts have been made to develop and bring into administrative use
a method for forccasting epidemics of malaria, This method, as elaborated by
Gill {1928) and Yacob and Satya Swaroop (1944}, utilizes information pertaining
1o rainfall, enlargement of spleen amongst school children, economic conditions,
and the variability of malarial incidence in individual localities recorded in
previous years,

This forecast, which is issued cvery vear in the beginning of September,
has proved of considerable value in past years in indicating areas in which more
than ordinary prevalence of malaria has in fact subsequently occurred. A
malaria forecast of this type is certainly invaluable to a State which is every year
exposed to malaria epidemics owing to the vagaries of monsoon rainfall,

ANOPHELINE FAUNA,

There are at least thirteen specics of anopheline mosquitoes found in the
Hasi. Punjab, These are listed below:;—

A. culicifacies A. maculatus
A. fluviatilis : A. annularis

A. stephensi A. pallidus



Dev Ray Mebta, 333

A, lindesayt A, subpictus.
A. pulcherrimus A. barbirostris
A. splendidus - A. gigas simlensis

A. hypreanus

Of these anophelines, .. cudicifacies is the accepted chicf vector of malaria
in the Punjab. This is evident from the following results of dissections, carried out
by different workers from time to timet—

T : T 1

Observer. | Species dissected. Mumber ¢ Gut | Cland
o . ; dissected.% infected. E infectad.
Perry {1810) 1 A. eulicifacies C e L
Gill and Singh (F917-20) | —do— Lo |
Chowdhury (1930) ... | —do— w2 15
Hicks and Majid (J931-30) L o Dests 1o 32
Mehta (1040-42) ... o —dom Do | w0 | 6
Gill (1925) " A. stephensi ST 3 3
Chowdhury {1930} ... o 3 'l
Hicks and Majid {1931-36) 1 —do— Poam 10
Mehta {1940) | A stephensi T T
Chowdburey (1930) ... ; A fiuviatilis P 3
Hicks and Majid (19491-36) I — T P31 10
Mehta (19441} ! el i 146 !
Mehia { i840) A maculatuy - 21 !
Mehta (1940} A. patlidys L s
Chowdhory {1930} ... —tlo.— l 7 ‘l e 1 .
Chowdhury {1934} ... oo | Aa splendidus 24 I
Hicks and Majid (1931-36) .. | —do— P ‘
Mechta {1910) —do—- I 2
Srephens and Christophers (1903%) A. subpictus ; 446 ? .
Gilt (1517) el 1 2 , ; .
Hicks and Majid (1931-36) ' —do.- Pose |
Hicks and Majid (1931-96) ‘ A. anvdaris P 208 l )
Mehia (1940) f —do,— % 195 E . .

From the above data it would be evident that Anopheles stephensi and A.
fhviatilis have also been incriminated in the carriage of malaria. According to
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Covell {1927), sporozoites were detected in the salivary glands of 4. willmor:
James by Adie {1911) in the Kangra Valley. The precise réle of this species in
the transmission of malaria is being studied.

The dissections of A. culicifacies during different months of the year have
indicated that the transmission of malaria is active chiefly from August to October.
It view of the fact that the transmission is so restricted, the measures aimed at the
destraction of anopheline vectors have 1o be regulated accordingly.

PREVIOUS HISTORY OF ANTIMALARIA WORK IN THE PUNJAB.

I'he first serious attempt (o study malaria problem in the Punjab relates
to 4 report of a committee assembled (o enguire into the salubrity of the area near
Karnal watered by the Western Jamuna Canal (Dempster ¢f al., 1847).

In the year 1908, the Punjab was visited by a regional malaria epidemic of
marked severity in consequence of which an Imperial Malaria Conference was held
at Simla during October 1909 and this led to the creation of the Punjab Malaria
Burcau. The [unctions of this institution were confined solely lo the study ol
malaria in this Province. Sometime later Christophers {1911} wrote a com-
prehensive memoir entitled * Malaria in the Punjal’ which cmbedied a scientific
exposition of the intricate malaria problems of the State. These findings laid
the foundation for further investigations on malaria (Perry, 1911; and Gill, 1914:
1915:1917:1920:1921:1923:1924:1928),

During the subsequent reorganization of the Public Health Department,
Punjab, in 1923, the scope of the Malaria Burcau was ¢nlarged so as to include the
investigation and control of other epidemic and cndemic discases also. This
resulted in weakening the efforts towards the study of malaria. In the year 1939,
A field epidemiological unit was set up which was responsible for conducting
malaria investigations and instituting antimalaria measures which consisted chiefly
of the destruction of anophelines by pyrethrum sprays and administration ol
antmalaria drugs o the sick.  In addition limited anularval measures were also
applied,

At the recommendations of the Bhore Committee (1946}, 2 malaria organiza-
tiont was set up for the State with its headquarters at Labore but before it could
establish itself, the Punjab was faced in 1947 with partition based on political
considerations.

Prior to the year 1gjv, antimalaria measures were applied in the Pungab
m a very restricted manner by the provision of a small antimalaria unit in each
district und consequently feverish cndeavours had to be made whencver serious
vutbreaks of malaria were reported.  Such recurring measures proved very
expensive and helped in providing relief only for the time being. .

In the year 1950, the antimalaria policy was revised under the guidance of
Li-Colonel Jaswant Singh, Director, Malaria Institute of India. Accordingly,
the existing State Malaria Organization was expanded with its headquarters at
Karnal. This organization includes malaria and entomological laboratories where
specialized investgations on malaria, biological assaying of inscciicides and other
cognate problems are conducted. In addition, two antimalaria demonstration
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unus were set up lor combating reral mataria in Karnal and Gurgaon Districts
and another malaria control project unit was detailed to demonstrate if malaria
could be controlled in a bhadly affected urban tract hke the city of Amritsar,
During the period from 1he year 1950 0 1952, the number of demonstration teams
was raised to five and these amply showed that under proper technical direction
and control, a substantial lowering of malarial incidence could be achieved by the
mdoor application of insecticides such as D.D.T. and B.H.C.

NATIONAL MALARIA CONTROL PROGRAMME,

In the vear 1g32, the total population protected against walaria by the
State Malaria Organization was nearly four lacs {04 million) which involved an
expenditure of nearly Rupees 2,61,000.  This inadequacy of the protection afforded
against malaria was realized by the Punjab Government carly in 1953 when a
hold and outstanding decision was 1zken to partcipate in the National Malaria
Clontrol Programme initiated by the Government of India under the Indo-American
Point-IV  Agreement.  During the year 1953-54, the Punjab  Government
carmarked o sum of Rs. 7,47,700 towards this programme and the Government
of India’s contribution was nearly Rs. 11,98,004. This assistance was in the
shape of granis of D.D.T., antimalarials, motor transports, and essential spraying
equipment provided through the Technical Cooperation Administration. The
expenditure on the operational costs was borne by the Punjab Government, In
thiis manner, four malaria contral units were created for operation in arcas worst
affected by malaria in Gurgaon, Karnal, Rohtak, Ambala, Ludbiana, Ferozepore,
Gurdaspur, Amritsar and Kangra Dhstricts.

Inensive antimalaria operations consisted  chiefly of indoor spraving of
village houses with five per cent DT, watery suspension at a dosage of 100 mg.
per square fool twice daring the malaria scason.  These operations  were
commenced during July 1953, 1 nine out of the 13 districts of the State,  In the
remaining districts, routine antimalaria mcasures were apphicd by the normal
anti-epidemnic stafl’ on siniifar hoes under the District Mcdical Ollicers of Health,

Each malaria control unit comsisted of one Medical Malavia Officer
‘Gazetted), cight Malaria Inspectors, 23 Sanivary Supervisors, 120 Sanitary Beldars
{field workers), five Motor-drivers, five Cleaners and one Mechanie, In addition,
adequate personnel had been provided for the office of each unil at Gurgaon,
Karnal, Gurdaspur, and Ferozepore. The mobility of the four Malaria Control
Units was ensured by the provision of four tracks and one jeep for cach unit.

The programme of work was framed in advance taking inio consideration
the requirements of the ureas to be served.  In this manner, a towal of 8,03,056
yooms i 2,526 villages were sprayed with DT, 0 afford protection against
malaria. In addition, antimalaria drugs were administered by these units to
10,142 malaria cases, By the application of these incasurcs nearly 14,00,000
population was directly protccted against malaria,

These operations were also extended (o deal with communily projects of
Faridabad, Sonepat, Nilokheri, Jagadhri and Batala, where 2,00,999 persons were
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protected against malaria, The community projects, as conceived by the
Government of India, have been designed to promote the pre-requisite for
additional productivity, such as can cater for all the basic elements of rural life.

Assessment of the first vear's work under (he National Malaria Control
Programme in the Punjab indicated that although the target in regard to the total
population (o be protected could not be reached, still there had been a dramatic
effect on the life of the people served by this project. A reduction of 50,000
malaria cases was recorded in the recognized hospitals and dispensaries of areas
in the State served by the National Malaria Control Programme. In addition,
:here was a striking reduction in the spleen and parasite rates amongst the children.
Similarly, there was a conspicuous lowering ol the population density of mosquitoes.

The outstanding evil influence of malaria is directed towards the great loss
of man power in industry and agriculture. The economic gain to the Punjab,
as it affected the ¢ Grow Morc Food ’ campaign in the year 1953, has been estimated
for Karnal and Ferozepore Districts, It has been revealed that there had been an
merease of 1,30,562 acres in the arca cultivated in three tehsils namely, Karnal,
Panipat and Kaithal during the period from July to December 1953, as compared
to the preceding year, Similarly, it has becn estimated that therc has been an
mecrease of 11,327 acres in the area under paddy cultivation alonc in three wehsils
mentioned above which equals, by a modest official estimate of Rs. 126 per acre,
10 a sum of Rs, 14,29,202. This increase in the area under paddy cultivation
has been veported only in the case of three tehsils in which intensive antimalaria
measurcs have been carried out during 1953. On the other hand, in Thanesar
Tehsil of Karnal District which could not be included in the National Malana
Control Programme there has been a marked reduction in the arca under paddy
cultivation.  Similarly there has been an increase in the area under paddy cultiva-
tion in Ferozepore District 1o the extent of 4,834 acres in 1953 as compared to the
previous year which al a modest estimate equals Rs, 6,035,084, Similar data is
being collected from other districts also and it is expected that the net economic
zain to the Punjab would definitely repay to a large extent the expenditure on
malaria control programme {Rs. 7,47,700} incurred by the Punjab Government
during 1953.

Encouraged by the results obtained, the Punjab Governmest extended their
antimalaria programme so as o cover the entire State during the year 1954.
For this purpose, seven malaria control units, including the existing four units,
were raised at an expenditure of nearly Rupces 108 lacs {1-08 million), Once
again the Government of India, through the Technical Cooperation Mission,
agreed to provide the required quantities ol D.ID.T., motor transports, cssential
spraying equipment, ctc., at an approximate cost of nearly Rupees 85 lacs
{0.85 million),

Seven malaria control units were accordingly raised, equipped and trained
by June 1954, when intensive antimalaria operations were commenced throughout
the State. The disposition of these seven unmits, total population to be protected
and areas to be covered are given below:—
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* Area to be Population fo be
' ntis, . covered. protected.
- (sq. miles),
i. Gurgaon Unit. *
Ghargaone Distriet . U A {21 7,146,089
: 04D A1)
Raobitak Thstrier o 90y 283,015 )
3, Karnal Unit,
Reheak Dagtrict ., b B268 577016
i 11 2HD M3
Kaenal Disirict R 3241 11 8,225 |
1. Ambala Linit, :
Karnal Disiriel .. {420 1,58,0307
: i
Ambela Phisteiet L L 460 -0 4,24 481 r 10,003, GO0
Hoshinrpur Thsiriet o 7840 :1,8?,4-8!”
1. Iuilundar Unit.
[
Ludhiana Districe . GBR-3 3,85,690“‘
Juthunctor District i 38401 3,01 002
: %. 11,001,000
Hashiarpur District . BELALE EAE 1
Amritsir Bistrict e (IR 1 l,!!iﬁj
1. Kangras Unit.
Kangra Diswrict e 3,020 5,64,0607
Crardaspur THstriee { [ILRCGIRV{TY
Nrathankot and Gurdaspur Vehsila R 1,358,040 |
5. Gurdasper Unit. ;
Ciurdaspur District o B 3,24 0406
_- ML, EE8
Aunritzur Mistrect e 9rt-e O BIT,068 )
7. Ferozepore Unit.
Amritsar District EB L 13,087)
Frerozepore Iisirict . l 2,080 0i T,.41,063 TU3, WD CHH}
fHissar Diswvict ... 130600 255,000
Potal oo 18070026 L 5001,118
|

These units conducted malaria surveys in hitherto uninvestigated areas of
the Statc duwring April and May 1935 and intensive antimalaria operations were
commenced during the following month, The technique employed in regard to
the functioning of the malaria control units was in conformity with the instructions
contained in the * Operations Guide® issued by the Malaria Institute of India, In
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this manner $3,42,333 persons living in 5,868 villages were protected against
malaria. In this connection 20,24,400 rooms were sprayed with five per cent
0.D.T. watery suspension at a dosage of 100 mg. persquareft. onceor twice during
the malaria season depending on the requirements of the areas served. In addition
to this measure, resochin was administered to the sick in the villages,

Agsessment of the antimalaria work carried out so far has revealed an
unprecedented reduction in the number of malaria cases in the Punjab during the
vear 1954 as compared to the previous vears, This is evident from the data
reproduced below —

Year Number of malaria cases recorficd
in the hogpitals and dispensaries
of the State,

1950 . 6,80,059
1951 PWIL775
1952 516,777
1953 5,08,630
1954 . 3,80,406

It will be observed that there has been a reduction of nearly  3,00,000
madaria cases during the year 1954, as compared to 1950 when residual insecticides
had not been brought into use for malaria control on a very large scale throughout
the State (Chart 1).  This reported reduction pertains Lo the records in recognized
Sovernment dispensarics and hospitals, Considering that a very large number of
the affected population do not visit such centres of medical relief, it is expected that
the total reduction in the number of malaria cascs throughout the State during
e whole year must be very great. Similarly reductions in the (7} spleen rates of
children, (i) parasite rates, and {#t) number of mosquitoes have been observed
-Appendix I}

The transmission of malaria has been considerably reduced as indicated by
pronounced lowering of infant parasite rates in all the arcas served by the National
Malarta Control Programme in the Punjab.

Prom the loregoing account, it is cvicent that there has been a reduction of
nearly 4,00,000 malaria cases during the year 1954 as compared to 1950 when
residial insecticides had not been brought inte use for malaria conirol on a very
farge scale throughout the State, A case of malaria usually incapacitates 4 person
tor at least three to six days of his wage carning capacity, At the lowest daily
rate now provided by the various Governments, this involves a loss of Rs. 12 per
head on account of a single attack of malaria. It is, therefore, evident that nearly
Rs. 36,00,000 were saved in terms of wage earning capacity of 3,00,000 persons
protected from attacks of malaria during the second year of the National Malaria
Comtrol Programme 1 the Punjab State,
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A substantial reduction in the number of fever deaths has also been reported
in the Punjab during the year 1954. The relevant data are given helow i

Year. Total mumber of fever deaths,
19730 2, 10,001
1951 1,33.871
F952 163,140
1953 1,384,858
T54 - 1,125,005

v will thus be observed that there had been a reduction of nearly 85,056
fever deaths in 1954 as compared to the year 1950 (Chart 2).

It is emphasized that upart from other advantages on account of the saving
ol 85,956 lives, there had been a net saving of Rs. 42,97,800 which would have
heen spent on unprofitable fineral expenses.

COLLATERAL BENEFTTS,

Amongst the collateral benefits, as a result of intensive antimalaria operations
i the Punjab, may be mentioned a substantial reduction in the population of flies,
fleas, etc., which are usually abundant in the villages. There is, however, no
vard-stick by which this could be measured except that three is considerable public
apprectation in this ficld as manifested by the growing demand for D.D.T. spray
even in arcas where malarial incidence is extremely low,
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CHART <.
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fn the Punjab, complete control against plague was effected in the year 1950
by ihe use of residual insecticides chiefly in the indoor rat harbourages. This
control has been effectively maintained up till now chiefly by indoor D.D.T.
spraying which has been carried out under the National Malaria Control
Programme.

The available data also indicate tha: there has been substantial reduction
in the number of total deaths due to diarrheca and dysentery in Amritsar District
since the year 1951 when indoor spraying with D.D.T. and B.H.C. was carried out
on a large scale for protecting the population against malaria. The relevant data
are reproduced below :—

Toial deaths due to diarrhera

Year. and dysentery.

942 973

943 933

1944 N 015

1945 . 647

1046 . 871

1947 e 1,14%

1948 714

1949 619

1950 806

1951 4891 Mass indoor spray-
1952 4471 ing with residual

1953 453)  insccticides.
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CONCLUSIONS AND SUMMARY.

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

Besides the lowering of malarial incidence there has been considerable saving
of human lives. Tt has also been possible to improve the economic condition of
the people by antimalaria operations. A healthy and productive population is
the basis of national cconomic progress which malaria definitely 1nhibits. The
National Malaria Control Programme was introduced at a very critical stage in
the political life of the Punjab State which had been badly hit by partition during
the year 1947. The alleviation of human suffering by intensive antimalaria
operations has to a very large extent been responsible for the upgrading of the
economic status of the people.

Judging from the success attained and the progress maintained so far, it is
expected that the incidence of malaria would be driven to a very low point during
ihe next few years as a result of the National Malaria Control Programme, Having
stopped malaria transmission, efforts wifl be concentrated on ‘strategic control’
in order that malaria may not reappear.
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AppenDrx I,

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

t
! Spleen rate Spleen rate in
Districr. Locality. hefore NNM.C.P. November, 1954
; {per cent}, {per cent).
Kangra Nurpur 43-0 5@
Shahpur 243 16-2
Jowali ... -k 5.8
Dera Gopipur 580 LA
Jowalamulhi 22-9 I1-4
Kulu ... 331 13-
Indaura 66 148
Ciurdaspur Narot Jaimal Singh 281 M-8
Behrammpur 411 I-0
Dera Baba Nanak 25-4) 25
i Siri Gobindpur ... 278 4-8
Amrilsar | Patii ... 70-1 B3
i Ram Das 270 2.9
i Taran Taran 24 -5 5
i Ajnala 216 i 4-1
Lopoke 29-8 13-4
i Majitha 216 i 29
. Chabal e 24-2 : 3-3
: Amritser (suburban) 400+5 : 53
- 1
Ferozepore . Guru Har Sahai .. ; 89-3 ! 3-0
: Zira ... : 493 ! B2
Dharamkoti - i 22-1 ; 52
! i
Liucdhiana : Sidhwan Bet i 476 240
! Machiwara ! 21-1 i 71
1 :
Hushiarpur . Santokh Garl i 31-} | 53
i Garh Shanker .. 3 25 ! 15
Haiipur 2¢-9 i 213
Karpa] - Tndri ... ! 380 i i3
Thanesar ; 260 ! 1.4
Khajgipur i 34-3 ! 1-3
. : i
Roheak Gohana ] 338 i EN
. Juan .. i 22-9 i R
1 i
Gurgaon Dhayj e : 528 12-9
: Sohna 53 : B4
Hassanpur : 452 : 13-7
Punahana - ! 5.2 | -4
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THE CHANGING ASPECT OF HAND-OPERATED EQUIPMENT
IN MALARIA CONTROL.

BY
FRED W, KNIPE.
{The Rockefeiler Foundation and the Malaria Institute of India.)

i July 28, 1953

Puprication of the Silver Jubilec issue of the Indian Fournal of Malariology
prescnts an appropriate time to review some of the important changes made during
the past half-century in hand-operated malaria control equipment, as well as some
of the reasons for the modifications and improvements.

The stages of development might be loosely divided into three periods. The
first of these periods began a number of years before recognition of the vector of
malaria which occurred in the late 18g0’s. The second period began ahout 1930
when attempts to control the disease through spreading of larvicides were expanded;
this was a time when concentrated efforts in comparatively small-scale control
programmes were the practice. The third period began about 1940, when control
of mosquito larve was replaced by control of adults in their natural resting
habitats.

Hand-operated equipment of one kind or another was used throughout the
three periods, in limited quantity during the first period, but in increasing volume
as programme reguirements increased. It may be of interest to note some of the
alterations which came about with changing techniques in control measures.

Even before the Anopheles mosquito was identified as the transmission agent
of malaria, “ oil ” was spread on water surfaces {rom time to time to control
mosquito breeding.  As carly as 1892, practical application techniques for spreading
oi! were developed by Howard (Ginsburg and Rudolfs, 1941). Thereafter oil
was the only larvicide extensively uscd until 1918 when Thibault experimented with
pyrethrum powders in dust form (Barber, 19414). Despite the development of
pyrethrum powders and other products for malaria control, however, oil in one
form or another, sometimes combined with other toxicants such as paris green or
D.D.T., has always remained one of the principal larviciding agents,

A very great change in larviciding technigques came about in 1921 when
Barber and Hayne demonstrated the practical use of paris green diluted with an

( 343 )
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inert material such as road dust {Barber, 19418). The use of this mixture became
standard procedure and remained so until 1936 when Barber suggested a
modification—paris green diluted with oil {kerosene} in the presence of egg albumen
‘Barber, 1941¢), instead of road dust. When D.D.T. came into prominence,
it was used in solution with oil {naphtha) to improve the quality of the larvicide
‘Russell et al., 1946}, These, then, were some of the popular materials developed
1o control mosquito larve, To disiribute these matenals, hand equipment of one
type or another was used.

Pyrethrins, the toxicant clements in pyrethrum, were first used to destroy
adult mosquitoes late in the 1930’ (Thornton, 1935). The toxicant was dissolved
in kerosene and applied as a space spray. The efficiency of the method was
proved in India early in the following decade {Russell ¢f al., 1943}, and for a time
this spray solution was widely used in spite of its high cost and its lack of residual
killing properties, '

Pyrethrum space sprays do not compare, though, in overall residual
effectiveness, with the newer toxicants represented by chlorinated hydrocarbons,
commonly referred to as the D.D.T. group. These sprays, properly applied to
the resting places of adult mosquitocs, have brought about radically beneficial
results in malaria control throughout the world.

Any agent for mosquito control must be applied, Whether the agent is
oil, paris green, pyrethrum, or D.D.T., it must be distributed by some type of
equipment to the resting place of the larve or the adult, For a long time
the development of such equipment was left mostly to chance. Certain types,
{or instance knapsack sprayers, were taken over from other fields with little attempt
t¢ modify them in relation to the new problem. In fact, no active effort was made
to develop hand equipment for malaria control until pyrethrum came into use as
a space spray.  Since then more and more attention has been paid to this problem.
The movement has gained impetus in recent years due to Jeadership of the World
Health Organization Expert Committee on Insecticides. Through its efforts,
standardization of hand-opcrated equipment has rapidly advanced to the point
where spray equipment manufacturers everywhere actively seek the Committec’s
advice,

In the early days of larviciding, when oil was first uscd, it was apparently
applied with any tool at hand. Sometimes the oil was poured direcdy on the
water surface from a container, and spread only because of its repellency toward
water. No effort at cconomy was made, and no spreading agent was
knowingly employed. Sprinkling containers of the garden type were f{requently
used, perhaps the first equipment employed to dispense oil on water as a mosquito
control measure. Once malaria transmission had been linked to the mosquito,
knapsack sprayers such as those used in agriculture were taken over and used
without modification. Throughout practically the entire larviciding cra, only
slight improvement which could be directly attributed to malaria control influences,
was made in this apparatus. Even today, wherever the knapsack sprayer is still
used it remains the same heavy, cumbersome oiler. No real attempt has ever
been made to improve the quality of discharge from the nozzle tip in order to
sceure better spreading of the larvicide.  Actually, little thought was given during
the carly years to the improvement of larviciding by use of oil; today, because of



Irred W, Knipe, 345

the efficiency of other control methods, so fittle larviciding is carried on that
specialized equipment for this means of control is hardly considered necessary.

The knapsack sprayer may be symbolic of all hand-larviciding oil equipment.
Tt was pressed into service, performed a useful function without undergoing exten-
stve alteration, and has been almost entirely replaced by techniques better suited to
the solution of the problem,

When Barber and Hayne developed the technique of destroying Anopheles
larvie by spreading paris green on water surfaces, they recognized the need for
using a very small guantity of paris green per unit of water surface. Conse-
quently a way to dilute paris green had to be devised; and it was necessary to
find some inert material with which the toxicant could be mixed. Ordinary road
dust became the popular diluent.

It was quite a task to prepare this diluent. First the dust had to be
collected, and in malarious areas it was not unusual to see gangs of men along a
well-travelled highway assiduously collecting road dust.  Then the dust had 1o be
screened; an efficient hand-operated device was construcied for the purpose,
This device was probably one of the first pieces of cquipment designed primarily
for use in malaria control; another was the mixing drum for combining the dust
with the toxicant, Such equipment is now usually found only in museums featuring
discarded control methods.

After a proper larviciding mixtare of paris green and dust had been prepared,
it stl had to be distributed. A common early method was to put the mixture in
a bucket and throw it by hand onto the water surface. Hand bellows, to which a
simal] hopper containing the mixture was attached, were also used. A pipe carried
the mixture from the hopper to the tip of the bellows, where ejection under low air
pressure took place whenever the bellows was operated.  This outfit had advantages
over hand disteibution; but the low capacity of the hopper, as well as other draw-
backs of 2 mechanical nature, weighed against great populasity of the apparatus.

Probably the most popular equipment {or the distribution of road dust was
a type of knapsack duster, held on the operator’s back with straps. It consisted
of a hopper with a capacity of about one cubic foot of mixture, and a bellows
arrangement, activated by a hand lever, which pumped air under low pressure
and fair volume into a small compartment of the duster. This compartment was
automatically refilled with dust. Air pressure agitated the dust. The dust-air
mixture escaped through a distribution hose and was deposited on water in fairly
uniform quantity. Although many modifications of the apparatus were developed,
the principle of distribution remained practically unchanged. Distributors of
this type continued in use in diminishing numbers as long as the road dust-paris
green technique survived, or until about 1937-38.

Beginning ahout 1930, demand slowly grew for improved equipment,
particularly for hand-operated dust distributors with rotary blowers. As with
the knapsack larviciding raachine, these rotary hlowers were borrowed fropl
agriculture and were not efficiently designed. The difficulties experienced in
their use were many indeed. Because most of them were badly assembied, they
leaked dust through every seam. In addition, liitle attention had been paid to
** balance 7, with the result that prolonged usc tired the operator excessively, Air
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passages were not streamlined; this resulted in low-grade dust distribution. Gears
and cranks were crudely made. Air vents and accompanying fans were not
constructed to render maximum air delivery with a minimum of effort. One
example of such equipment was a square box referred to by the makers as 2 venturi.
It was used as a mixing chamber for air and dust. This box, in no sense a venturi,
frequently became clogged and cavsed endless trouble. Furthermore, as the
operator walked forward to dust a water surface, he had to turn the crank coynter-
clockwise, in order for the apparatus to function at allf

Considerable improvement was made in this type of distributor during the
following six or eight years, until the rotary duster was no longer cxtensively used
for malaria control. Possibly due to the need for a better product for malaria
operations twenty years ago, this machine is much more substantial and dependable
roday and is still extensively used in agriculture,

A very important revolution in equipment was brought about after 1936
by the introduction of Barber's wet method of paris green distribution. This
method soon eliminated road dust as a diluent. It was no longer necessary to
colect, screen, and store vast quantities of dust; nor was it necessary (o mix and
distribute tons of powder, Instead, an operator carried with him sufficient
kerosene-paris green mixture to last one day. Water was always available to
dilute the mixture to proper proportions.

This system of larviciding required completely different equipment, a type
best operated by developing air pressure in the mixture container. The mixture
was cjected through a primitive type of nozzle in the form of a spray which readily
spread a thin film over the water surface. The apparatus was the forerunner of the
hand-compression sprayer so exiensively used in residual spray operations during
recent years. These original hand-compression sprayers had mechanical and
structural weaknesses, but they were the most efficient tools used for malaria control
through the kerosene-paris green control period.

Other types of equipment were put nto service during the late 1930°s and
sarly 1940’s. These were, in fact, the real pioncer years for designing equipment
adapted to malaria control. Most equipment proved inadequate for the proper
distribution of insecticides, however, uniil about sg40. Since then equipment
has been designed more and more to meet this specific problem.

One type of equipment worlhy of note for larvicide application was the
automatic paris green distributor, a machine originally designed in the Philippines
and later perfected in India, which distributed proper quantities of paris green
continuously over irrigation canals {Knipc and Russell, 1942). Current in the
canals activated the distributor, and the same current carried a charcoal-paris
green mixture ‘downstream with it, doing a remarkably efficient job of Jarva
destruction en route. However, popularity of the apparatus waned when the
kerosene-paris green mixture became popular, even though the equipment could
readily be adapted to distribute this material,

Prior to 1940, malariologists frequently demanded some means of successfully
attacking adult mosquitoes. Pyrethrum used as a space spray was the first practical
answer to this demand. It was tried out experimentally in South Africa and in
northern India in the late 1930%s {Covell ¢ al,, 1938}. Beginuing in 1939, an
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active field programme in which pyrethrum was ased as a space spray, was nsti-
tnted in southern India. Ultimately, this programme proved beyond doubt the effec-
uiveness of the product as a space spray (Thornton, 1955). So-called *flit guns”
were used originally with fair success (Russell and Knipe, 1939). However,
these cheap sprayers were not well made, did not sufficiently atomize the spray,
were small in size, and were inadequately designed.  In order o overcome these
defects, certain modificatons were made: an adequate nozzle tip which assured
good atomization was constructed; the continuous discharge tvpe was perfected;
and a model hand sprayer called the ** Cobra °, which markedly increased overall
cificiency, was developed (Knipe and Sitapathy, 1942). Concurrently the Malaria
Institute Sprayer Hand {M. L. S. H. pattern) was evolved in Deihi. It posscssed
all the qualities of good atomiser. It was widely used in civil organizations and
by the army in all contonments and in forward areas during war years.

Many other models of sprayers were investigated and developed in this
project in southern India. One of these dispersed space sprays through the use
of ©* dry ice "—-solidified carbon dioxide—as the propelient (Knipe and Sitapathy,
1942). This apparatus did away with all labour of hand pumping. Another
was the so-called “one-man” pctrol-powercd unit {Knipe and Sitapathy, 1942).
This unit, which wecighed only 28 pounds and was entirely self-contained, was
guite efficient.  Still another model tried successfully was the prepressurized
unit—the prototype of the present-day hand-compression sprayer., This was
pressurized, through a Shrader valve, to oo pounds per square inch from one
of several different sources of air pressure (Knipe and Sitapathy, 1942).
A modified Cobra sprayer unit carried the insecticide, which was ejected and
atomized by air pressure stored in the hand-compression sprayer tank.

At this time the need for some sort of regulator 1o control pressure on the
nozzle tip was recognized, and a lightweight commercial regulator was found which
served the purpose (Knipe and Sitapathy, 1942). It was placed on practically all
sprayers using pyrethrum, except hand sprayers of the Gobra type.  This type needed
no such attachment because it developed only one-half aimosphere pressure (Knipe
and Sitapathy, 1942). This regulator was the forerunner of the present-day
pressure regulator now advocated for use in one form or another on practically
all types of residual spray cquipment, whether power driven or hand activated:

Pyrethrum sprays, although they were exceedingly popular and exerted highly
lethal effects on mosquitoes without exhibiting any injurious properties toward
higher animals, did not have significant residual property. To be effective they had
to be used repeatedly and at closc intervals.  Furthermore, the cost was quite high.
Consequently, when sprays possessing residual properties came in the market, the
popularity of pyrethrum quickly receded.

Residual spray applications posed new equipment problems but not so many
as one might expect. The groundwork in sprayer development had been well laid
during the period when pyrethrum sprays were popular. Although the action
of the new spray was different, the principles of application remained much the
same.  The result has been the development of two types of hand-operated sprayers
which have almost entirely replaced all others, These are the hand-compression
sprayers, used practically throughout the world, and the stirrup-pump sprayer,
widely used in India but not to any extent in other countries.
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An excellent residue of toxicants may he applied with either type of sprayer.
Although the sprayers differ considerably in action, the same amount of insecticide
is distributed since distribution is made through the same type of liquid discharge line
by each type. Features of this linc which have undergone intensive investigation
include the following: a bayonet type of attachment {(for the hand-compression
sprayer); a polyvinyl chloride (a plastic), lightweight, highly abrasive resistant
hose; a cut oflf valve which does not leak; a sturdy lance; an automatic non-drip
valve in the nozzle; and a carefully designed stainless steel nozzle tip which
accurately determines the desirable flat spray pattern as well as the rate and angle
of discharge.

Since the hand-compression sprayer is the type universally used, it has been
subject to the greatest improvement. In contrast to its prototype, which was, at
best, a cheaply designed agricultural tool with many defects, the present-day
hand-compression sprayer is a first-class too! for residual spray apphcation and
meets practically every requirement demanded of it. This equipment has long
since surpassed its predecessor, the agricultural sprayer, in quality, Features
include an all-stainless stecl tank construction, welded seams which ensure against
leakage, an adequate filler holc which may be semiautomatic in action, a Shrader
valve for prepressurizing, adequate safety features, plastic leak-prool gaskets, a
pressure regulator specially designed for the equipment, and a bayonet connection
.quickly detachable) for the discharge hine,

These improvements have been made through the cooperation of individuals
working on malaria control projects who have consulted with interested equipment
manufacturers in several countries. Much of the coordination of details in the
programme of development has been carried on by the World Health Organization
Compmittee previously mentioned. This Committee meets from time to time to
discuss cquipment and to formulate specifications of a general nature which seem
io lend themselves to acceptance on a world-wide basis.

Hand equipment used in the field of malaria control has indeed passed
through an interesting period of devclopment. The early prototypes, borrowed
[rom any available source, scrved a purpose. They were not always suited to the
problem, but successful modifications were wsually made. Then specialized
models, such as the automatic paris green distributor, began to appear. Later,
types adaptable to pyrethrum distribution were developed and gradually improved,
with the result that when residual sprays appeared, operators i the malaria
control field were fairly well-acquainted with the types of equipment required.
Models have now been perfected to the point where a malaria officer knows
he has dependable equipment with which to carry on his control programme.
fn fact, spray equipment for malaria control is now of such excellence that
technical features are being copied for use in other insect pest control programmes.

The advances made thus {ar do not mean that the perfect apparatus has been
designed.  Improvements will continuc to be made. Everyone would like to
zscape the drudgery of pumping or pressurizing, a problem that may be solved
in the pear future. Better pressure regulator control mechanisms will be designed.
Longer lasting nozzle tips which produce even more uniform insecticide distribution
will become available,
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fn other words, spray equipment, like most modern equipment, has gone
through several periods of development and change. Today’s equipment is far
superior to yesterday’s. The end is still not in sight,
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ON THE POSSIBILITY OF 4. SUNDAICUS ERADICATION
IN INDIA.

BY

V., VENKAT RAO, F.R.ES., MR.S.H,
(v 15, 1053}

THAT it is possible to cradicate vector anophelines from particular areas
nnder certain conditions, and thus fo eliminate permanently all chances of malaria -
transtnission there, has been amply borne out by recent work. The eradication
measures which have so far been carried cut successfully may be broadly classified
into three groups as follows:—

{a) Measures dealing with imported vectors;
{#) Measures carried out in limited areas having natural barriers; and

{¢) Measures where eradication is obtained, not by deliberate action, but
rather unexpectedly as a bye-product of indoor residual spraying with
insecticides.

The firsi concerted attempt at eradication, which falls in the first category
mentioned above and which was attended with conspicuous success, was made in
Brazil by Soper and Wilson {1943) against 4. gamhiz and the next attempt was
also made against the same species by Shousha (1948) in Egypt with similar results,
These measures involved antilarval as well as anti-adult operations, though it
was recognized that the former constituted the primary means of attack with the
latter only as supplemental measures wherever necessary.  In both cases, paris
green was used against the larve and pyrethrum against the adults. Soper and
Wilson (1943), however, cautiously observed that their success was due to the fact
that the vector was imported into Brazil less than ten years previously and
did not yet gain a firm foothold in the country and that 4. gambie, having selective
breeding habits, was more vulnerable to attack than other species which are
capable of breeding in a large variety of waters, They doubted whether eradication
would ever be possible with autochthonous vector species.

After the advent of D.D.T., when it became possible to contemplate the
elimination of malaria on a global scale, eradication was tried in Cyprus and
Sardinia, two small islands i the Mediterrancan Sea. Whereas complete success
was obtained in Cyprus (Aziz, 1948), the vector of Sardinia has not yet been wholly
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eradicated, though it exists in only very small numbers and malaria is brought
completely under contro! (Logan, 1953). [n these cases also, anti-adult measures
were supplemented by antilarval measures.

On the other hand, eradication as a bye-product of indoor residual spraying
with D.D.T. has been observed by several workers in various parts of the world.
Gabaldon (1949) and Giglioli (1951) have reported the eradication of 4. derlingi
from Veneczuela and British Guiana, respectively. Dowling (1951} and Hamon
and Dufour (1g52) have succeeded in eradicating A. fumestus from Mauritius and
Reunion. A. sacharosi has been eliminated from certain parts of Italy (Missiroli,
Mosna and Allessandrini, 1948). A. minimus, a notorious vector of the Oriental
Region, has been virtually eliminated from the sprayed areas of Thailand (Dy,
1954). It should, however, be noted that all these cases have been observed on
the border-line areas of the geographical distribution of the species concerned
{Gabaldon, 1953;.

It, therefore, appears that eradication is possible where the vector is
imported into a new region, where the area concerned is limited and bound by
natural barriers against re-infestation or where the vector is occupying the marginal
zones of 1he arca of its distribution. The question now to be discussed is whether
A, sundaicus satisfies any or all of these conditions and, if so, to what extent.

A. sundaicus is a species of the Malayan sub-region of zoological distribution
and is not properly a member of the Indian anopheline fauna. The only locality
in India where it is known to exist with certainty for a long time is the Sunderbans
in the deltaic tracis of the rivers Ganges and Brahmaputra {Christophers, 1933)
where physical features and ecological conditions are similar to those in the
Malayan region. However, by 1910 it was discovered that the range of its distribu-
tion was extended up to Matla and Port Canning, about 30 miles from Calcutta
{Gravely, 1912}, In 1930, the mosquito made a further push inland up to Budge-
Budge, oniy 16 miles from Calcutta {Iyengar, 1931} and, within another five years,
it occupied practically the whole of the 24 Parganas District, including the salt
lakes of Calcutta and even extended westward up to about 20 miles from that city.
Severe malaria outhreaks occurred in all these areas soon after they were invaded
by sundateus.,

Another area where sundaicus is known to exist is around the Chilka Lake
in Orissa, though for how long it has been there cannot be definitely stated,  When
Hunter {1872) toured the area extensively to prepare a comprehensive repert on
{Orissa to the Government, there was no malaria around the Lake, though Purn
Town towards the north and Ganjam Town towards the south of the Lake, were
observed to be malarious, However, after a lapse of 40 years, Fry (1912) found
an intensc degree of malaria infection in the same area, with child spleen rates
indicating hyperendemic conditions along the Lake shore. Sarathy (1932)
observed similar conditions twenty years later, showing that there was little change
in the situation during the intervening period. Though the time of invasion of
Puri is not certain, there is some cvidence of when the invasion of Ganjam took
place. Ganjam is situated about five miles to the south of the Lake. This was
a flourishing port and the local headquarters of the East India Company, with a
population of 35,000, till 1815, when a violent epidemic of malaria occurred, The
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town was then abandoned by the Company and soon became a ruined and insigmi-
ficant place. If we assume, as perhaps we must, that the malaria in Puri and
(Ganjam found by Hunter (1872) was duc 1o the presence of sundateus, it was about
the year 1815 that sundaicus first invaded this area (Senjor White and Venkat
Rao, 1946). Though the mosquito was present in these two isolated places, it
did not extend into the Chilka Lake as long as the Lake had direct access to the
sea and Jts water was too saline for the mosquito to thrive. The subsequent choking
up of the cutlet and the resnltant treshening of the water and the abundant
growth of fresh water flora there might, in later years, have facilitated the rapid
extension of the mosquito into this area (Venkat Rao, 1049).

The next extension, which was directed southwards, appears to have taken
place during or about the year 1930, when violent cpidemic exacerbations were
reported from Chatrapur Town (five miles sonth of Ganjam) and from a somewhat
extensive area further down the coast known as the * Uddanam ™, including
Naupada, a salt manufacturing centre.  Both these arcas were previously healthy,
having been used as sca-side bealth resoris for a number of years. While, as in the
case of Puri {Panigrahi, 1942), Chatrapur suffered only from periodical epidemic
otitbreaks, highly endemie conditions were soon established tn the Uddanam
arca, which hecame notorious for what came to be known locally as * coastal
malaria ”.

Curiously enough, the latest infiltration to occur was not directed southward
along the coast as might have been expected but extended mland up to about
twenty miles from the sea, though the worst affected localities were situated
within ten miles of the coast. This happened during the years 1942 and 1943
{Senior White ¢f al., 1947).

Thus, the areas where sundatcus 1s now known to be present are Lower Bengal,
Chilka Lake area and the coastal tracts of Ganjam and North Vizagapatnam
districts {Map 1).

The mechanism of extension of this mosquito into Lower Bengal has been
described by some anthors.  After a carelul investigation of the means of transport
available in Bengal, Sen (1941}, observed that, though railway trains were also
partly involved, it was the small * country ” boats plying the various localities
between Sunderbans and Calcutta that were really responsible for the establish-
ment of the mosquito in Calcunta, and that particularly active dispersal occurred
during the years 1933 and 1934. This might possibly have been connected
with the increased forest fellings followed by rice cultivation near Port Ganning
{Senior White, 1937).

The first invasion of Puri and Ganjam in the carly vears of the last century
might have been [acilitated likewise by small sca-going vessels plying between
Bengal and Orissa. At that time railways did not cxist in Jndia,

It is, however, obvious that the meve availability of railway and boat transport
does not by itself result in the expansion of the mosquito into new areas. A number
of railway trains run daily between the Chilka Lake and other sundaicus-infested
areas further south and the town of Vizagapatam {since renamed Visakhapatnam),
and regular coastal shipping services are also available but the mosquito has not yet
extended into the latter area, though suitable breeding conditions are also present.
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The invasion of Chatrapur Town, which is only five miles south of Ganjam,
occutted over a hundred years after Ganjam was itself invaded, while the area
iinmediately south of Chatrapur remained frec from sundaicus for at least ten
years more, Probably, it is not availability of means of transport but a cataclysmic
disturbance like a sudden and unprecedented increase in the population of the
species that is responsible for bursts of colonization. Deforestation and extended
cultivation near Port Canning relerred to above might have resulted in augmenta-
tion of breeding places and, therefore, in the increase of sundaicus population in
that area, During 1942, therc was an immense increase in the prevalence of
sundaicus in the Chilka area, pushing up the density in houses to over one hundred
per man-hour (Venkat Rao ef al., 1942). As Senior White {1948) has observed,
passive migration may extend the species into new arcas but it is likely to die
out there, ag it did in the areas west of Calcutta,

It is thus shown that, except in the Sunderbans, sundaicus is an imported
mosquito everywhere else.  Except in the isolated localities of Puri and Ganjam
where the mosquito appears to have heen introduced over a hundred years ago,
the importation into the other areas occurred in more recent times, the last burst
occurring only ahout twelve years ago.

Regarding the second postulate, »iz., limitation by natural barriers, it is
clear that sundaicus has a strong predilection for coastal conditions and does not
exist far away from coastal and brackish water areas. In Bengal, it has never been
found more than six miles from tidal waters (Senior White and Venkat Rao, 1946).
Throughout the Chilka area, if isolated collections in small numbers are excluded,
the species does not exist beyond a maximum of five miles from the Lake,
Further south, including extreme cases, it has never been recorded from places
over twenty miles from the Bay of Bengal. It has now disappeared, either
spontaneously or as a result of control measures, almost entirely from this area,

A. sundaicus has not been recorded south of the River Vamsadhara.
Christophers {1933} referred to sundaicus (then known as ludlowi) as having been
included in the list of Clolombo mosquitoes by James in 1914 but it has not since
been recorded there and is thought by Carter not to oceur in Ceylon.

Thus, the sundaicus-infested area in the present West Bengal is only about
1,000 5q. miles, while in Orissa and North Vizagapatam areas, the extent is
approximately 1,500 sq. miles,

The 200-mile length of the coast between Puri and Calcutta has not been
surveyed and whether sundaicus is present there, either continuously or in isolated
patches, is completely unknown. The only reference to malaria prevalence in
the area is made by Hunter (1872) who says that “ fever of low malarious tyﬁlc ”
is prevalent everywhere and specially so at the mouth of the River Damra, which
is about as unhealthy as any found in Bengal and that the malaria season extends
from August to October. It is also known that the port of Chandbali is highly
malarious. The presence of sundeicus may be suspected in both the cases. It,
however, appears that continuous distribution of sundaicus all along the coast is
not very probable as suitable estuarine conditions arc seldom found without
considerable separatory areas. There are, at least, some known healthy spots on
this coast like Contai and Digha. The infested area, if thete is any, is thus unlikely
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to be more than a thousand square miles in extent, making a total of 3,500
square miles,

If sundaicus has not extended further inland than it has already done, it is not
because of natural barriers but because the mosquito is incapable of doing so owing
to its evident neced for an equable climate, In fact, the only trait it stil] exhibits
n common with its original home, Indonesia, is its association with the sea shore.

For all practical purposes, therefore, sunduicus has a limited distribution and
is subject to constitutionally imposed barriers against further expansion inland.

As the presence of A. sundaicus has been recorded only on the east coast of
India between the Sunderbans and the mouth of the Vamsadhara River and
nowherc else, either in India itself or in the countries west of India, it is definite
that the area of its present prevalence is the westernmost limit of its area of
distribution. 4. sundaicus here is occupying an extremely narrow matginal zone.

The situation is, however, complicated by the presence, at least in Orissa
and North Vizagapatnam areas, of two {orms of sundaicus, one breeding in fresh
waters and the other in saline waters, According to epidemiological evidence,
the {resh water form appears to be a potent vector of malaria, while the other
form is at best a vector of secondary importance (Senior White ¢ al., 1947).

Now, sundaicys has been recognized to be pre-eminently a salt water breeder
everywhere. The only reference in the previous literature to fresh water sundatous
i made by Bonne Wepster and Swellengrebel {1g953), who have stated that there
was a fresh water form in Sumatra, that it was a potent vector there and that it
was climinated when its breeding places—{resh water fish ponds—were eradicated.
Thus, fresh water sundaicus appears 10 have existed in Sumatra and stll exists in
india, which are the eastern and western margins of the area of sundaicus
distribution,

The salt water breeding sundaicus has always been looked upon as a very
effective carrier of malaria in the coastal regions of all countries wherever it oceurs.
However, Taylor (1943) observed that, cwing to the lack of direct correlation
between the presence of this species and malaria on all occasions in Singapore, it
had been thought that 4. sundsicus of that island might consist of more than
one species or variety and that more recent work indicated that this < sapposition ™
was correct. K, as is presumably the case, he referred to salt water breeders only,
it appears that, even among them, there are forms which are vectors and others
which are not. Even in the Arakan region of Burma, Lalor (1912}, Feegrade
11924} and Macan and Watson (quoted by Fox, 1949) dissected altogether go8
specimens with negative results and therefcre, prima facie, sundaicus is not a vector
there too. No fresh water breeding has ever been recorded from this arca.

The available information indicates that, while there may be, among salt
water breeders, some non-vector forms, the fresh water forms are potent vectors
wherever they exist. Subsequent work carried out by Venkat Rao and
Ramakrishna {1950) in the North Vizagapatnam area has shown that the two forms
can be separated morphologically owing to differences in the number and shape
of the Icaflets of their phallosomes, somewhat similar to those observed in the
corresponding forms of Sumatra {Bonne Wepster and Swellengrebel, 1953).
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It cannot perhaps be assumed that the two forms of sundaicus have always
been present in this area; the fresh water form, which is located in recent years,
should then have evelved out of the earlier salt water form. Huxley (1942) has
vbserved that a single species may separate gradually into two or more divergent
iines transcending the limits of spectes distinction and that the separation into
two mutually inlertile or otherwise distinct groups may occur suddenly though
the subscquent divergence may be gradual. He goes on to state that ecological
but spatially overlapping differenniation will promote divergence in general
characters since more complete adaptation to two ecological niches will be
advantageous to both species.  Probably, when sundaicus is faced with the problem
of heavy overpopulation, it is capable of meeting the situation by separating,
more or less suddenly, into two or more groups, each occupying a different
ecological zone. When they are thus separated, they may not merge again into
one species through cross-mating. Though the variations in male genitalia
mentioned above may not raise a mechanical barrier to copulation between the
sexes of the two forms, there is an imponderable factor of a physiclogical nature
operating against cress-mating in such cases (Fennah, 1946). However, as both
lorms exhibit a marked preference to the ecoclimate of the sea coast and are present
together within the same arcas, and as both the forms have been found to be
vectors in some area or other, this question, so far as eradication is concerned, may
not require further discussion.

Having shown that all the three conditions postulated for a successful
cradication campaign are satisfied in a large measure in the case of sundaicus, the
specific measures which should be undertaken for the purpose, shall now be
considered. It must, however, be emphasized, as Gabaldon (1953) has pointed out,
that eradication is a costly method which requires vigorous action against both
larve and adults not always nceded for successful malaria control. However,
i onc has to carry out indoor residual spraying continuously over a number of
years, the total reeurring cost might well be found as high as the cost of an eradica-
tiom campaign if not higher and the problem is never solved finally. There is no
reason to supposc that indoor residual spraying alone will result in ultimate
cradication of sundaicns as it did in certain other cases, On the other hand, Crandell
{1954) has reported that sundaicus in the Djakarta area of Indonesia has developed
chemico-resistance against D.D.T., though not yet to dicldrin, after a few years’
spraying indoors. Thercfore, as in all other cases where eradication has been
purposely aimed at, antilarval measures should constitute the primary means of
attack, though indoor spraying should also be pursued simuitaneously.

Fortunately, a good deal of stucdy has already been made by various authors
on the breeding habits of sundaicus. The vast bulk of the breeding occurs in lakes,
tanks, ponds and such other stll waters, The breeding in flowing waters and
ricefields is minimal, being restricted to the mouths of rivers and the narrow belt
of ricefields along the margins of large bodies of saline water like the Chilka Lake.
The association of sundaicus with aquatic vegetation is very striking and the
species will apparenty breed in the presence of many different types of vegetation,

While dealing mainly with salt waters, Covell and Singh (ig42) have
pointed out that it 1s only when the vegetation comes above the water surface and
begins to putrefy that the larva of this species are found.  This suggests that water
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polluted hy rotting vegetation favours the breeding., ‘This is in accordance with
the observations of Iyengar (1931) that, besides salinity, organic polluiion of
the breeding place is a cardinal condition of sundaieus breeding. Can this be the
rcason for the poor vectorial status of the salt water form, at least in the Chilka
area? The critical experiments of Russell and Mohan (1939;1940} have shown
this to be a wrong premise but Muirhead Thomson (1951) obscrved that in these
experiments the pollution was of animal origin and that it stll remained to be
scen if gross pollution of the larval environment with vegetable organic matter —
a much more widespread phenomenon in nature—would have any effect on the
susceptibility of infection of the resulting adults. However, Venkat Rao and
Ramakrishna {1947a) have shown that, breeding of the fresh water form occurs in
waters which are clear and good enough for the people to use for drinking purposes
and that, when the vegetation is removed, the water becomes turbid and polluted
and the green alga, Microcystis auriginose grows in quantities and sundaicus dis-
appears. It is thus seen that the salt water form breeds largely in polluted waters
and the fresh water form in clean waters, which may be a significant difference in
cheir behaviour.

Covell and Singh (1942) observed the association of sundaicus with thirteen
rypes of aquatic plants and eight types of alge; Najas, Ceratophyllum and
Hydrilta among plants and Lyngbya, Anabena and Spirogyra among algx being
the most important. In fresh waters, association with the same three plants and
Spirogyra was very marked. Whcreas 2 thick cover of Eickhornia speciosa in the
breeding place was found to inhibit sundaicus breeding in Bengal (Tyengar, 1946},
it did not produce similar results in Orissa (Venkat Rao and Ramakrishna, 19475).
Breeding in waters devoid of vegetation is practically nil and deweeding of breeding
places was found to be very effective in eliminating sundaicus from the breeding
places hoth by Covell and 8ingh {1942} and Venkat Rao and Ramakrishna {1g474a}.

Control of sundaicus breeding may be effected by the use of paris green or
naturalistic measures kike deweeding,  Paris green treatment of the numerous
breeding places at intervals of five to six days is a very costly and difficult method.
It is also likely to be inecfficient during periods of heavy and continuous rainfafl.
Peweeding thus becomes the only reliable alternative available.

Deweeding by manual and other mechanical means was tried on-a large
scale in the Chilka and North Vizagapatam areas and proved very effective. The
breeding is immediately checked and the breeding places remain negative for
sumdatcus larve as long as the weed-Iree condition of the water surface is maintained.
However, regrowth of vegetation occurs so fast, at least during the first two or three
years, that the maintenance work becomes very difficult, requiring a large labour
force and proper supervision, without which the work becomes unsatisfactory.

A very much simpler and equally effective method of deweeding is offered
by the recent introduction of chemical weed-killers. These arc claimed to remain
vffective, alier one application, for four to five years, in which case one application
may suffice for the whole campaign.

While this method is applicable to inland waters, both fresh and saline, of
limited extent, it does not apply, owing to its cost, to the large bodies of salt water
like the Chilka Lake, which alone is over 500 square miles in extent, But, in this
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lake, though the fauna is marine, the flora is that of fresh water {Annandale and
Kemp, 1915), which can be climinated by raising the salinity through the introduc-
tion of sea water. There may be some damage to rice cultivation in the immediate
vicinity of the lake where the lake water, during periods of low salinity, is used for
irrigating the ricefields but the Joss is more than compensated by augmentation of
fish supply, for which the lake is already noted. Some dredging is occasionally
neeessary to keep the mouth of the lake constantly open for the ingress of sea water,
as otherwise the littoral sand drift might soon choke the mouth, resulting in the
ultimate freshening of water in the lake.

Lastly, effective measures have to be undertaken o prevent re-infestation
from the neighbouring countries, Fast Pakistan and Burma. 11 is now recognized
that, for eradication of malaria or of vector anophelings, interpational cooperation
is essenial.  The best method would appear to be the application of eradication
measures simultancously in all the three countries,
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SOMLE MALARIA ERADICATION PROBLEMS
AS VISUALIZED IN 1955.

BY
. J. PAMPANA, m.p,
{Chief, Malaria Sestion, World Health Organization.)
CAmgust 25, 1993}

« The withhiate goal of & naton-wide malariz coetrol progranime is the
eradication of the discase” . ~HH.Q. Second Asian Malaria Conference, 1954,

Ir scems strange that during the many years of malaria control by residual
insceticides so little account has been taken of the destiny of the malaria parasite
in man. Altention has been focused on vector control, apparently forgetting that
if the vectors have no infection to transmit, their control would be superfluous.
The fact that malaria infections die out sporiancously within a {ew years and that
therelore, if no new cases occur or are imported, the population will be cleared of
malaria when those few years are over, was very seldom taken into consideration
when planning programmes.  During the development of a programme, emphasis
was put on operational techniques, on the number ol houses sprayed, on variations
of veetor densities, less Irequently on those of malariometric rates; but praciically
never on achieving the full interruption of transmission which might have led to
the eradication of the infection in the population and to the discontinuation of
insecticide spraying., This concept was presented as far back as 1948 at the
Fourth International Congress of Tropical Medicine and Malaria {Pampana,
19485 1952), but it was only after the demonstration that somc anopheline species
could develop resistance to chlorinated hydrocarbon insecticides that it was given
serious consideration, It was then felt that resistance was such a danger that
efforts should be made to shift the objective of antimalaria activities from simple
malaria control, that is reduction of transmission, to malaria eradication, so that
residual insecticide applications could bhe siopped before resistance had a chance
to occur {Pampana, 1gs4). This principle was discussed and a new strategy
eventually approved by important imternational conferences, both at the inter-
governmental level (XIV Pan-American Sanitary Conference, Santiago, 1954} and
at the technical level {Second Asian Malaria Conference, Baguio, P.1., 1954) and,
finafly, by the Executive Board (15th Session) of the World Health Organization
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i January 1935 and the Fighth World Health Assembly (Mexico, May 1955).
While readers of this Journal are probably acquainted with the Report of the
Second Asian Malaria Conference, it might be useful to recollect that the Santiago
{lonference resolved “* that it {was] of the utmost urgency that the Member
Governments should convert all control programmes into eradication programmes
within the shortest possible time, so as (0 achieve eradication before the appearance
f anopheline resistance to insccticides’’. Further, the Eighth World Health
Assernbly Resolution inter alia resolved to ™ request Governments to intensify plans
of nation-wide malaria control so that malaria eradication may bec achieved and
the regular insecticide-spraying campaigns safely terminated before the potential
danger of a development of resistance to insecticides in anophcline vector species
malterializes 7, It may be said that there is today a Targe consensus of expert
opinion that wherever it is planned (o control malaria by residual insecticide
spraying, eradication of the discasc should be the goal, so that the insecticide could
9¢ discontinued when still fully effective against the vectors. Obviously cradication
will require greater efforts, and larger antimalaria appropriations. Hence finance
departments should be persuaded to give more funds and the two main arguments
that would perhaps convince them are, (1) that although eradication would
require a larger annual budget than present control programmes, this would
only be required for a few years, so that in the end savings would be effected; and
{9} that by continuing residual spraying from ycar to year resistance to the
insecticides might develop and malaria control would then become a much more
expensive proposition, if not practically impossible.

But cven malariologists, not to mention public health administrators, may
have some doubts as to the advisability, the feasibility and the urgency of malania
eradication. These doubts are quitc understandable, for eradication is a new
venture, We shall try in this paper to foresce some of these queries and doubts,
and attempt o reply.

1. One of the reasons that prompt us to change our strategy is the develop-
ment of resistance to insecticides.  Is it Likely that resistance, so far described only
i a few species in a few countries or localities, would develop in others? Unfortu-
nately there is perhaps no answer to this first query.  But this same question came
10 the mind of malartologists after the report of the D.D.T.-resistance of 4. sacharovt
in Grecce {Livadas, 1951; Livadas and Georgopoulos, 1953). Later also in the
saume country A. maculipennis and A. superpicius were reported to have developed
resistance as well {Belios, 19541, A few months passed. Then in some localities
of Java A, sundateus, it was demonstrated {Grandell, 1934), had become D.D.T.-
resistant,  More months passcd; and then resistance was stated to have developed
m A, slephensi in some localities of Saudi Arabia (Daggy, 1955). If this has
appened, 3t scems reasonable to think that in the future resistance may occur in
other parts of the world and with other species.  And as resistance to the chlorinated
lydrocarbon insecticides might be, In our present state of knowledge, a very
serious occurrence in countries which were highly malarious before the inception
of control, there is ample justification for adjusting programmes in such a way as
wr obtain most benefit from the insecticides and to stop their application when they
are stifl active,
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2. Iuis stated that malana eradication is possible hecause malaria infections
are self-curing and do not last more than three years. But we all know of ancient
and recent observations reporting that some sabjects, not exposed to reinfections,
have relapsed well beyond the period often believed to be the maximum duration
of the respeciive infection,  Without considering P. malarie infections, which may
well last a Lifetime, P. falciparum infection, which generally does not last more than
nine 1o twelve months, has been found to last up to 503 days—as a maximum—
in experimental infections with a Panamanian sirain, the average duration being
however 27g'5 days { L1g°g) {Jeffery and Fyles, 1954}, After 13 months, in
Porto Rico, it had been calculated that 183 per cent of falciparum cases might still
show parasites in their blood {Macdonald, 1950); and a case has been described
of an American with a falciparum infection present four years after he had contracted
it in the Congo {Logan, 1953). '

As regards wvivax infections, which generally do not last beyond two years,
we shall only recollect observations on infections contracted in the South Pacific,
in 43 per cent of which clinical attacks were still present four vears alter
‘Hill and Amatuzio, 1949).

In conclusion there certainly are infections of P. Jalviparum lasting more than
one year and of /. pivax lasting more than three years. This is a parasitological
truth; such cases, however, are rare*, and we may assume, for public health
purposes, that they do not invalidate the general statement that if no new cases
of mataria have occurred for three years in a given locality, its population no longer
represents a source of infection for anophelines, It should not be forgotten that
public health policies are based on generalizations. No vaccination gives 100 per
cent protection and still vaccination has succeeded in eradicating smallpox from
many a country.

If, exceptionally, a long lasting malaria infection succeeds in infecting a
mosquito and in giving rise (o secondary cases, the small outbreak could casily be
brought under control, particutarly so if residual insecticides can be effectively
employed. It might be compared to an outcrop of secondary cases following
the immigration from abroad of a gamctocyte carrier, such as that described by
Brunetu ef al. {1954) in the U.S.A.

3. When could it be stated that malaria cradication has been achieved ?
We know that among the various malariometric indices the infant parasilc rate
{1.P.R.} is probably the most sensitive indicator of transmission. In some malarious
{erritories, where cpidemiological and entomological conditions are particularly
favourable to control by D.D.T. or other insceticides, the LP.R. may become zero
after a single spraying, If it is maintained at his level and no infective subjects
come from abroad, it would be justifiable to withhold insecticide spraying in the
fourth year. Case (a) of Figure 1 depicts this example, Of course, a zero infant
parasite rate does not nccessarily mean that no cases occur in the population ;

* In this coanexion it may De inleresting $0 quote certain figures relative o the duopheles gambia
vraclicalion campaign in Brazil.  Prior te the campaign, in May-November 1039 out of 11,267 subjects
exsmined 63°7 per cont had a positive blood. In July-Avgust 1941, fe., one year only after practically all
transmission by gambie had ceased” only (5 per cont were positive (84 out of 16,530 examined. Of the
®1, 1% were ziogx, 67 folciparum, 1 mixed) (Soper and Wilson, 1943},
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therefore, we cannot say that malaria eradication has been achieved when we stop
the insecticide. It will be neccessary first (o set up a machinery of searching for
new cases, and incidentally, of applying the necessary protcctive measures. This
machinery of epidemiological surveillance, should be set up, as recommended by
the Second Asian Malaria Conference, before the discontinuation of spraying. We
should assume that, as in our figure, it is working already in the year which is
supposed to be the last of the spraying years. In other words, in the first example
{a) of Figure 1, in the third year of sprayving; in the second example {4}, in the
{fourt year. Now let us recollect the definition of the National Malaria Society
of the U.8.A,: “ Malaria may be assumed to be no longer endemic in any given
area when no primary indigenous case has occurred there for three years, if
reporting . . . and case finding are actively promoted and adequate investigations
are carried out”, A corollary of this definition {dcfinition which had been
quoted by the Fifth Report of the Expert Committee on Malaria of W.H.Q.)
is that when malaria ©* is no longer endemic ” in any given area, it would mean that
cradication bad been achieved three vears before.  In case (a) of Figure 1 eradica-
fion would have been obtained in the lourth year, in case (4} in the sixth year. In
vonclusion the date of actual eradication could only be established retroactively.

4. It has often been recommended that the area of eradication should be
“as large as possible ” (Reporis of the First and of the Second Asian Malaria
(onferences). One would think it easier to eradicate malaria from a village or a
group of villages rather than from a whole country, But it would be impossible
10 maintain those localities free of sources of infection for the vector mosquitoes,
because we can neither compel the villagers to remain for at least three years in
their villages, nor preclude the entrance of other people from outside. It might be
possible 10 prevent such exchange of persons if the villages were completely
wsolated, as, for instance, in the case of an island, With such exceptions, the large
size of an arca would minimize the danger of sources of infection being imported.
The larger the area Is, the smaller would be the danger. Eradication on a conti-
nental scale, as it has been decided for the Americas, once achieved, will have to
establish protection only against travellers coming from other continents or
oceanic islands.

Still, in programmes on a coniinental, sub-continental or even country-wide
scale, 1t might be expedient and even neccssary to proceed by steps and to split
the territory from which malana should be eradicated into zones with different
nrioritics.  Each of these zones should, as far as possible, be large enough to reach
the borders of healthy areas, or patural, or man-made barriers so that the
reintroduction of sources of infection would be minimized. Tn some cases this
raight not be feasible, and one might suggest continuing the residual spraying of
all localitics situated at the periphery of the eradication area. But the danger of
developing insccticide resistance would counterindicate this idea, which, in any
vase, would hardly be logical.

-

5. Still, if the eradication arca cannot be surrounded by healthy arcas or
adleqguate barriers, some way could be devised to reduce the danger of reintroduction
of sources of infection,

Let us suppose that, contiguous to eradication area * A’ is another malarious
arca * B and that the cpidemiological conditions in © 4’ are such that it can be
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Fiaure 5.

Teniative schemes of the sequence of evenls in malaria eradication programmes.,
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foreseen that spraying can be withheld after four years of operations. It will be
recollected that the Second Asian Malaria Conference agreed that * adequate
surveillance of malaria incidence . . . . should be initiated well before the time
of interruption of spraying . Then in area * 4’ surveillance should be functioning
not later thar during the fourth year. Suppose that we provide, in the country-
wide programme, for expansion of the operations to area * B’ in this same year.
‘Then a very Jarge proportion of, if not all, new malaria cases in “B° will be prevented
in the vear. What will then be the reservoir of infections during the lourth year
in *B*? Very few falciparum subjects, infected prior to the spraying, will still
show parasites, There will, however, be a good proportion of sources of infections
of P. vivax and of course of P. malarie, contracted chiefly prior to the beginning of
spraying. But it is clear that the total number of subjects infective for mosquitoes
will have been greatly reduced, the morc so if falciparum malaria had been prevalent,
Fherefore, among the persons [rom area * 87 who in the fourth year would go into
arca ‘47 and would remain {here after the spraying had been discontinued {i.e.
in the fifth year} not many could be capable of infecting the anopheles of “ 4 °,
Moreover, as epidemiological surveillance in 47 is already functioning, malaria
gages hoth In immigrants from ‘ B° and in inhabitants of * 4’ (who might have
hecome secondarily infected from the former) could be easily traced and dealt
with. Finally, if spraying of * B’ in the foucth year reduces, on the one hand, the
problem which faces epidemiological surveillance of © 47 it will also, on the other
hand, protect visitors from ‘ 4’ from getting infected in * B’ and carry back the
infection to zone * 47,

In conclusion, even if no adequate, natural or man-made barrier could be
tound, it would appear that a satisfactory protection might be securcd, if, in a
given area, epidemiological surveillance could start simultaneously (if not carlicy)
with the year for which the last spraying cycle is forescen and if in the same year
the surrounding malarious areas could be sprayed.

6. As the possibility of starting transmission again after spraying is dis-
contnued appears as a real danger, it would be interesting to visualize how
dangerous the immigration of people from malarious areas of varying endemicity
mto the area from which spraying has been stopped, would be. If we call “ A°
the arca in which spraying has been stopped, let us call B’ and ¢’ the
surrounding arcas, which are both malarious. ‘B’ is jhypercndemic, or holo-
endemic,  Everyone of its people will probably be infected, but gamectecytes will
be found practically only in the blood of children. Now children,introduced in
area ‘4’ would represent a great danger for infecting the local mosquitoes; but
children travel much less than adults, and only a few would be Jikely to be
brought Into area ‘ 4’; moreover, they could be casily spotted, by the surveillance
icams, and efficiently treated.

Area ‘¢’ on the other hand, is a mild meso-endemic area; let us suppose
with a spleen rate of 20 per cent. Here we would probably find gametocytes
carriers among adults; but infected subjects, whatever their age, would represent
only a small proportion of the total population. In the cases of both " £’ and ‘€7,
therefore, the danger represented by immigration of people from malarious arcas
inty the adjoining eradication arca (if this is sufficiently large and adequately
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supervised by epidemiological survetllance) 1s perhaps less than one would think.
'The danger would be greater for persons of “ 47 visiting * ¢’ and particularly
" B2’; but one would think that these persons, should they develop malania upon
their return, would more easily be found by the personnel of the epidemiological
surveillance and one would count on their willingness 1o co-operate with them.

The mode of travel across the borders of the eradication area also deserves
attention. Travelling on foot, by horse, or ox-cart, by bicycle, etc., represents
probably the greatest menace because these are the means employed by raral
groups, such as entire families, going from village to village. This method of travel,
however, does not generally cover long distances™ and if the eradication area is large
enough 1t would represent a danger only for the peripheral band, where epidemio-
fogical surveillance should, therefore, be particularly efficient. Travclling by other
ncans, motor-bus or train, is expensive over long distances: babies and children
do not trave] alone, and the travel of entire families by these means would perhaps
not be too frequent and might be restricted to cases of change of residence, im-
portant family events, etc. Furthermore, one would think that most of the people
travelling long distances by train would come from towns and go to live in other
towns; and towns often have no anophelines or else are the first Iocalities in which
malaria is controlled. This rcasoning applies e¢ven more cogently to those
ravelting by air,

In conclusion it appears that, if the eradication programme covers an arca
large enough and if epidemiological surveillance is more efficient and strict in the
peripheral part of it, the problem of imported gametocyte-carriers could be solved
satisfactorily.

7. As shown in Figure 1, it Is tcotatively assumed that residual spraying
may be interrupted, obviously with the necessary safeguards, after the infant
parasite rate has remained at zero for three years. In order to shorten as much
as possible the period of years during which insecticide spraying must be carried out,
cfforts should be made to bring the LP.R. down to zcro rapidly. In W.H.O.’s
expericnce this may happen after the first spraying; but only exceptionally.
More often two years of spraying, at least, will be necessary. In other cases this
is not enough; or in some arcas the LP.R. becomes zero only in some sectors and
not in others, Often such failures can be explained by the small size of the area,
or by disregard of the need of total coverage, or by faulty techniques (including
poor insccticide formulations, or rapid sorption of the insccticides by the walls).
Should these three mistakes be corrected, or avoided, and transmission continue,
then it may be thought that transmission is occurring, at least in part, outdoors.
By repeating the spraying from year to year it is to be expected that the progressive
reduction of gametocyte-cartiers in the population would eventually stop
transmission; but given the advisability of accelerating results with a view to
discontinuing spraying before resistance may occur, it will be necessary to
sapplement residual spraying with other anti-malaria techniques, sach as:

{a) Anti-imago space spraying, such as was applied before the “D.D.T.-cra”
in South Africa, in India, in the Netherlands.

*It will he noted that in this paper we have refrained from discussing the difficulties caused
Iy somadism, which is a special case and could not b sufficiently dealt with in this short arsicle.
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{6} Larval control, though excluding the use of the chlorinated hydrocarbon
insccticides,

e) Use of drugs. Very exceptionally would it be possible 1o submit a whole
population of an area to frequently repeated administrations of drugs, {or the
organization of such schemes would be very difficult and costly; but ways could
be found of utilizing the spraying personnel for distributing a {few mass treatments
0 all or to selected groups of the population.

The use of drugs might also be considered in areas where the residval
insecticide will succeed in fully interrupting transmission, with a view to reducing
the number of years during which the msccticide spraying must be continued. It
i3 realized, however, that with the possible exception of Pinotti’s {1953} method,
the systematic distribution of drugs or a systematic attempt towards radical cure
of alt cases of vivex or malarie infections will be a very difficult problem.

8. In programmes aiming simply at some degree of malaria control, it is
not essential, although desirable, to cover by residual spraying {or possibly to
protect by other means) all bouses of the area.  In programmes aiming at malaria
sradication total coverage is cssential.  Furthermore, i interruption of the
spraying is to be applicd as soon as possible, not only total coverage will be essential,
but also a simultancous implementation of the programme all over the area,
with the same degree of efficiency everywhere (This need of coordination in
space, time and efficiency was emphasized in the Rcport of the Second Asian
Malaria Conference). These are, incidentally, the reasons why cradication
programmes have a higher per capita cost than control programmes. If in some
portions of the area people refuse to have their houses sprayed, or # in some
villages where drugs should supplement the insecticide, people refuse to take them,
clearly pockets of transmission will remain in the area and might make it nccessary
io continue the spraying operations beyond the limit that could have been
{orescen had the reaction of the population bien more favourable. Hence the nced
of providing for a suitable education of the population on the one hand, and, on
the other hand, for suitable legislation.

Legislation for malaria eradication should not only provide authorily to
overcome the objections of the inhabitants where health education has failed,
but, as for instance in countrics where the operations are largely decentralized,
should also make provision for allowing the central antimalaria organization to
intervenc if the local authoritics are lagging behind the schedule of the national
endeavour in which they participate.

SUMMALERY.

As st appears that there is to-day a large consensus of expert opinion that
the objective of malaria control by residual insecticide spraying should be that of
walaria eradication, so that the spraying of insccticide could be discontinued belore
the local vectors develop resistance to it, some problems related to eradication
have been considered. Thesc problems are, whether D.D.T. resistance is hkely
to develop in future in other species; whether it is corrcct that from the public
health standpoint eradication of the infection can be achieved after a few years,
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and when,  The quesiions ol the size of the area and of the danger of reintroduction
of the sources of infection in the arca from which malaria has been eradicated,
and the influence of the mode of travel on this danger have been considered.

Finally, techniques supplementary to insecticide residual spraying are
suggested to control pockets where transmission may linger, and the need of adequate
jegislation in any eradication campaign is emphasized.
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OBSERVATIONS ON SOME ASPECTS OF THE NOCTURNAL
BEHAVIOUR OF ANOPHELES CULICIFACIES.

BY
. K. VISWANATHAN,
T. RAMACHANDRA RAO
AND
A. V. HALGERI.
i Malaria Urganization, Bembay State, Poona.)

{Orcrober 14, 135.)
INTRODUCTION.,

Twuis paper reports observations made on some aspects of the nocturnal
behaviour of Anopheles culicifacies, the most important vector species involved in
malaria transmission in India. Such studies throw light not only on the normal
pattern of behaviour of the adult mosquitoes but on possible changes which may
follow the application of residual insecticides. The insect behaviour vitally affects
the degree and duration of successful establishment of malaria control and,
ultimately, malaria eradication. Insect behaviour not only varies with species
as shown by Thomson (1950) in East Africa, Davidson (1953} in Kenya, Wharton
(1951) in Malaya and Bordas and Downs (1951} in Mexico, but also with respect
io the same species in different geographical areas as shown in the case of 4.
Mfluviatilis in India, by Nursing, Rao and Sweet {1g34) in Mysore; Viswanathan,
Ramachandra Rao and Rama Rao {rg44) in N. Kanara District {Bombay State);
Senior White, Ghosh and Venkat Rao (1945) in Orissa and Jaswant Singh and
Mohan (1951) in the Nilgiris (Madras State). A. culicifacies 1s much more widely
prevalent i India and transmits malaria in widely separated regions and i
pattern of behaviour is, therefore, likely to be more varied. While several studies
on certain aspects of the bionomics of adult A. culicifactes, such as those relating to
resting places, feeding habits, hosts of predilection, longevity, range of flight,
ovipositing behaviour, ectc., have been published, there are few records on the
nocturnal behaviour. Even the few that have been published arc based on
limited observations (Rajindar Pal, rg45; Rajindar Pal and Sharma, 1952).

{371)
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METHODS.

Two experimental huts were constructed for the purpose of these studies at
Vithalwadi located on the banks of the Mutha River, stx miles {0 the west of Poona
City. The river bed itself and several small streams, channels and seepages in
the locality provided good breeding places for A. culicifacies, The huts (Figures
7 and 2) were 8 feet long and 6 feet broad and had gabled roofs, the highest point of
which was 7} feet from the ground. The walls and roof werc made of bamboo
matting supported by strong bamboos at the corners. The rcof was covered by
thatch and the inner sides of both the roof and the walls were completely lined with
wud plaster. The hut had one door 5 feet 2 feet facing east and only one window
i foot square on the north.  The door could be closed fairly tightly. The window
was provided on its exterior with an outiet window trap made of cloth netting.
On two sides of the hut, across the middle, was a horizontal opening produced by
the overlapping of the upper part of the matting over the lower part, the space
between the two being about two inches. The extent of the overlap was four
inches, and a mosquito in order to enter the hut through these openings had 1o
fly four inches upwards before reaching the interior. When the door was tightly
shut, the only entrance available for the mosquitoes was through these long slits,
fn view of the well-known tendency of mosquitoes not to fly downwards when
trying to escape, these slits provided possible means of ingress when the door was
kept shut but not for their egress. The dimensions of the hut were such that the
entire interior could be thoroughly inspected and all resting mosquitoes casily

— erram

Fre. ). Bxperimuental huls built for the study of Behaviour of 4. raficifacie.
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Fra, 2, Closer view of one it showing the window trap.  ‘The arrow poinis (o the skt entranee,

collected by hand with the suction tube, A tent was pitched 5o feet away from
the huts to provide a small field laboratory for use as night. Except for a couple
of rural houses about 300 yards away there were no other houses within a radius
of half a mile.

A buffalo was tethered in the hut between 18.00 and o7.00 hours on every
night of observation., Several preliminary attempts with human baits showed
that the numbers of 4. culicifacies attracted to man were much oo small to be of
any utility in these studies. This was rather a handicap because the number
found dead on the fivor after an application of insecticide could nol be so satisfactorily
determined with a builalo inside the room as with a human bait. A clean floor is
necessary to he able to spot dead insects,

OBSERVATIONS.,

Observations were made in these huts on the time of enery and the time of
feeding from December 1951 to May 1952, and on the effects of D.D.T. spraying
in June, November and December rggz. During the monsoon months no
observations were made,

MOSQUITO FAUNA.

During the routse of these studies adults of the following species of mosquitoes
were collected in the huts:—
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Anepheles . annuleris,
2. culicifacies,
5. fluviatilis,
4 hyreanus,
5. jamest,
b, jeyhortensis,
7. slephensi,
8, splendidus,
g. subpicius,
10, {essellatus,
11, theobaldi,
12, frkhudi, and
3. ragus.
Culex 1. bitaeniorfynchus,

2. fatigans, and
3. vishnui.

Further studies were, however, restricted only to A, cdicifacies.

TIME OF ENTRY.

In order to determine the time of eniry, a thorough search was first made in
the huts between 17.30 and 18.00 hours and all resting mosquitoes removed by
hand collection. Captures were then made in the huts every threc hours by two
trained Insect Collectors working simultaneously for thirty minutes, that is, between
20.30 and 21.00 hours, 23.30 and midnight, 02.30 and o3.00 hours and 05.30
and 06.00 hours. Again, a further search was invariably made between 07.00
and 07.30 hours to collect any mosquitoes which had entered the hut subsequent
io the search made between 05.30 and 06.00 hours. This time schedule was
observed in all seasons of the year.

In a series of 54 observaiions made with the door fully closed, the total
number of 4. culicifacies collected in these huis was 492 out of which 447 were
{emales (Table 1) and in another series of 27 comparative observations made with
the door fully open 311 males and 1,118 females of this species, o 1,429 in all,
were collected. The figures bring out the fact that nearly five times as many
ferale 4. aulicifacies enter the hats when the door is kept npen as when only the
slit entrances are available.

Observations made in the three-hourly collections were compared  with
another series of observations in which catches were made only once between
27.00 and 07.30 hours. The dara collected in 18 observations with the door closed
and 17 with the door open, are given in Table II. Many of these observations
were made on nights alternating with those in which three-hourly catches were
made and, therefore, the data are generally comparable and the scasonal differences
is the output from the breeding places do not differently affect the two types of
observations. These figures reveal that when the door is kept open, the average
number of A, culicifacies when only a single collection is made in the morning is
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265 females and 116 males as compared with iy and 116, respectively, when
catches are made once in three hours and again in the early moming, indicating
that most probably a certain proportion——roughly 36 per cenv—of A. eudicifacies
females which enter the hut during the night and dawn leave the hut before, say,
7'30 hours. But when the door is kept closed, there is no outward movement
during the night as shown by the average number collected in the single early
morning catch (11°3} not being less than the total of all the guarterly collections
pius the carly morning eatch {8:3). These figures are in accordance with the
view that the slit entrances, while affording ingress to the mosquitoes, are not
suitable for their egress,

Tapie L
Number of A, cubicifacies collested in_four 3-hourly collections and at 07-00 hours.

With door With door

. closed. _ open.
Number of nights of observation, December 193] to |
May 1952 . . e 54 27
Fotal rumber of 4, culicifavies collected in all the four
J-hourly collections and at 07-00 hours: ]
Males 3 1Y
Females : 447 ' .18
Average number collecied per night: ’ i
Males SR S
Females 8:3 ; $1-3
! !
Tance I1.
Number of A, culicifacies wollecled in single catches made at 07-00-07-30 hours,
E Door closad. 'l Duar open.
Number of observations .. .. N T T
"Total number of 4. cuficifacier collectmd in single catches|
made at 07007360 hours, December 1951 to May|
a2
Maies o 13 197
VFeaales . t g 451
Average pumber cutlected pere night: )
Mates . . fe i S
Females 1 113 : 2455

'
1

In Table 111 arc given figures regarding the wumber and proportions of
females of A, culicifacies entering the hut at the different quarters of the night
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and the early morning before the 07.00-07.30 hours collection. In the 54 completed
observations with the doot shut, a 1otal of 447 females was collected throughout the
study. Of these, 74 per cent entered in the first quarter and 16 per cent in the
second quarter, making a total of go per cent entering before midnight, Similarly,
of the 1,118 females collected in 27 nights when the door was kept open, 44 per
cent entered in the first quarter and 29 per cent in the second quarter, making a
total of 67 per cent of entry beforc midnight. These figures bring out the fact that
while A. culicifacies enter dwellings throughout the night, the bulk of entry occurs
before midnight and that the first quarter is the most active period of entry.  The
Rgures further suggest that a certain proportion of those which cnter houses in the
catlier part of the night, leave them and re-enter later.  Thus in the Arst quarter
nearly 30 out of 74 or roughly 40 per cent lcave the houses presumably in search
of more congenial places of feeding or sheker.  In the first and second quarters
put together 23 out of go or roughly 25 per cent leave the houses.  This shows that
at Jeast 7 out of the 30 mosquitoes which left the houses out of a batch of 74 which
entered during the first quarter, re-entered during the second quarter, Only
about ten per cent enter houses for the first time after midnight,

TagrLr {11,

Number and progortions of females of A, culicifacies entering the hut at
different quarters of the night and the early morning.

i !
. Door closed  :  Dour oprat

Numher of nights of obaervalions e a4 . 27

 Number; Prr rent | Nuaber Per cond
Fenndes of A, enlicifacies captured in : !

kst gpuartey R 4. 4 404 44
Fard quarter B 2k g
red quarker N v ! 2 w3 T
b ruarter [l 14 ' SO T I ¢ |
7T hours L 19 4 ' 140 : 12

Towd . 447 | teo | 4am 1o

TIME OF FEEDING,

In Table IV are presented figures showing the proportions of fernale A,
audicifacies found in different gonotrophic conditions at the tme of capture. These
figures are a little less than those recorded in Table IT1 as detailed observations on
gonotrophic conditions could not be made in every case, The classification of
gonotrophic conditions adopted for these studies is the one used by Viswanathan
and Ramachandra Rao (1044) with a further sub-classification of the clusses 4
and B,
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Tasre IV,
Praportions of A, culicifacics females in differem gonoirophic conditionsy.

CAr AN COLLECTIONS MADE AT 3-HOURLY INTERVALS AND M o7on-00000 HOURS

i)uul lnsed,

le.u upl .

Nutber of mghts of S S PR . e e e eracmreme e v e
observations
At T
I Ptl'(‘.(‘ﬂ‘t;_g_':ﬁhu“uu__.m-_* T P(‘rccnlag('a . .
R v DR Y Y S P PR F T A
Lst geearter Lo B G 2] 2 Lo Cro b ' @i v @
2ud quarter . 7 : 1 1 R . 11 . 3 ![ i SN " ]; [ i
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Fhe classification vow used iy as follows:—

Class .  Empty abdomen; unied:

Class B.  Freshly fed:

A1
A2
B
By

B5

B

With no rrace of old blood.

With Uaces of previous bloodmeal.
Fully {ed, no trace of old blood,
or of ovarian development,
Fully fed, with trace of old blood
but no ovarian development.
Fully or partially fed with traces
of old partially digested blood and
of ovarian development.
Paritally fed without trace of old
blood or of ovarian dvelopment
imterrupted feeding),
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Class €. Parually digested blood
and partial ovarian
development.

Class D. Gravid, with a shght
trace of old blood.

Uass B, Gravid, without trace

of blood.

Class £, Miscellancous. 't Unclassified.

Fi2  Partial digestion of blood but no
ovariap development.,

For purpose of Table TV, however, the sub-classifications of A and B arc
not used,

Tt will be noticed that 78 per centof all females caught with the door closed
aud B4 per cent with the deoor open belong to the Class B, that is, those which
had taken fresh bloodmeals, With the door closed, the proportions of specimens
founc with fresh blood in the four different quarters of the might also do not greatly
vary, indicating that while the egress is barred . culicifacies females take a bloodmeal
soon after thelr entry, When the door is left open, there is a slightly smalier
proportion of freshly fed specimens in the first and last quarters than in the second
and third, This may be due to the cxercise of a greater degree of choice by the
mosquitoes resulting in some movement of mosquitoes ready to feed to other
possible places of feeding. Altogether while feeding may take place all through
the night, generally it occurs soon after extry and as the bulk of the entry takes
place before midnight the bulk of feeding also occurs before midnight.

The data also show that a certain number of females in the € and D classes
afso enter the huts, their total proportions being as much as 15 per cenl in the
slosed-door hut and 23 per cent in the open-door hut. When a single collection
was made at 07.00-07.30 hours their proportions were 15 per cent with the door
closed and 42 per cent with the door open. Such an inward movement of mosquitoes
in the € and P classes occars throughout the night including the first quarter and is
not vestricted to the early morning collection.  Had the bulk of the ¢ and D
classes collected been largely resiricted to the 07.00-07.30 hours coliection, onc
might have explained it as due to the entry of shelter-seckers at daybreak. But the
ecntry of the € and D classes throughout the night indicates cither that there is a
considerablc degree of movement of mosquitoes at night involving change of shelters
by mosquitoes not supposedly in & condition favourable for feeding or the number
of € and D classes represent largely nulliparous females which enter houses for a
second feeding before their first oviposition,  In the single carly morning collections,
the proportion of the € and D classes togeiher is as high as 42 per cent in the open
hat wisle it is only 15 per cent in the closed het,  One may infer that the arge for
{eeding is greater and stimulates entry even with obstacles while the urge for shelter
seeking is not so great as to suemount difficulties in entry,

In Table V are given the sub-classifications of 1,942 lreshly fed 4. culicifacies
:Class ) females collected  all the captures made in these huts and in which
such data were recorded, including alse the 447 and 746 females which were dealt
with above.  Of the 1,042 females subjected to this analysis, 61 per cent were in
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B condition, t¢6 in B2, 791 in B} and 12:3 in B4 From the details of the
classification peescnted carlier, it will be seen that enly 81, B2 and B4 are forms
which actually enter the huis in _{ condition, that is, in an unfed condition with
cmply abdomens, B3 are semi-gravid forms which entered in the € condition and
took a bloodmeal before the blood of the previous meal was digested.  They form
roughly seven per cent of all the females with evidence of fresh bloodmeal on the
night of collection. The significance of this is that roughly seven per cent of the
leeding, which takes place at nighe, occurs among nulliparous [emales for the
sccond time after their emcrgence or the seven per cent may be composed partly
of feeding by nulliparous females and the rest represents uncommon behaviour
involving double feeding among the parous females within the same gonotrophic
cycle.  Further those in the B4 class, that is, thosc which show interrupted feeding,
are roughly 12 per cent of the total and it is probable that some of them may bite
again during the same night o complete their bloodmeals. No significant
variations in these proportions have bheen noticed between the different months.
The feeding by a proportion of the semi-gravid mosquitoes, within a gonotrophic
cycle somewhat increases Macdonald’s {1g50) biting index unless in the case of
parous females those that bite more than once have their gonotrophic cycle
extended at least during that cycle. Tn the case of nulliparous females, the duration
between emecrgence and oviposition is shown by Davidson and Draper (1953)
to be at least twice as long as subsequent gonotrophic cycles, Hence the biting
frequency is not altered. Multiple feeding in the same night by a ‘mosquito on
different hosts profoundly affects transmission, the definite extent of which has
not yet been precisely determined.

‘TasLE V.

Classiftcation of freshly jed females of A. culicifacies in respect of all
eollections from January to end of May.

. I i
i i i !

Monuth. LB 8, By . 8, | Totah
January so e 22 Ty T
February . LW o b2 A 308
Mareh R & ¥ TR N X
Apnil T 1 B [ i 0 ! s i a8
May SRR T T T I £ IS - | 2
e e T e e

Tulal Poand T ! 3¢ 1 o230 L94z

Per cent : Gl MWt

' i i

OUTLET WINDOW TRAP,

'The number of mosyuitoes collected in the outlet window traps throughout
the period of these studies was very small and extremely disappointing. During
1the entire period of study with over 120 nights ol observations in unsprayed huts,
only 33 adults of A. culicifacies (16 males and 17 females) were found.  The outlet
window traps were, therefore, not considered of much utility in the study of
behaviour of this species,
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DEGREE OF OUT-DOOR RESTING.

The observations made in the huts have also not yielded any definite informa-
tion regarding the degree of outdoor resting during daytime resorted to by adults
of 4. adlicifacies. While from a comparison of the number of mosquitoes collected
m the three-hourly collections and the single collection made in the morning it
has been inferred that roughly 36 poer cent of A, culicifacies 1eave the dwellings ai
night, this movement may only be directed towards finding a better place of
feeding or shelter. A faiv number cnier the dwellings in the carly morning.
{Unless the relative numbers which actually leave the huts at night and those which
enter the hut in the morning are adequately determined it would not be possible
to estimaie the proportion which stay away outdoors during dayiime. A comparison
of the relative proportions of the freshly fed and the semi-gravid mosquitoes in the
carly morning collections {Table 1V-B Door open) shows that the number of
semi-gravid females resting indoors is only slightly less than the number of {reshly
led ones and the difference may be duce to the natural mortality taking place. Tt
should be remembered that all the mosquitoes reported in these studies werce those
which entered the hut during single nights, lor the huts were thoroughly searched
andl all resting mosquitocs removed to depletion at 17,30 hours each evening belore
the commencement of the observations,  Whal the proportion of the gonotrophic
conditions would have been if the mosquitoes were lefl undisturbed for several
days cannot be siated. From the first glance of these figures one may conclude
vhat as the gonotrophic cycle is 48 hours practically all the females are endophilic
Hut this will be true only it collections made in dwellings represent the total msect
population.  Further studies are needed in this regard.

BEHAVIOUR IN HUTS SPRAYED WITH D.D.T.

Beveral pre}liminary attempts were made 10 study the beliaviour of mosquitoes
in hus treated with DLDUT. One hut was sprayed on May 23, 1952 at a dosage of
Tre mgfsq. fto in an aromex-water emulsion and observations carried on for n
mights theiealter Gl the onset of the monsoon.  After the monsoon the huts were
cebuilt and ope of them was sprayed on November 14, 1952 al a dosage of
W mg./sq. . again us an aromex-water emulsion and observations were carried
on for six days thereafler.  The observations in these two huts are described
below:

fry fud spraved on May 24, ty52.-—No separate studies were made in this
fut st prior 1o the spraying but the norral behaviour of the mosquitoes in
anspraved hats, as deseribed above, held good.  Colleciions, made on 11 conse-
cutive nights after the day of spraying, consisted of (i) mosquiloes resting inside the
hug, {77} mosquitoes Jound dead on the floor and (#¢) mosquitoes found in the outlet
window trap.  In all these observations the door was kept closed and only a single
volfeciion made at 07.00-07,.30 hours. It was soon realized that the number of
niosguitoes found dead on the floor did not represent all the dead ones because of
the interference by the buffalo which was used as a bait. Therefore, the data
' regpeet of thig hut cannot be used for quasntitative studies but can be employed
for ynalitative purposes only. In all these collections only two live A. culicifacies,
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females, both in the unfed conditon, were found rvesting in the hut,  Perhaps they
had entered the hut just prior to the collection. Bight males and 12 females of
the species were found dead on the floor.  Of the re lemales, y were unfed and
4 were freshly lfed.  Eleven males and eight females were found in the outlet window
wap. OF the eight females, four were unfed, three freshly fed and one semi-gravid,
The other species of mosquitocs colleeted were one female resting, three females
found dead on the floor and two males and three females in the trap.  Obviously
A. culicifacies adults cater sprayed bhats and some even take biood meals. The
number found in the outlel window rap was slightly more than that found in the
traps attached o unsprayed huts and this is suggestive of the phenomenon of
excito-repeltancy but all those found in the wraps had died and, therefore, the
number which escape death is perhaps insignificant.

{2) Hut sprayed on November 14, 1952.—Preliminary observalions were made on
lour nights, before this hut was sprayed, in two of which quarterly collections
were made and in the other twe only a single collection in the morning was made,
In all these observations the door was kept open.  The resuits of these collections
were as follows:

[AY Single collection at 07.00-07.30 hours — Twe observations, -
Males  Fomales
A, culicifacies o 8(B-G; L~2),
1\8‘} and(r@r cotlectines— Two observations, - -

Malcs Females
i quarler:--

A. culcifactes 0 y3id-t, Ber1, (e2)
11 quarter:--
A, cudicifacies 0 3{H-3)
111 guarter Nii Nit
IV urarter
07.00 hour Ni Nit

After the hut was spraved, collections were  made subsequently {or six
consecutive nights.  On these nights, collections were cortinususly made from 18.00
t0 24.00 hours and all mosquitoes found resting on the walls or roof caught,  The
number of 4. culictfacies and other mosquitoes collected were as follows:—

Males  Females
I oquarter—

A. evlicifacies 3 68

All others . 2 46
1T guarter:—

A. culicifacies ) 0

All others o T

The gonotrophic conditions of females of 4. culicifacies were as lollows e
A B C D E I Total
B 58 g 0 0 I 68
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These observations are admitledly Emited but strongly suggest that .
culicifacies do enter D.D.T. sprayed dwellings and take a blondmeal i facilities for
the samc arc available.  Most of the mosquitoes collected at night were, however,
found dead before the following midday in the cloth cages to which they were
wangferred, indicating a high rate of mortality. In the carly morning a few dead
mosquitoes were also found on the floor but no numerical observations werc
possible.  Therc were no observations in the outlet window because the door had
heen kept open.

While our huts proved very usclul for the study of certain aspects of nocturnal
hehaviour, they were not quite satisfactory for the completion of the stadies after
weatment with D.D.T,, mainly because man could not be used as & hait. The
huffale was satisfactory so far as studies in untreated huts were concerned but was
most uwnsatisfactory for studies after treatment.  The need now is to find a more
" cooperative * bait or to find a method of restraining the eflicient bait in such a
manner that it does not spoil the Aoor and interfere with studies after treatment.

SUMMARY AND CONCLUSIONS.

1} Ohbservailons were carried out on the nocturnal behaviour ol . culisifacies
in wwo experimental huts constructed for the purposc near Poona City from
December 1951 to December 1952 with a break of four months during the monsoon.
A buffalo was used as bait for these experiments,

{2) When the only availablc entrance into the hut was a horizonial slit and
the door of the hul was closed, fewer mosquitoes entered the hut for the purpose
o feeding or shelter than in a similar hut with the door kept fully open.

{(3) A, culicifacies enter the dwellings throughout the night but the bulk
of the entry takes place before mid-night,  There was some cvidence to show that
some mosquitoes which enter in the first quarter of the night leave the dwelling
and a smaller proportion amongst them re-enter subscquently.  Altogether not
morc than ten per cent of nociurnal entry for the first time takes place afier midnight,

{4} Comparing collections made throughout the night and collections made
only from 07.30 to 08.00 hours, it would appear that roughly 36 per cent of the
mosqguitoes which enter the dwelling leave it duriag the course of the night, Tt
is not, however, possible to say whether such cgress is towards outdoor shelters or
iowasds another indoor place cither for shelter or for feeding. In other words,
these experiments do not throw any light on the degree of endophily in respect
ol A. cubicifacies.

{5)  While feeding occurs all through the night and perhaps relatively carly
dter entry, the bulk of the feeding takes place before midnight because the bulk
of the entry also takes place before that time.

6} When the door is closed and horizontal slits are provided lor entry,
ttere is a greater degree of bar to entry of mosquitoes which do not have an wrge
ior feeding. However, even with such obsiacles mosquitoes not supposedly in
1 condition ready for fecding do enicer houses during the night.  On an average
ahout 23 per cent of mosquitoes which enter al night represent those that are not
i a condition ready [or feeding.
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(7} About seven per cent of the musquitoes with fresh bHlood were found with
their ovaries half developed and the previous bleodmeal partially digested,  As
no dissections were made on hese mosquitoes it cannol be stated what proporiion
amongst them represent nulliparous females.

{8) Abowt 12 per cent of the mosguitoes which were ready for [veding
and which had staried feeding showed evidences of interruption, This has a great
bearing on the extent of malaria transmission as muitiple feeding increases the
chances ol mosquitocs getting infected on the one hand and transmttting infection
on the other.

{9)  Qutlet window (raps did not prove successil tor the study of the
behaviour of L. culicifacies.

(r0) Preliminary observations made on behaviour of mosquitoes in huts
weated with D.D.T. showed that it offered no bar {o their enwry into treated huts
and their taking a bloodmeal. There is a very slight evidence of an exciio-repellant
mechanism after contact with treated surfaces but on the whole ¢ven those which
were exciled and repelled have apparently picked up suflicient dose of insecticide
o be lethal,
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MALARIA CONTROI., BY THE USE OF INSECTICIDLES,
A Global Review.
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{Mataria lustitule of fndia, Delfi.)
{November 2, 1935.,}
INTRODUCTION.

Tue advent of insecticides bas marked a new siage in the long history of
malaria as their application has demonsirated unprecedented success in the control
of this disease and the cconomic feasibility of nation-wide control programmes
throughout the world., Pyrethrum sprays were introduced on a large scale in
1937, followed laicr in 1945 by the synthetic insecticides. The object of this paper
is chiefly to review up té date observations made on the use of insecticides in
malaria control and particularly their effect on the vector anopheline mosquitoes
in different parts of the world,*  This has helped to point ot certain lacunz in
our knowledge in respect of some of the species. Tt is hoped that the review will
he of some use as a ready reference to the workers in the field,

RATIONALE OF THE METHOD--THFEORETICAL
CONSTDERATIONS,

Ronald Ross in 18gg put torward the concept of mataria conirol by mosquito
reduction.  Subsequenily, various workers found that total cradication of a vector
species was not cssential to eliminate malaria transmission in an area, but could be
achieved by reducing the number of vector anopheline helow a certain figure

*The rvesalts in term of malaria contrel frave already been admirably summarized by Simmens
and Uphole (19513, Pampana {1931 and Russell {1952a3.

{ 385 )
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which was referred to as the critical density of the vector species. With the introduc-
rion of insecticides, however, a new concept has been put forward that even in
the absence of mesquito reduction, malaria reduction can be achieved through
interception of the vector. A mosquito is able 1o transmit malaria only ten to
rwelve days after toking an infecied blood feed. If this mosquito could be
destroved before the parasite had time to develop to the infective stage, transmission
o malaria would not be possible.  The reduction in the longevity of mosguitoes
s achieved through any of the adulticidal methods whether by space or residual
spraying.

Precisely, what effect the application of insecticides has on the mosquito
would depend upon the degree of contact between the mosquitoes and the treated
surfaces.  The mosquitoes according to their resting and feeding habhits have been
grouped as follows (Gabaldon, 19534) -

{a) fndoor biters and indoor resters which are most associated with man and
are consequently the best malaria vectors.

b}y Indoor biters and ouldoor resters.

¢} Outdoor biters and indoor resters.—Both () and (¢) have varying degree of
association with man and are consequently malaria vectors of secondary importance.

{d) Outdoor biters and outdoor resters which are the least associated with man
ard are consequently less important in malaria transmission.

It would he obvious that mosquitoes in groups (4} and (&) have the best
vhances of contact with the treated surfaces as they rest or feed indoors, thereby
coming into contact with the treated surfaces. In the third group, the
mosquitoes may come into contact with the treated surface if they rest in
houses after the feed, thus giving a varying degree of malaria control, whereas in
ihe founrth group control by the application of insecticides may not at ail he
nossible.

to the first group of mosquitoes reduction or near eradication of the vector
may result whereas in the other groups, there may or may not be appreciable
secduction in mosquito density although malaria control may be achieved through
interception of the vector anopheline.

These statements are, however, oversimplified because whether the species
s zoophilic or anthropophilic and what percentage of the mosguitoes rest
indoors or outdoors would affect their control by the application of residual
insecticides inside the houses,

PRACTICAL RESULTS ACHIEVED.

Chie thing is clear that the application of insecticides has a profound effect
on the control of malaria under widely different conditions. Malaria reduction
fo a greater or lesser degree has followed premises spraying with residual insecti-
vides wherever it has been efficiently carried out in spite of the diversified habits
of the vector species. A good example may be cited of the two most notorious
vectors of malaria in India; A. culicifacies is a domestic species with targe numerical
prevalence, predominantly zoophilic with poor infectivity rate and on the contrary
A. faranilis is a sparse species resting mostly outdoors, predominantly anthropophilic
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with high sporozoite rate, yet malaria iransmitied by both has been equally well
controlled. There are, however, a few exceptions where malaria control may be
doubiful due (¢ one or the other of the following factors:—

(1) Due to the peculiar habils of the reclor species—The mosquitoes belonging
to group {d) mentioned above may not be vulnerable to this methed of attack.
(Gabaidon {19534) has madc reference to failure of malaria control with residual
insecticides in case of A. bellator in Trinidad, and aiso A, minimus favirostris in
Philippines. The malaria transmitted by the former species in Brazil and the latter
species in parts of Philippines has, however, been controlled to a certain degree.

(1} Due to the repellent effect of residual insecticides-—For example, 4. gambie,
and A. melas in Africa are repelled by D.D.T., but are successfully controlied by
B.H.C. 1In the oriental region, Bertram {1951) reported unsuccessful results with
DL.D.T. on A mintmus in Assam and Reid {1951) on 4. lelifer.  These findings have
not been supported by other workers—Dowling (1951); Hamon and Dufour (1952)
as quoted by Gabaldon (19534) in the casce of 4. gambie: Gilroy {1651} in the case
of A, minimus and Nair {1951) in the case of 4. lefifer.

(1) Due o the development of resistance to vesidual insecticides.—I'he development
of resistance in vector species may jeopardize control of malaria. So far only a
{ew authentic cases of resistance have been reported, namely, 4. sacharovi in Greece,
1. atbimanus in Panama and A, sundaicus in Indoncesia, but not to an extent sufficient
o interfere very seriously with control programmes.

Near eradication of malaria has been reported in the case of A. guadrimaculatus*
in U.S.A., A.darlingi and A. albimanus in Venczuela; 4. fluvialilis in Bombay State,
Tndia.  Om the contrary only slight reduction in malaria has been achieved in
the case of following species: 4. aguasalis in South America, A. vestitipennis in Mexico;
A. sacharovi, A. sergenti and A. superpicius in Jor "wn, A. moucheti mouchelt in Belgian

longo; A. albimanus in Mexico.

It would also he obvious from the lollowing pages that uniform results on the
samie vector species in different areas have not been obtained, perhaps due to the
varying degree of efficiency with which control programme has been carried out,
the differences in the habits of the same species in different areas, and other local
factors and circumstances.

The disparity in the results obtained with different vector species with similar
resting and feeding habits is, however, not clear, unless it could be shown that in
details the habits were variable. Presumably the disparity may be due to the
varying proportion of indoor and outdoor resters and biters, and whether zoophilic
or anthropophilic. Tt would be evident that, in case of all the seven species referred
to above where only slight veduction ol malaria has heen reporied there are local
vartations in their vesting and feeding habits and food preferences,

It may, however, be pointed out that in spite of the fact that insceticides have
heen used for the control of malaria for about ten years, there are a number of
species about which no data is available {Table I}, Tt would seem desirable that
investigations on these species should he given priority,

*Very marked acquired resistance has been reported in the case of A, Qnaa'rimamfams in rertain
pars of 15, 8. A, (Personal communication--K. I} Onarterman, 155).
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TasLe 1.

LiST OF SPECIES ON WHICH DATA IS NOT AVAILABLE,

A. pulcherrimes, A. gambiz melas, A. hancocki, A, hargreavesi, 4. moucheti nigeriensis,
A, phargensis, A, rufipes, A. barbirostris, A. hyrcanus nigerrimus, A, jeyporiensis candidiensis,
A, leucasphyrus lencosphyrus, A, novumbrosus, A. stephensi mysorensis, A. subfictus subpictus,
A wmbrosus, A, bancrefti  bancrofti, A. punctulatus, A, kochi, A, punclimaculatus,
1. brunmipes, A. funestus imeriensis, A. nili, A, hyrcanus williamsoni, A. Iudlowi tornkala,
and 1. fessellatus.

The actual results achieved in the ficld on the effect of insecticides on vector
annpheline mosquitoes are briefly summarized in the following pages. The data
nn the resting and feeding habits of mosquitoes and their sphere of inflnence has
#lso been included. *

GROUP (A).
INDOOR RITERS r\NI}I ENDHOOR RESTERS.

1. A, (M.} acenitus Donitz, 1go2.—Vector in Indonesia and Indo-China.

Adult females, as a rule, feed and rest indoors.  They readily feed on man,
Anthropophilic indices of 11+2 {caught from houses) and o'5 (caught from stables)
per cent have been recorded from Indo-China and 12-0 (cattle present) and 610
reattle scarce) per cent from Indenesia,

In Indonesia, Van Goor and Lodens {1952) reported reduction in the vector
popuiation and malaria morbidity with D.DVT, residual spray applied at the rate
of 200 me.jsq. ft.

2. A LN afbitersis Tiynch Arribalzaga, 1878.—Vector in Brazil, Columbia
and Venezoela.

Adulis in certain areas may occur in houses and show marked preference
oy hivman blood; in other areas they do not appear to occur in houses, and they
may have preference for animal blood.

In Venezuela, Gabaldon and Berti {1g34) have reported malaria eradication.
Pinotti {rg51) in Brazil, reported reduction in malana morbidity with D.D.T.
residual spray applied at the rate of 200 mg./sq. {t. though there was no effect

on the vector density.

4. A, (M) anmularis Van der Wulp, 1884.—Vector in Fastern Tndia,
Pakistan and Burma,

Adults are found in large numbers in cattlesheds, and sometimes in houses
also.  Usuvally they feed and rest indoors. They are markedly zoophilic
but feed on man as well.  Anthropophilic indices of 100 {cattle present} and 500

*Pallicationg by Covell (1027 1 10315, Russelt of. af, {1943 0 19445 ; Boyd (19491 Ruserd] 119820
and Gabaldon (195381 have bren (reely consalicd, ! )
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{cattle scarce} per cent have been recorded from Indonesia and 16 per cent from
Assam, India.

In India, Hajra {1948) and Adhikari and Ganguli {1949) recorded reduction
in the vector density and malaria morbidity with D.D.T. residual spray applied
at the rate of 38-50 mg./sq. ft.

4. Ao (N aguasalis Gurry, 1g932.—Vector in Venezucla, Brazil, Trinidad,
Grenada and Santa Lucia.

Adults in some localities are anthropophilic and house fregquenting and in
other zoophilic and sylvan. Zoophilic species seldom found in houses when
domestic animals are abundant., [Its vectorial activities may be limited because of
this fact, :

In Brazil, Trinidad, Tobago and Venczuela, Pinnottt (1951) and Gillette
{1953) recorded reduction in malaria morbidity with D.D.T. residual spray applied
at the rate of 200 mg.fsq. fi., though there was no cfect on the vector density.
Senior White {rg51) has observed in Trinidad that 4. equasalis, an indoor rester,
has been found resting outdoors,

5. A {(A4)  atroparous Van Thiel, 1g27.—Vector in Baltic, Netherlands,
Germany, Portugal, Spain and Rumania.

Domestic mosquito; spends most of its life indoors; is powerfully attracted to
. stabled animals almost to the exclusion of man, but may overflow into human
habitations in search of food under various circumstances, among which are dis-
proportionate density of anophelines or scarcity of animals or for other reasons
connected possibly with temperature, humidity or odour. Although bites man
less readily, vet anthropophilic indices 6-09 and 400 per cent in Spain and 84 per
cent in Holland have been recorded.

In Netherlands, Van Thiel (1g53) as quoted by Gabaldon {19534 : 19535},
recorded reduction in vector density and malaria morbidity with DT, residual
spray applied at the rate of 100-200 mg./sq. ft.

6. A. (A} azlecus Hoffman, 1g35.—Vector in Mexico.
Adults feed indoors as a rule. Feed on man or animal without much
preference.  Rest indoors as well as outdoors.

In Mexico, Downs and Bordas {1951) reported reduction in malaria morbidity
with D.ID.T. residual spray applied at the rate of 200 mg./sq, it

7. 4. (A claviger—Vector in the Near East, Baku Region, Cyprus and
Palestine. .

A domestic specics in Palestine, where it commonly enters houses and freely
bites human beings and rests in indoor shelters, In some countries it is considered
to be wild species and it rarely enters houses. '

In Grecce and Italy, Livadas {1950) and Missiroli e al. {1948) recorded
reduction in malaria morbidity with D.D.T. residual spray applied at the rate of
180-200 mg./sq. fi. They did not observe any effect on the vector density.
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8. A.(K.) cruzi Dyar and Knab, 1908.—Vector in South East Brazil.
Adults feed and rest indoors and outdeors and prefer animal blood.
In Brazil, Pinnotti (1951) observed no effect on vector density but there was

reduction in malaria morbidity with D.D.T. residual spray applied at the rate
of 200 mg.jsq. ft.

9. 4. (M) culisifasies Giles, 1901, —It is an important vector in India,
West Pakistan, Afghanistan, Ceylon and Burma.

Adult females feed and rest indoors and they bite man freely but the
anthropophilic index is usually low, except during an epidemic. Anthropophilic
indices of 16 and 25 per cent have been recorded from India.

In India, reduction in vector density and malaria morbidity was recorded
by the application of D.D.T. at 50-60 mg./sq. ft. and of B.H.C. a1 10 mg. gamma
isomerfsq. ft. {Jaswant Singh and Datip Singh, 1949; Viswanathan, 1g50;
Jaswant Singh et af., 1951). Similar results were obtained in Pakistan and Ceylon
with D.D.T. applications at 25-38 mg./sq. ft. (Afridi and Bhatia, 1947; Puri and
Bhatia, 1947) and s50-200 mg.j/sq. ft. (Rajendram and Jayewickreme, 1947),
respectively.

10. 4. (N.) darlingi Root, 1926.--Vector in British Honduras, Columbia,
Venezuela, Guianas, Brazil, North West Argentine, Bolivian foot hills, Equador
and Peru, '

This species is markedly anthropophilic, and readily enters houses from dusk.
to any time at night. As a rule, rests in indoor shelters. In Venezuela, out of
100 mosquitoes of this species caught 9o t g8 were from human dwellings.
Aunthropophilic index of 63 per cent has been recorded from Brazil.

In Brazil, with D.D.T. (200 mg.fsq. ft.) application though there was little
effect on vector density, there was reduction in malaria morbidity (Pinnotti, tg51).
Similar applications of D.D.T. in Argentina and French Guiana also resulted in
reduction in malaria morbidity (Alvarado, 1953, as quoted by Gabaldon, 1g53a:
1953h; and Floch, 1952). There was reduction or eradication of the vector as well
us malaria in Bolivia (Moscose-Catrasco, 1955, as quoted by Gabaldon, 1953a:
1g54h) and Columbia {Ranjifo and de Zulueta, 1952) and in Venezuela with D.D.T.
applications at 200 mg./sq. ft.

11, A. (M) farawti Lavern, rgoz.——Vector in Australia, New Guinea,
Solomons, Hebrides, New Britain to Eastern Celebes.

Adult females may feed and rest indoors or outdoors and take human or
cattde biood without much preference.

In New Hebrides islands and New Cuinea, reduction in vector density and
malaria morbidity was recorded with D.D.T. application at the rate of 100 mg./sq.
ft. {Yust, 5947; and Bang et al., 1947).

r2. A, (A} freeborni Aitken, 193g.—Vector in West U.S.A., and North
West Mexico.

Adults feed and rest indoors. They readily feed on man, show progressively
higher prevalence of human, pig, horse and cattle blood in their precipitin tested
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stomach contenvs, Malaria has practically disappeared in territories occupied by
this vector (Hackett, 1952).

19. A, {M)} funestus funestus Giles, 1g900.—Vector in PFast, West, Central
and South Africa, Mauritius and Madagascar.

Adult females feed and rest indoors and are anthropophilic. It has been
shown that the species prefers to bite indoors and that an increase in number of
accupants in a hut causes an increase in the number of adult mosquitoes which
enter it. Anthropophilic index of 61°3 per cent has been recorded in Kenya.

Reduction in malaria was observed in Southern Rhodesia (Alves, 1951)
with B.H.C. (46 mg. gamma isomer/sq. ft.) and in Ruanda Urandi {Jadin, 1g51)
with D.D.T. (200 mg./sq. {t.) application. Eradicaton and reduction of the
vector and reduction in malaria morbidity has been recorded in Mauritius (D.D.T.
170-260 mg./sq. ft.), Reunion and Belgian Congo {D.D.T. 200 mg.fsq. ft.}, with
D.D.T. applications (Dowling, 1951, Hamon and Dufour, 1952 as quoted by
Gabaldon, 19544:79530 and Vincke, 1948). There is a very remarkable control
scheme in Madagascar; larger than any of the others in which local eradication of
this specics has been obiained together with 4, gambiz {Personal communication
from Prof. G. Macdonald, 1954).

14. A. {M.) gambiz pambie Giles, 1900.—Vector in East, West, Central
and South Africa, Mauritius, Madagascar and Reunion,

Adult females feed and rest indoors and definitely prefer human blood. High
anthropophilic indices of about 82 per cent have been recorded from West Africa
and Kenya.

Jadin {1951} in Ruanda Urundi observed reduction in malaria morbidity
with D.D.T. (200 mg./ sq. ft.} application. Dowling (1951) in Mauritius (D.D.T.
170-260 mg./sq. {i.), Hamon and Dufour (1952) as quoted by Gabaldon
{1953a:19535) in Reunion, and Vincke (1948) in Belgian Congo {(D.D.T. 200 mg. /sq.
ft.) observed that there was no effect on vector density though there was reduction
in malaria morbidity with insecticidal applications.

5. A (M) gambiw melas Theobald, 1go3.—~Vector in West Afica {coastal
region).

It feeds and rests indoors and prefers human blood.

Data on its control by the use of insecticides not available.

16, A. (M) hancocki Edwards, 1929.—Vector in East, West and Central
Alfrica. _

It feeds and rests indoors and takes human or animal blood without much
preference,

Data on its control by the usc of insecticides not available.

17. A (A.) hyreanus sinensis Wiedemann, 1928.—Vector in the plains of
China and Formosa.

It feeds and vests indoors and takes human or cattle blood without much
preference. In parts of China, jt is a voracions human feeder. Anthropophilic
indices as high as 95 per cent and as low as 0°g per cent have been recorded from
Shanghai and Indo-China, respectively.
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Reduction in vector density was recorded in Nanking Region, China, with
D.I3.T. applied at the rate of 150 mg./sq. fi. (Agr. Res. Council Absiracis, 1950, as
quoted by Jaswant Singh ¢ al., 1954).

18, A, (M.) Jepporiensis candidiensis Koidzumi, 1924,—Vector in Travancore
{India), Burma, Indo-China and South China,

Adult females feed indoors but may rest indoors or outdoors and are strongly
anthropophilic.  Anthropophilic indices of 590 and 70°0 per cent have been
recorded from Indo-China.,

Data on its control by the usc of insecticides not available.

19. 4. (M.) kochi Donitz, 1901.—Vector in Indonesia. Adults are modera-
tely domestic, frequenting houses and stables and feeding on man and animals,

Data on its control by the use of insecticides not available.

20.  A. {A.) labranchie Falleroni, 1926.~—Vector in Spain, Morocco, Algeria,
Twunisia, Traly, Corsica, Sardinia and Sicily,

Adult females enter houses in large numbers. They are not known anywhere
1o be effectively deviated from man by domestic animals. They prefer to feed, rest
and hibernate in buildings, This makes house-spraying with insecticides specially
effective,

In Italy Missiroli ef al. (1048} reported reduction in vector density and
malaria morbidity with D.D.T. (200 mg./sq. ft.) residual spray.

a1, A. (4.} maculipennis maculipennis Meigen, 1818,—Vector in Turkey and
Bulgaria.

Adul: fenales feed and rest indoors and outdoors and prefer animal blood
but at times may feed on man,

Livadas (1g50) recorded reduction and eradication of vector and reduction
in malaria morbidity in Greece with D.T. (180 mg./sq. ft.) residual spray.
Missiroli ef al. {1948) in Ttaly observed reduction in malania morbidity but little
«flect on vector density with D.D.T. applied at the rate of 200 mg./sq. ft.

22.  A. (M.} mangynus Banks, 1906.—Vector in Philippines.
It hites indoors but may rest indoors or cutdoors.

in Philippines, Bhatia {1g53) as quoted by Jaswant Singh et af. {1954}
recovded reduction in its density with D.D.T. applied at the rate of 200 mg./sq. ft.

~ 23. A (A.) messae Falleroni, 1926.—Vector in Hungary, Germany, Poland,
[7.8.8.R., Balkans and Manchuria.

Tt is powerfully attracted to stabled animals almost to the excluston of man,
but may overflow into human habitation in secarch of food under various circum-
stances among which are a disproportionate density of anophelines, or scarcity of
animals, or for other reasons connected possibly with temperature, bumidity or
udour, Anthropophilic index of 63'0 per cent has been recorded in Holland.

In Netherlands, Cseh Firios {1952) recorded reduction in vector density

and malaria morbidity with D.I.T. residual spray applied at the rate of 200-300
mg.fsq. ft.
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24. A, {M.} minimus minimus.—Vector in North-cast India, Burma, Indo-
China, South China, Formosa, Indonesia, Hong Kong, Thailand, Amoy Island,
Sumatra, Celebes and Moluccas.

Mainly a domestic specics with a high preference for human blood. 1t feeds
indoors but may rest indoors or outdoors,  Anthropophilic indices as high as 857
and g2'4 per cent have been recorded from India.

In India, D.D.T. applicd at the rate of 50-120 mg.fsq. ft. (Puri and
Krishnaswami, 1947; Kar, 1g50; and Krishnaswami, 1952) and in Thailand at
200 mg.fsq. ft. (Bhatia, 1953, as quoted by Jaswant Singh # el., 1954) resulted in
reduction of vector density and malaria morbidity.

25. 4. (M.} moucheti moucheti Fvans, 1925.—Vector in Belgian Congo
and Uganda.

It feeds and rests indoors and takes human or animal blood without much
preference,

Davidson {1950) as quoied by Gabaldon (19534:19535) recorded slight
reduction in malaria morbidity with B.H.C. applicd at the rate of 10 mg. gamma
isomer/sq. ft.

26. A. (M.} mousheli nigeriensis Fvans, 1931.—Vector in Nigeria.
it feeds and rests indoors and takes human or animal blood without much
preference.  Data on its control by the use of insecticides not available.

27, A. (M.} nili Theobald, 1901.—Vector in Belgian Congo, Liberia,
Sierra Leone,

In some parts, this specics enters houses, bites man and may be an important
vector of malaria; whereas in others the insect is rare and is of no importance.

Dyata on its control by the use of insccticides not availahle.

_ 28. A, (M) philippinensis Ludlow, 19o2.—Vector in Bengal, India and
Fast Pakistan.

Adults chiclly rest in houses usualfy 1§ {t. off the floor, biting at night between
8 p.m. and 4 a.m. In Assam this species appears to be zoophilic. An anthropo-
philic index of 6-4 per cent has been recorded from Assam, India.

In East Pakistan, Nasir-ud-din (1952} recorded reduction in malaria morbid-
ity with D.D.T. applied at the rate of 106 mg./sq. ft.

20, A, (4 psendopunciipennis  Theobald, 1g9or.—-Vector in Mexico,
Columbia, Bolivia, Peru, Chile, Argeniina, probably Gautemala, Venezuela and
Equador.

As a rule, adult females feed and rest indoors and take human or animal
blood without much preference.  Anthropophilic indices of 50 to 676 per cent in
Argentina and 25 per cent in Venczuela have been recorded.

In Mexico, Downs ef al. (1950} observed reduction in vector density and
malaria morbidity with D.D.T. application {200 mg.fsq. ft.). Similarly D.D.T.
{200 mg./sq. ft.) residual spray in Columbia, Ecuador, Peru (Montalvan, 1953)
and Argentina (Alvarado, 1953 as guoted by Gabaldon, 1953¢:19536) resulted
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in the reduction of malaria morbidity. In Bolivia and Venezuela, D.D.T, applied
at the rate of 200 mg./sq. ft. reduced malaria morbidity but had little effect on
vector density {Downs et al., 1950 and Moscoso-Carrasco, 1953, as quoted by
Gabaldon, 195342:10538).

30. A. (M.) puicherrimus ‘Theobald, 1go2.—Vector in Caucasus and Iraq,

The {emales of this species like to concentrate around settlements, but they
oceur also far from man and his herds.  As resting places, they choose buildings
as well as outdoor places, burrows, vegetation and the like. They viciously bite
man and animals. It is a bold feeder attacking animals and man in the open
by day or by night.

Data on its control by the use of insecticides not available.

31. A, (M.) punctulatus Doniiz, 1901.—Vector in New Guinea, Solomons
to Halmahera,

Adult females feed and rest indoors or outdoors and take human or caitle
blood without much preference.

Data on its control by the use of insecticides not available,

32. A, (A.) guedrimaculatus Say, 1924.—Vector in Central, South and Last
C.S.A

Adults are most active at night, females fiy as far as one mile to obtain animal
or human blood meal, and readily enter houses where they often spend daylight
hours in dark corners. It is the most abundant anopheline found in houses and
other man-made shelters; prefers bovine hosts; but at times or in places feeds on
man,

Andrews {1951) recorded reduction in vector density and malaria morbidity
in U.S.A., with D.D.T. residual sprays (200 mg./sq. ft.).

93. A. (M.) rufipes Gough, 1910.~Vector in West Africa, coastal region.

Adults have been found in human dwellings, cowsheds, and outdoor haunts
including rock clefts and cavities in banks along streams.

Data on its control by the use of insecticides not available.

. A. {4.) sacharovi Favre, 1903.-—It is an important vector in Balkans,
Near Hast, Central Russia and West China,

Adults enter human habitations where they persistently bite man. They
sometimes feed indiscriminately on man and domestic animals and rest indoors or
outdoors.

Reduction or eradication of the vector species and reduction in malaria
morhidity has been recorded from Greece {D.D.T. 100 mg.(sq. ft.} (Livadas, 1g50);
Jtaly (D.D.T. 200 mg.[sq. ft.} (Missiroli e al., 1948) and Jordan (D.D.T. 200 mg./
sq. ft.}) (Farid, 1953) with D.D.T. residual sprays.

35. A. (M.) sergenti Theobald, 1907.—Vector in Canary Islands, Egyptian
oases, Transjordan and Israel.

Adults readily enter houses, and bite most frequently after dark, prefer anima)
blood but at times bite man. They are Ibund resting in caves, karezes, also in
houses and tents.
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' In Jordan, Farid {1958} ebscrved slight reduction in malaria morbidity but
little effect on vector density with D.D.T. applicd at the rate of 200 mg./sq. ft.
36, A (M.) stephensi mysorensis Sweet and Rao, 1937.—Vector in South
India. Considered less important as vector than the type form, but Senior White
1{&:15 (él:to)ted by Boyd {1949) considered it to be chicf rural carrier in Vizagapatam
ndia).

This species is less hardy than the type form and has more zoophilic
tendencies.

Data on iis control by the use of insecticides not available.

97, dA. (M.} siephenst stephensi Lisbon, 19or.—Vector in Persian Gulf area
and India. '

It feeds and rests indooss. Adults are commonly found in houses, barracks
and cowsheds. Feeds avidly on man.

In West Pakistan, Afridi and Bhatia {1947) recorded reduction in vector
density and malaria morbidity with D.D.T, sprayed at the rate of 25-38 mg.fsq. ft.
In India similar results were achieved by Adhikari and Ganguli {1949) with D.%.T
applications (100 mg./sq. ft.).

98.  A. (M.} subpictus subpictus Grassi, 18gg.—Vector in Celebes.

It feeds indoor but may rest indoors or cutdoors. Adults are found in 1
numbers in houses and in cattlesheds. They may feed on man, but apparentty
Erefer cattle. Anthropophilic indices as low as zero and as high as 250 per cent

ave been recorded from India,

Data on its control by the use of insecticides not available.

39. . (M.) sundaicus Rodenwaldt, 1926.—~Vector in North-cast India,
Fast Pakistan, Indonesia, Andaman, Malaya, Sarawak and Borneo.

They rest in houses and cowsheds and are voracious feeders, biting by day
as well as by night. They may bite indcors or outdoors. In Indonesta it shows
an overwhelming preference for human blood cven in the prescnce of cattle,
Anthropophilic indices of g40 and 86’0 per cent have been recorded from
Indonesia.

In India (D.D.T. 100 mg.jsq. ft.) and Indonesia (D.D.T. 200 mg.fsq. ft.)
reduction in vector density and malaria morbidity was recorded with D.D.T.
residual sprays (Adhikari and Ganguli, 1949 and Van Thiel and Winoto, 1951).

go. A. (M) superpictus Grassi, 189g.—Vector in Fastern Mediterranean
countries including southern Ttaly, Near East, U.S.5.R., and Baluchistan (Pakistan).

Adults readily enter houses, tents and barracks, and females prefer human
blood. They are found in large numbers in outside resting places also (caves and
karezes).. Anthropophilic indices of 48°1, 297, and 233 per cent of thosc captured
in stables were recorded from Yugoslavia, Greece and Cyprus, respectively.

In Greece, {D.D.T. 180 mg.jsq. ft.), Pakistan (D.D.T. 25-50 mg./sq. ft.)
and Afghanistan with D.D.T. residual sprays (D.D.T. 112-200 mg. per sq. ft.)
reduction in vector density and malaria morbidity was recorded {Livadas, 1950;
Afridi and Bhatia, 1947; Puri and Bhatia, 1947; and Rao, 1951).
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41. A. {M.) parune Tyengar, 1g24.—Vector of local importance in some
hilly and foot-hill areas of East Central India.

The adults are found both in cowsheds and human habitations, and feed
readily on man,

Senior White {1945) obtained cffective control of this species for eight weeks
in Jeypore hill tracts, India, with D.D.T. applied at the ratc of 50 mg./sq. {t.

42. A. (A} vestitipennis Dyar and Kunab, rgo6.—Vector in Mexico and
British Honduras.

Adult females readily enter houses and feed indoors but may rest in indoor
ar outdoor shelters, They take human or animal blood without much preference.

In Mexico with D.D.T. applied at the rate of 200-250 mg. per sq. {t., Salinas
Dopez and Roquet Perez (1950) obtained slight reduction in malaria morbidity
but no effect on vector density.

GROUT {B).
INDOOR BITERS AND OUTDOOR RESTERS.

1. 4. (N) albimanus Wicdemann, rg21,—Vector in Central America,
West Indies, Garibbean Coast, Venezuela, Columbia, Pacific Coast and Fcuador,

Tt feeds indoors bat rests in outdoor shelters. Adults are nocturnal in habits
and avid feeders on man who may be the preferred host, or on horses, cows, goats
or pigs. They invade houses in large numbers but do not, as a rule, remain in
houses after sunrise. Its domesticity is low in Venezuela. Out of 100 mosquitoes
of this species caught, two to five come from houses. Anthropophilic index of
14 per cent has been recorded in Vencazuela,

With D.D.T, residual sprays, reduction in vector density and malaria
morbidity has been recorded in Puerto Rico (D.D.T. 150-200 mg.fsq. ft.}) {Gaban
and Lindqust, 1945); Ecuador (D.D.T. 150-200 mg./sq. f.) (Montalvan, 1953);
Venczuela (D.D.T. 200 mg./sq. t.) {Gabaldon, 19532:1953%) and Panama (D.D.T.
200 mg.fsq. ft.) (Galindoe and Gallardo, 1947 as quoted by Gabaldon,
19532:195%0). In Mexico, there was slight reduction in malaria morbidity but
tittle effect on vector density with D.D.T. applied at the rate of 200-250 mg.[sq. fi.

a. A, {M.) fluviatilis James, 1goz.—Vector in hill and foot-hill regions of

India. :
They feed indoors and a significant fraction of population is in outdoor
resting places during the day. The species seems to be composed of two hiological
vaces; one is strongly anthropophilic, while the other feeds almost exclusively on
cattle,  Anthropophilic indices as high as 87-0 per cent and as low as 1'0 per cent
have been recorded in India.

With D.D.T. residual sprays (50-60 mg./sq. ft.) reduction in vector density
and malaria morbidity has been recorded in India (Ramakrishnan ef al., 1948;
Vedamanikkam, 1949; Jaswant Singh and Kariappa, 1949; Viswanathan, 19503
and Srivastava and Chakrabarti, 1g52).
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3. A. (M) leiifer Gater, 1941; Sandosham, 1945.--Vector in Malaya.
Adults are found in deeply shaded places in jungle and also in houses. It

feeds indoors and outdoors but rests in ourdoor shelters. It has marked preference
for human blood and seldom attacks cattle {Nair, 19474).

With D.D.T. application at the rate of 100 mg./sq. ft., Nair (19476:1951)
recorded reduction in vector density and malaria morbidity.

Ao (M) leucosphyrus lencosphyrus Donitz, 1gor.-—Vector in North-east
Assam {India), Borneo, Indonesia and Burma,

Aduits are wild and naturally occur in dense jungle, but may be found in
houses also. Tt feeds indoors but rests outdoors. Adults appear to take human
or animal blood without much preference.  Anthropophilic index of 75'5 per cent
has been recorded in India,

Data on its control by the use of insecticides not available,

5. A (M) maculatus maculains Theobald, 1go1.—Vectors in Malaya,
Indonesia, Yunnan and Hong Kong.

Adults enter houses readily, hite man between g pom, and 2 a.m. and during
the day are Found in houses, cattlesheds and outdoor resting places.  Apparently
the feeding habits of this species differ in different parts. In Assam, Indo-China,
South China and Philippines it appears to be zoophilic while in Malaya and
Indonesia it is anthropophilic. Anthropophilic indices as high as g7'0 and
as low as 28 per cent have been recorded in Indonesia and Philippines,
respectively.

Schiphorst (1952) (as quoted by Gabaldon, 1953¢:19534), obtained reduction
in malaria morbidity with D.D.T. residual application (200 mg./sq. ft.) whereas
Wallace (1948} recorded reduction in veetor density with little effect on malaria
morbidity with D.D.T. applied at the rate of 100 mg.fsq. (i

6. A (M) minimus flavirostris Ludlow, 1gr4.—Vector in Philippines,
Borneo, Java and Celcbes.

Tt hites indoors but rests in outdoor shelters.  Adults bite man and caitle
without mach discrimination. They enter houses at night to feed but do not rest
inside. During the day, they frequently rest under overhanging stream banks.

In Philippines, Smith and Dy {1949} obtained litile effect on vector density
with D.D.T. applied at the rate of 200 mg. per sq. ft. Bhatia {1953) (as quoted by
Jaswant Singh et al., 1954) recorded reduction in vector density and malaria
morbidity with D.D. T. residual spray applied at the rate of 200 mg. per sq. ft.

7. Ao {A.}) novumbrosus Strickland, 1916.—Vector in Malaya.

It may feed indoors or outdoors but it rests in outdoor shelters, There is
insuflicient cvidence regarding its preference for human or cattle blood.

Data on its control by the use of insecticides not available,

8. A. (M.) phareensis "Theobald, 1g901.-~Vector in Egyptian delta and oases
and Uganda Congo,

Tt fceds indoors but rests in outdoor shelters. Yt may be strongly (South
Nigeria) or weakly (Kenya) anthreopophilic. In Egypt, anthropophilic index of
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those caught from houses and tents was g7°5 per cent and those from stables 103
per cent. Apparently spends the day in ricefields as none are found in stables,
houses or similar shelters {Nile Valley). Prof. G. Macdonald’s experience is very
much against this observation (personal communication, 1954).

Data on its control by the use of insecticides not available,

9. A. (A). punctimaculatus Dyar and Knab, 1go6.—Vector in Columbia,
Perv and Panama,

It feeds and rests indoors and outdoors and prefers catile blood. Adults are
sbundant in undrained jungle areas and the females engage in flights, invade
dwellings and feed on human blood.

Data on its control by the use of insecticides not available.

0. 4. (A.) umbrosus Theobald, 19o3.—Vector in Malaya and Indonesia.

It feeds indoors or outdoors but rests outdoors. Adults are fierce biters and
ar¢ found in deeply shaded places in dense forests and also in houses. They have
marked preferénce for human bloed. Anthropophilic index of g5-0 per cent has
bren recorded from Malaya.

Data on ijts control by the use of insecticides not available,
GROUPS (€} AND (D).
{3UTPOGR BITERS AND INDOOR RESTERS ; OUFDOOR BITERS AND OUTDOOR RESTERS.

i, A. (4.} bancrofti bancrofli Giles, 19gv2.—Vector in Australia and Dutch
New Guinea.

Adults rarely frequent houses. Tt is said to vary a great deal in its feeding
habits in different arcas. In South Queensland, it attacks human beings in the
hush in the daytime while at Cairns it is said to show some definite discrimination
against man,

Data on its control by the use of insecticides not available,

a. A, (A) barbirestris Vander Wulp, 1884.—Vector in Malaya and
Indoncsia.

To a large extent this is a wild species. It is more frequently found in houses
in the Indian areas than further east. It is the common species in houses in Celebes.
The form occurring in India seems to prefer blood of domestic animals, but in
(lelebes this species is apparently anthropophilic.  Anthropophilic index of go
{cattle present) and 310 (cattle scarce) per cent have been recorded from Indonesia
and g5 per cent from Malaya,

Nata on its control by the use ol insecticides not available.

3. 4. (K.) bellator Dyar and Knab, 1g06.—Vector in Brazil and Trinidad.

It may feed indoors or outdoors but rests in outdoor shelters. In Trinidad,
it does not enter houses in numbers and transmission of malaria is undoubtedly
almost entirely out of doors. It prefers animal blood but may feed on man.

In Brazil, Pinotti {1951} recorded reduction in malaria morbidity but little
effect on vector density with D.D.T. applied at the rate of 200 mg.jsq. fi.
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4 A. {M.) hargreavesi Evans, 1927.—Vector in West Africa inland,

It feeds ouidoors but may rest in indoor or outdoor shelters. Takes human
or animal blood without much preference,

Data on its control by the use of insecticides not available.

5. A. {AY hyrcanus nigerrimus Giles, 1900.—~Vector in Indo-China, Malaya
and Indonesia, '

Adults are rarely found in houses but are found more often in cattlesheds,
They feed and rest outdoors. They bite man outside in the cvening and even in
the shade during the day. This is considered to be a zoophilic species.  Anthro-
pophilic indices of 830, 30°2, and 3-8 per cent have been recorded from Indonesta,
Malaya and India, respectively.

Data on its conirol by the use of insecticides not available.

6. 4. (4.) hyrcanus williamsoni Baisas and Hu, 1936.—Vector in Java and
Celebes.

It feeds and rests indoors or outdoors. There is insufficient evidence
regarding its preference for human or cattle blood.

Data on its control by the use of insecticides not available.

7. A. (N} nuneztovari Gabaldon, 1940.—Vector in Venezuela.

Authentic data on its habits not available,

Gabaldon (19532:19536) with D.D.T. application (200 mg./sq. ft.} in
Venezuela, obtained slight reduction in malaria morbidity but litde effect on
vector density.

8. A. (M.) tessellatus Theobald, 19o1.——Vector in Maldiv islands.

Adults are found resting among trees in the jungle, along banks of streams,
but have heen taken also in houses and cowsheds.

Data on its control by the use of insecticides not available.

SUMMARY.

The observations on malaria control zis-a-vis the application of insecticides
has been reviewed from the global standpoint.

{a) Use of residual insccricides has resulted in effective control of malaria
transmitted by the following vector species:

A. aconitus; A. albitarsis; A. onnularis; A. aquasalis; A. afroparvus; A. aglecus;
A. claviger: A. eruzi; A. culicifacies; A. darlingi; A. farawti; A. freeborni; A, funestus
Junestus; A, gambie gambic; A. hyrcanus sinensis; A. lobranchie; A. maculipenms
maculipennis;  A. mangynus; A4, messe; A, philippinensis; A, pseudopunciipennis;
A. quadrimaculatus; A. sacharovi; A. stephensi stephensi; A. sundaicus; A. albimanus;
A, fluviatilis; A. letifer; A. maculatus moculatus and A. minimus minimus.

() In some countries, use of residual insecticides has not resulted
in effective control of malaria in respect of the following vector species due to
the various factors outlined.



400 Malaria Gontrol by the Use of Insecticides.

A, bellator; A. nuneztevari; A. minimus flaviresivis; A. moucheti moucheli;
A sergenti; A. vestitipennis and A. maculatus maculatus.

i¢) It may, however, be pointed out thatin spite of the fact that insecticides
have been used for the control of malaria for about ten years, there are a number
of species listed below about which no data is available.

A. pulcherrimus; A. gambiz melas; A. hancocks, A. fmrgreavm, 4. mouchett
wigeriensis ; A, pharoensis; A. rufipes; A. barbirosiris; A, hyrcanus nigervimus ; A. jeyporiensis
mndzdzensz:, A. leucosphyrus lewcosphyrus; 4. navumbmms, A, stephensi mysorensis;
A, subprctus subpivtus; A. umbrosus; 4. bancrry'?z bancrqﬁz, A, punctulatus; A. kocki;
A. punctimaculatus; A, brunnipes; A, funestus imeriensis; A.nili; A. hyrcanus williamsont ;
. ludlowi torakala and A, lessellatus.
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