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THE ROLE OF DRUGS IN MALARIA ERADICATION
IN SOUTH-EAST ASIA.

BY
AL B, GILROY.

{Ross institute of Tropical Hygiene, India Branch, Cinnamara P.Q., Assam.)
Flanuvary 28, 195390.%

Tre Second Asian Malaria Conference (1956) stated that the ultimate aim of
nation-wide malaria controf programmes must be eradication of the disease. At
that time it was consideted that the chief place of anti-malarial drugs was to
eradicate infections already present when spraying programmes were initiated
although they were accepted as usefui also in epidemic malaria and in the suppres-
sion of malaria in pioneet settlers and in those people whose occupations kept them
out-of-doors at night. It is interesting that the Conference recorded an opinion
that while the theoretical possibilities were good, yet practical difficulties confronted
their use and particularly so in suppression.

During the subsequent three years, the increase in seriousness of insecticide-
resistance has influenced national malaria control policies by an awareness that there
might be a time limit on the effective use of insecticides and it was almost inevitable
that eradication should become the objective. Any means that may reinforce residual
insecticides in bringing it nearer attainment must be, therefore, examined for
their usefulness, for no man knows how much time remains.

This paper attempts an assessment of the role of drugs in malaria eradication
but does not discuss their pharmacological properties nor their dose regimés, these
having been adequately described by Covell et al. (1455}, Macdonald (1957) and in
the Technical Report Series of the World Health Organization {1954; 1957} Empha-
sis will be chiefly on those aspects that concern the field worker, finding the cases
and ensuring that the required number of tablets are taken.

In broad grouping, anti-malarial drugs may be of special use in the following
situations -—
(i) Residual insecticides alone may be too slow in reducing an initial high
incidence of malaria, or else satisfactory progress may be halted before
complete interruption is achieved,

it} In India and ather Jarge countries, an eradication programme may not
necessarily start simultaneously in every province. Drugs then may be
useful as supportive measures to help late starting areas to catch up to
the general level.

f1i) Drugs may have a unique place in the eradication of malaria in certain
population groups whose lives, as so graphically described in a World
Health Organization Technical Report {1956), “‘are not normaliy led

(1}



2 Rofe of Drugs in Malaria Evadication in South-East Asia.

within fout walls which can be treated with residual insecticides”, These
people may be fishermen or farm and forest workers or they may be
nomads whose tents, so often pitched, struck and packed, possess “walls”
that are not at all suitable for treatment with insecticides apart from the
difficulties of finding the encampmients in lonely trackless deserts.

i) There may be groups, perhaps several hundreds of thousands in number,
still living a tribal existence in remote and inaccessible mountains that
capnot be reached by spraying teams.

v} The usefulness of drugs in checking epidemics is so obvious as te require
no further discussion.
{vi} In the modern concept of malaria eradication, drugs assume the leading
role. '
ivit)  There remain the urgent demands which may be made on drugs should
malaria transmission no longer be controllable because of vector resistance
to residual insecticides.

DRUGS IN RELATION TO SPECIAL SITUATIONS.

The ideal qualities of an anti-malarial drug have been given by Bruce-Chwatt
1966}, This list specifies virtues of causal prophylaxis, suppression, rapid and
compiete curative action, sporontocidal effect, impossibility of creating parasite
resistance, together with low toxicity, very slow excretion, palatability and low cost.

To meet most of the situations listed in this paper, the requitements may be
set rather lower. Were there a drug that, while cheap and non-toxic, was also an
=fficient sporontocide and whose effect was so long-lasting that one—at the most
rwo—administrations would last throughout a transmission season, then the value
of drugs in eradication programmes would be in no doubt and their efficiency and
widespread use would justify heroic measures. But no drug meets these require-
ments nor would any such one appear to be in sight. _

There are a number of papers describing the use of anti-malarial drugs in mass
treatment, with and without insecticide application, Farinaud and Choumara
11954), working in a hyper-endemic area of Indo-China, found that chloroquine,
pyrimethamine or amodiaquine given for two or three months rapidly reduced
parasite rates, though the rate subsequently rose, and only with amodiaquine did
they remain low for several months. Vincke (1854) used pyrimethamine (25 mg,
weekly for adults} in groups of labourers in the Belgian Congo for periods of 5 to
2] weeks and he obtained a rapid reduction of the parasite rate which remained
jfow for six months after the drug was withdrawn. Macdonald (1957 loc. cit.)
suggests that the persistent effect in Africa, and its absence in Indo-China, may be
due to differences in the reaction of strains of the parasite. It is obviously import.
ant that the persistent effect of pyrimethamine should be estimated in the
countries of Asia for the sporontocidal activities of this drug are of considerable
promise in mass chemotherapy.
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Turning to the groups difficult to reach, the tribes in mountainous areas, the
nomads and migrants and those who are out-of-doors at night, there is a need in
Asia for extensive field trials of chloroquinized salt. To Pinotti (1953) goes the
credit of being the first to envisage the possibilities of mass treatment by medica-
ting that most common addition to food, table salt. Recently, Coatney et al. {1958)
have described the preparation of salt medicated with either chloroquine or pyrime-
thamine. They have shown that the substances are not affected by cooking
processes and have tested them with complete success in suppressing vivax malaria
in a small group of volunteers in Georgia, U.8.A. As, however, the drug was
given before experimental infection, the conditions of the trial do not reproduce
those in the field where a large proportion of the population will have been
previously infected.

Before medicated salt can be introduced in any country, it will be necessary
to investigate whether all sources of salt production can be controlled. If small-
scale production goes on over a wide area, control may be difficult or even impossi-
ble ; certainly legal enactments will be necessary to give the required powers.

In addition, the average quantity of salt consumed must be measured so that
the dose of drug can be adjusted. Instances are known where mountain people
exist with very litile salt for many months and then consume large quantities in a
short time, when they come in contact with supplies. With pyrimethamine-salt,
parasite resistance may be expected and with chloroquine-sait resistance cannot be
dismissed as impossible, though there is little likelibood of its occurrence.

In an entirely different category to the above-described situations is the use
of drugs in the surveillance stage of malaria eradication programmes, i.e., when
malaria transmission has been terminated by residual insecticides and the campaign
has been directed towards the discovery of parasite carriers and their complete
treatment. In the first stages when cases may be numerous, single-dose treatments
with chloroquine or amodiaquine, followed by courses of primaquine in vivax infec-
tions, may be all that is possible. As case treatment becomes increasingly successful,
it should then be possible to give the smaller numbers full 3-day treatments. Both
regimés described by Covell et al. {1955 loc. cit.), Macdonald (1957 loc. cit.), and in
the World Health Organization Technical Reports, may need variations to suit local
condjtions and the described regimés cannot be considered as fixed for all time
and all countries.

THE DIFFICULTIES OF DRUG ADMINISTRATION.

Tn a review of the place of drugs In a malaria eradication programme,
the emphasis is on cases of malaria and administration of drugs. In the actual
use of drugs, the viewpoint changes from the impersonal to the personal, from
“cases” to men, women and children, and from “drug administration’ to swallowing
the prescribed number of tablets. The change introduces entirely new problems
that-are incompletely understood, unpredictable and may even be insoluble,
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Firstly, there are the difficulties of discovering parasite-positive cases. No
gencral answer can yet be given to the question, what proportion of actual malaria
cases is found positive in a single thick blood smear ? Then again, people whose
hiood is positive may not feel il and therefore will not offer a chance of blood
axamination by seeking treatment.

Should parasitaemia be discovered in a sampling survey, another set of
nroblems arises because it must not be assumed that a man who does not feel sick
will take a course of treatment unless obliged to do so; to him it would seem
purposeless, still more so if the course consisted of primaquine for fourteen days.

Again, a person may feel ill, may request treatment and may have a blood
smear taken, but if his symptoms have disappeared before the blood is examined
and the result reported to the treatment unit, the factors described above will
again operate.

Formidable as are these difficulties, they are dwarfed by those confronting
conmnusus drug administration. Ray (1948}, working with controllable tea estate
tabourers in India, and taking all possible care to ensure continuous and regular
drug administration, found that only 70-80 per cent of his people never missed 3
single dose in six months.

Gilroy {1952) in Assam used urine tests to check the administration of
sroguanil and found that only 56 per cent of tea estate labourers, said to have been
given their tablets, had actually swallowed them. If these difficulties are encounter-
od with disciplined people, accessible and readily supervised, to what extent will
they increase when drug administration is applied to people whose numbers may
not be known. who live in distant villages difficult of access and who are, perbaps
for the first time, encountering mass chemotherapy ?

Why people resist attempts to make them swallow pills week after weck, is
not known. It is quite certainly a complex problem that would justify investigation
by social anthropologists. The attitude may perhaps be glimpsed if we imagine
ourselves lined up outside our houses, or made to visit treatment centres, every week,
1o swallow a tablet whose purpose is not entirely clear to us and bence is suspect.
“eaith education will certainly help but it is a slow process, perhaps oo slow to fit
‘n the time schedule of malaria eradication programmes,

Legal power to enforce drug administration has been suggested, To anyone
wiw is experienced in the lengths to which people will go to evade swallowing
medicine and who has seen the growth of consumer-resistance, legal sanction would
seem certain to convert guile and indifference into sulien opposition.

CONCLUSIONS,
Anti-maiarial druegs are of unguestionable importance in the surveillance phase

»f malaria eradication programmes. In limited areas they have effected a rapid,
rhough temporary, reduction of parasite rates. They may be the method of choice
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in eradicating malaria in probiem groups such as nomads, migrants and dwellers in
mountaies and forests.

Their theoretical and experimental virtues, however, encounter formidable
obstacles in practical application, and to underestimate or minimize them does
eradication a dis-service and sets the goal further off. Too often it becomes appar-
ent that the greatest hindrance to malaria eradication, and the greatest challenge to
the malariologist is, in fact, man himself,
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INSECTICIDE RESISTANCE IN SOME ANOPHELES LARVAE.
BY
R.ELLIOTT.
(Entomoiogist, Malaria Service, Medical Depariment, Federation of Nigeria.}
{Apeif 6, 1059,
INTRODUCTION.
THE response to insecticides vf Anopheles lorvae has been studied by means

of a technique devised primarily {or A. gambige Giles {Elliott, 1958); the present
account refers to the extension of this method 10 two other species,

METHOD,

Batches of about 13 huvae in the carly and nmuddle part of the [ourth ingtar
were exposed to aqueous dilutions of toxicant for one hour, removed to clean water,
fed, and examined for mortality after anuvther five hours. The temperature was
controiled at 27°C. {(80°F.).

A. SUNDAICUS RODENWALDT.

Larvae hatching from eggs sent to Lagos from two of the Ross Institute
colonies of this species were tested.  The two strains originated in Malaya and Java,
the former showing normal susceptibidity and the latter DDT resistance in the
adult state {Davidson, 1957). The response to DDT is shown in Grapn L

The median letbal concentrations (LCS80) for DDT (in parts per miliion)
were 1~-

{with confidence limits for 93 per cent probability cbiained by the method of
Litchfieid and Wilcoxon, 1949)

Malava ... w235 ppm (0-26—047).
fava e veo 2B ppm (19-33).

For dieldrin, the LCBU appeared to be approximately 025 ppm for both strains,
but could not be accurately determined with the number of larvae available,

A, STEPHENS! LISTON.

Of this species three sirans irom the Ross Institute were tested ; a susceplis
ble strain from ladia, a strain selected from this by breeding for 20 generations
from larvac surviving exposure to DDT, and a resistant strain from Iraq.

{7)
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The resulis of exposure to DDT are shown in Graph 2, The LGS0 values for
DDT and dieldrin, (with confidence limits as before}, were :—

ppT Dieldrin
Indan 37 ... 115 ppm {7-7--17-23) 0-084 ppm (0-058—0-122)
Selected ... 2245 ppm (}5-0—33-5} 017 ppm {0-094-—0-31}
frag “R” .., 150 ppm (111--202) 0:0¢ ppm (0-029--0-055)

The selected strain was about twice as resistant to DDT as the susceptible
strain from which it was derived, but the resistant field strain was thirteen times
resistant. It will be noted also that the selected strain shows a barely significant
enhanced resistance to dieldrin, suggesting that the result of selection has been to
induce a non-specific *vigour tolerance’. The slopes of the three curves do not
depart significantly from parallelism.

DBISCUSSION.

Since the same physiological mechanisms may be expected to operate through-
out the life history of the resistant or susceptible mosquito, some correlation
hetween adult and larval levels of suscepuibility may be. looked for. Figures
applying to both adult and larval material of resistant and susceptible strains
are available for three species, namely, A. gambive {Davidson, 1956 ; Elliott, 1958)
and the two species considered here, whose adults have been studied by Davidson
{1858), Table I shows the LU0 values obtained for adults using the Busvine-
Nash (1933} method. and for the corresponding larvae using the technique of
Eiliott {19a8}.

Tanre L

Median lethal concentrations of aduit and lurval Anopheles.

Susceptible sirains Resistant Strains
Bpevies Tuxiant | I _ b | ¢ d
1 laevae {ppm) Adubs i larvae {ppm} Adults
¢ {per cent} : {per cent)
. . e !_ . B Lt P
A. gambiae BHC i 0045 | 0107 ! 3.7 2]
A. suadaicus : bpOT i Qidi || v+ 30 ; 250 U
A o e L ] [N
A. stephensi DDHT l | 125 !. 14 : 15040 Tled

The relationship might be expressed by the formuila ;—

LGSO R farvae o LGOS R adules
LG50 S larvae ~ © LC80 S aduits
uvr

1
e K ‘;} {(Table 1)

£
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The vaiues of K from Table U are then :~—

A. gambiae veo K= 27 (1-4—4-2),
A. sundaicus ee K o= 2-85 {1-6—5-0).
A, stephensi e K= 182 (009—3-6).

The figures in brackets indicate exirermne values of K obtained from the 95
per cent confidence intervals of the estumates of farval LC50 values. It is clear that
as yet no correlation is proven, but in view of the value of 2 formula which could be
used to predict information about adult susceptibility from observations on larvae,
and vice versa, the calculation is put forward in the hope that further figures may
be forthcoming.

SUMMARY.

1. The method of Elliott {1958) for examination of the response to insecti.
cides of Anopheles larvae has been extended to larvae of two strains of A. sundaicus
and of three strains of A. siephensi.,

2. In both species, there was evidence of a correlation between the degree of
susceptibility shown by the larvae and that of the corresponding aduits.

3. An attempt was made to obtain an arithmetical relationship between larval
and adult susceptibilities o insecticides, comparing the present results with
observations published on the cotresponding adults and with similar figures
applying to A. gambige.
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NOTES ON THE FEEDING AND EGG-LAYING HABITS OF
FICALBIA (MIMOMYIA) CHAMBERLAINI, LUDLOW 1904,
(DIPTERA, CULICIDAE).

BY

M. A. L1 MENON
AND

M. RV, TAMPL
{Department of Health Services, Trivandrum.}

[March 14, 1958.)

NoT much is known about the habits and bionomics of the Ficdaibias, In these
notes, the feeding habits of Ficalbia (Mimomyia) chamberlaini are described for the
first time together with notes on its hitherto unknown egg.

Barraud (1934} has recorded 5 species of the genus Ficalbia from India. Of
these, three species namely, IF. (Ficalbia) minima, F. (M.} hybrida and F. (M.) cham-
berlaini are common in the Travancore region of Kerala (Iyengar 19352 : 19355}
All these three species are found in association with the water lettuce, Pistia
stratioles. However, F. chamberlaini differs from the other two species mentioned in
that presence of Pistia is not essential for its development, for it has been observed
to breed in ponds with little or no Pistia {Ivengar, 14354 : 19355 loc. cit.).

While on a routine reconnaissance of breeding places of culicines, in connec
tion with the Filariasis Control Programme in Trivandrum City, the authors came
apon a large lank with plenty of aquatic vegetation, mainly Pistia, The margin of
the tank was fringed with Colocasia plants. A search for wild mosquitoes resting
among the leaves of these plants, yielded o Jarge number of males and females of
F. chamberlaini. They could easily be made out by the characteristic yvellow colour
of the pleurae and the yellow bands on tarsi, in distinct relief against the dark green
of the leaves. Many adults were also caught resting on the leaves of the Pistia in
the tank. Even though the mosquitoes definitely preferred shade, it was not unusual
o find individuals resting in the sunlight. The peculiar manner in which they
carried the hind legs arched forwards over the body {Fig. I} while at rest, was also
an unmistakahle mark of their identity. The identity of the mosquitoes was further
confirmed by subsequent systematic study. The tank, on inspection, showed con.
siderable breeding of the larvae of F. chamberlaini, which can easily be distinguished
by the dark, almost blackish colouration of the head {Barraud, 1934 loc. cit.), Other
species breeding in the tank were F. hybrida, Taentorhynchus annuliferus, Culex
vishnui, and some anophelines.

(13)



14  Feeding and Egg-Laving Habits of Ficalbia Chamberlaini.

Frouse 1,

Characteristic resting pose of Ficalbia {Mimomyia} chamberlaini.

FEEDING HABITS OF F. (M.) CHAMBERLAINI.

On closer scrutiny of the collection of F. chamberlaini, it was found that many of
the females had blood-feeds. This was an unexpected finding. According to Barraud
{1934 loc. cit.}, the Ficalbias *do not appear to attack man’. Nor has there been any
known record so far of any species of this genus having been found engorged with
blood. Indeed, even though these mosquitoes are common enough in this area,
they hardly come indoors and are seldom found in indoor collections. This has
been substantiated by the conspicuous absence of the species in the collections taken
from the dwellings in the close vicinity of the tank in question. Furthermore, they
are weak fliers and, apparently, they do not move far from the breeding sites. Con-
sidering these facts, it was presumed that the source of the blood meal seen in the
engorged specimens of F. chamberlaini was some animal frequenting the tank or its
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immediate neighbourhood. The bull frog (Rana tigrina} which inhabited the tank,
sppeared to be the most likely host of this species.

Starting from this presumption, an atternpt was made to trace the source of
the blood meal in the engorged specimens, in the manner described below :—

More collections of F. chamberlaini were made on the following days from the
same habitat. The fully engorged specimens were separated, and their stomach
contents isolated by dissection in saline on clean slides. The blood clot was teased
fine and mixed well with the saline on each slide, to form a homogeneous drop.
This was then spread into a thin oval film. The dry ilm was fixed in methy!
alcohol, stained in 8§ per cent Giemsa’s stain for 16 minutes, and was examined
under the microscope for any possible cellular characteristics which might give a
clue to the identity of the blood. Of several smears thus examined, 8 showed con-
siderable numbers of large oval nucleated red corpuscles as well as numerous naked
nuclei and nuclear remnants of partially digested red blood corpuscies. The leu-
cocytes appeared to be Jess affectzd by the digestive processes. Those red blood
corpuscles which still retained their original morphology were measured and the
average length and breadth determined. Among the 50 cells measured, the length
varied from 19 w. to 24 . and the breadth from 14 &, to 18 B, giving an average
red cell size of 21 B, X 15 .

The average measurements of the red cells from the blood meals of F, chamber-
laini were then compared with those given by Ecker (1889) for the frog, Rana
tempoyaria, and by Prosser et al. (1950) for birds, reptiles and amphibians, in ail of
which the red cells are nucleated. The average measurements of the blood cells

fall within the range given for amphibians by these authors as indicated in the
Table I helow ¢

Tasce L

Comparative siges of the ved bleod corpuscles of some amphibians.
[After Ecker (1888) and Prosser et al. (1850).]

I

: . Red cell size in
Author i Animal ! microns.
i : {length > breadth)

Ecker (1889)

i Rana esculenta ! 2552174

-do- i Rana temporaria : 23.5% 145
Prosser et al. {1950} ! Rana temporarid : 1947% 133
«do- I Rang esculenta PEM S T

-dao- Bufo vulgarias : 205 15:3

The possibility of the blood meal being reptilian or avian in source could be
ruled out because in either case the red cells are definitely smaller. It was thus
presumed that the mosquitoes had fed on frog’s blood. :

On a subsequent visit to the tank, the authors were able to confirm this pre-
mise by observing some females of F, chamberlaini feeding on frogs {Rana tigrina)
both on land, and in water with their head just raised above the water surface,



1§ Feeding and Egg-Laving Habits of Ficalbia Chamberlaini.

Two female specimens of F. chamberlaint were caught while in the act of
feeding on frogs and smears -of their stomach contents were made on the spot.
The micrascopic piciure of the Blood meal in these cases was quite clear and was
zonfirmatory of the identity of the blood meals examined of the engorged resting
specimens.

‘The area around the frog's eyes seemed to be the preferred feeding site for
these mosquitoes. Apart from being comparatively soft, this area is the most
easily accessible when the frog is afloat. The frogs are apparently callous to the
hites as evidenced by their undisturbed attitude when the mosquitoes feed on them.
As the mosquitoes were found to feed during day time, it would appear that
F. chamberlaini is a diurnal species*.

Whether or not F. chamberlaini exclusively feeds on frog-blood is yet to be
determined. But in the blood-fed specimens whose stomach contents were examin-
ed and in which the cellular characteristics of the blood meal were discernible,
nothing has been found so far to indicate that it feeds on other animals.

Tn view of the fact that frogs have been known to be naturally infected with
vhe Filarioid, Foleyella sp. {(Causey, 1939; Wehr and Causey, 1939), a number of
female specimens (72} of F. chamberlaini were dissected for filaria larvae; but none
was found infected.

THE EGGS OF F. (M. CHAMBERLAINI.

The eggs of F. chamberlaini have not hitherto been known. Some 15 gravid
females were made to oviposit in a Petri dish full of water. placed inside a closed
glass jar. Under these conditions, after four days, only two of these laid, a total of
33 eggs. On a second occasion, another 15 mosquitoes were kept for oviposition
within a large glass jar, 12 inches in diameter, containing water and a few Pistia
nlants. Numerous eggs were obtained this time, indicating that the presence of
Pistia is a desirable factor in thelr breeding.

Theeggs(Plate 1, Fig. 1) on'study were found to be very similar in morphology,
appearance and diamensions to those of F. (M.) hybrida, described by Menon (1938).
The egg is 0°7 mm, X0-2 mm. ‘(average size), boat shaped and its upper side is
Jemarcated into 2 “deck” by a striated frill which surrounds it. The frill is broader
at the apices than at the sides of?the egg. The exochorion is decorated with minute
refractile polygonal reticulation f'szxs.l]:ole in incident light. The egg dehisces by a
fransverse incomplete cleavage just behind the anterior end. In the empty egg shell,
the apical portion remains like a hinged operculum (Plate [, Fig. 2).

Menon (1938 loc. cit.}) pointed cut that the egg of F. hybrida is the nearest
approach among culicines to the Anopheles-type of egg. The finding of identical
cggs in F. chamberlaini suggests that the anopheline features seen in the eggs of
these two speues are possibly charactenst:c of thelr subgenus, M:fromym

N:ght time observat:ons need to be camed out to u:onﬁrm th:s —Ed;m
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Feedmg and Egg-laxing Habits of Ficalbia Chamberlaim N
SUMMARY.

. By stasiving rive seilular chatacienstics in smears of the blood meals of <pear-
mens of Ficalbut (Mimomyia chamberlaini and by actual observationz in the tield,
st i3 established that this species habituully feeds on frogs.

U Vheeggof I (L chamberten i described. Tt is identical with that wf
£, (MY hybride. The anopheline-type of egg seen in these two spuecies is
srubably o distinctive feature of 1the subgenus Mimemyia to which they belong.
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STUDIES ON INSECTICIDE RESISTANCE IN INSECTS
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WEST BENGAL, INDIA.
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PURNENDU SEN, M.5c., Ph.D. {(LONDON), D.1.C,
{School of Tropical Medicine, Calcuiia.)
I'November 17, 1158,]
INTRODUCTION,

ResisTANCE to insecticides is not & new thing in insects, but the phenomenon
has assumed importance in public health insects only recently. True resistance
among the insects came to be known in housefly first and then in Culex and
Anopheles among mosquitoes from countries far and wide like Italy, Greece, India,
Indonesia, Australia during the years 1847 to 1983. The problem has come to be
appreciated in the insects of medical importance since the introduction of synthetic
insecticides. In many agricultural insect pests, on the other hand, resistance has
been reported even with lime-sulphur and arsenic sprays long before the
synthetic insecticides of the chlorinated group appeared.

Valuable reviews on insecticide resistance among insects of public health
importance have appeared from time to time, and the latest by Brown (1958) gives
a complete picture in an admirable way on the subject.

In the present communication, however, an atternpt has been made to record
our experience with the different insects ir this respect in this part of the world and
how far they responded to the susceptibility tests with the different chlorinated
hydrocarbon insecticides and others.

METHODS.

Susceptibility tests in the insects discussed here were mostly carried out by
the Busvine-Nash technique (World Health Organization Tech. Rep. Ser. 80) by
utilising flter papers impregnated locally with different concentrations of insecti-
cides to be tested tinless otherwise stated, the solvents used being ether and white
ail. The insects experimented or were exposed to these papers for one hour or for
a definite time period and the mortality recorded after 24 hours as a routine measure.
Controls were kept and they behaved normally. Tests were carried out under
laboratory conditions through the various seasons during the period October, 1956
to October, 1958,

Houseflies — The houseflies belonging to Musca d. vicina, either wild-caught or-
laboratory-bred, were subjected to various dosages of different insecticides and the
result of the susceptibility tests is shown in Table I. The result is based on
5 to 8 replications of eight flies each.

(19
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TasLs 1.
Tolerance level of houseflies to different insecticides.

Trsveiicides. Dosage (Per cent), Mortality (Per centj,

I,.) S e | - "
Dg—}: A1) 440
Do T : 4+0 Gl
Dieldrin : 1-0 ui.8
Dieldrin . (3 .-;})-.-:
ieldrin 1 Gk 45
Diazinon | (5 10040
Miazinon e i ﬂ-ﬂ.-‘»_ 825
Diazinon e : F-195 800
Malathion ! 1:0 5 100.4

| 1M l 1 (K1

Matathion

~ *Afier 4 hours exposure.

Tt will become apparent that even at a high dosage of 3-0 per cent DDT in
one hour’s exposure the mortality in the houseflies was not more than 44 per cent.
When the dosage was raised to 4-0 and that also after 4 hours’ exposure the LDy,
was obtained, proving that highly resistant strains of flies exist in Calcutta.

Mousca vicina nebulo has proved rvesistant to DDT and BHC in other parts of
the world as in northern districts of Israel (Brown, 1958) and the sub-species wicina
10 DDT only in Tadzhik (10.8.8.R.) and in South-Eastern ltaly, and to BHC in
Egypt {Gahan and Weir, 1850) and Northern India {Khan, 1958) but not o DDT,
Physiological resistance of vicing to chlorinated bydrocarbons has been confirmed
by sufficient data not only from Africa and the Middle East, but aiso from the Far
East as wall as the South Pacific and Hawaii {Quaterman and Schoof, 1958).

The Calcutta flies we worked with, although showed evidence of a positive
resistance to [YDT, these were still susceptible to Dieldrin, Malathion and Diazinon,
s experienced in the flies of South Pacific and Hawaii {Byers et al., 19568) but not
s0 in Lativia {Italy) where the flies proved resistant to Diazinon also (Brown, 1858).

Flies raised in the laboratory from survivals of 1 per cent Dieldrintreated
specimens gave a much higher tolerance level. In the first generation the mortality
was found to be only 35 per cent as opposed to 91 per cent of the original strain
treated with the same dosage {1 per cent) {Table II}, and only 82 per cent in second

TasLe L.

Tolerance level of houseflies subjected to dieldrin pressure through generations.

(GENERATION.
osage. e e e e
: Fl J F{, | FS
| Number | Morcality | Number ' Mostality Number | Mortality
" exposed i{per cent}] exposed - (per cent}: exposed | {per cen)
! per cent e 40 a0 | L T T
# per cent R N I
3 per cent - T e : e 24 81+
i .
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generation with twice the original dosage {2 per cent). A similar rise in the toler-
ance level up to third generation in nebulo was obtained with DDT in Northern
India (Pal et al.,, 1952). Our flies were resistant to knock-down as well, which the
latter workers did not notice in theirs. Although the selection pressure could raise
the tolerance level in the Calcutta flies, their fecundity was retarded in the third
generation as recently reported in certain strains of Australian flies (M. domestica)
{Kerr and Venables, 1957), and we could not proceed further as the brood died.

ANOPHELINES,

Anopheles annuiaris.—Tests with DDT indicated that the species is highly
susceptible to the insecticide. The mortality in the mosquitoes collected from the
fields in neighbouring districts ouiside Calcutta, not subjected to residual sprays,
was neariy cent per cent even in (-5 per cent DDT when tested in the laboratory
{Table I}T}. Even if the contact time was reduced to half-an-hour, the mortalily
was Just as complete in the higher dosages of 2 per cent or I per cent {Sen, 1857),
although in }5 minutes’ contact a few may withstand the dosages. The result was
obtained from 3 to 7 replicates of eight mosquitoes cach.

Tasie II1.

Susceptibitity of A. annularis females to insecticides tested.

Insecticides. 1 Dosage (Per cent). I Mortality (Per cent}.
BDT . 2.0 ‘ 100.0
noT ; 1-1} : ()0

DpT . : {5 ) Y54
Pieldrin ] 0.3 . 100.0

The catculated LCy, of the species, 8-26 per cent DDT, in Bengal specimens
would appear nearly half of that obtained for Rajasthan area at 0-56 (Sharma et al,,

1957a). This difference probably lies in the mosquitoes of the latter place, being
cotlected from sprayed areas.

Anopheles pallidus, A. philippinensis,~~Both these species have become
extremely rare and from the limited tests carried out the LCy of the species from
Hooghly District worked out to be 3 per cent DDT as recorded by Talibi (1958) ;
a much lower figure of 0-125 {or philippinensis quoted by Brown (1958) we failed to
corroborate. A, annularis appeared highly susceptible to dieldrin, and in North
India to BHC as well, with the L. 0-42 per cent and 4039 per cent respectively
(Sharma et al., loc. cit.). :

A. hycranus nigerrimus, A. barbirostris.—These two species, like the others
discussed above, also proved highly susceptible to DDT and, when tested against
t per cent to 2 per cent dosages, induced a mortality of over 80 per cent. These
species exhibited equally low tolerance to gamma-BHC and dieidrin (Table IV).
The species A, hyrcanus nigerrimus is of special significance in the State as a natural
vector of filariasis (Sen, 19537¢).
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Tantz 1V, _
Susceptibitity of A. hyrcanus and A, barbirostris to different insecticides tested.

{Results from 3 replicates of eight mosquitoss each.}

]

MowrtatiTy (PER CENT) ¢

insectcides, “Efia?%ft) e [,
T Sprayed.  Unsprayed.
AL hyreanus DpDT 2 i 106 110
] 86 72
BHC 05 87 100
1 | 100
A, hgrbirostris noDT i i 83 '
BHC 0025 | 0!
SRS U

Malathion 1]

Although in respect of mortality, A. hyrcanus behaved almost similarly
i sprayed and unsprayed villages, its knock-down effect differed at the lowest
dosage (0-5 per cent DDT) which brought about a 53 per cent knock-down in
sprayed area against 87 per cent in unsprayed area.

A. subpictus.—This species from unsprayed areas in 24-Parganas {West Bengal)
proved on tests highly susceptible to the chlorinated insecticides, just as much as the
sther species discussed above, on the observation from 4 to 10 replications of eight
mosquitoes each (Table V). The LGy of the species with DDT was 0-36.

TasLe V.
Susceptibility of A. subpictus to different chiorinated insecticides.

Dosage MorraLtry (PER CENT) :
Insecticides. oo e o
_ tPer cent). Unsprayed ll Sprayed.
DpoT 2.0 100.0 o 93.s
1.0 728 81.2
{13 69.8 68.8
BHC o1 | 800
005 | 70
Uieldrin 03 | BT
01 ; £2.5 .

When A. subpictus from the sprayed areas in Hooghly District were similerly
tested with DD alone, the mortality in 24 hours’ interval after one hout’s exposure
was almost of the same order, indicating that unlike the mosquito from Delhi
villages where the LGy, of the species rose to 3'1 per cent for a 24 hours’ exposure
after about six years’ residual spray as against the normal LC;, of 0-4 per cent for
une hour exposure from unsprayed villages of Uttar Pradesh, the species failed to
acquire higher tolerance or resistance in Bengal villages on repeated sprays for a
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simidar period (Sharma and Krishnamurthy, 1937), The species has also become
resistant in parts of Java recently.

But comparing the species of the sprayed areas with that of the unsprayed
areas, some palpable difference in their knock-down effect wus noticed, While in
the mosquito from unsprayed areas, 1he knock-down percentage in the three dosages
of DDT (2 per cent, 1 per cent, & per cent) was of the order of 83 per cent,
28 per cent and 20 per cent respectively, in the mosquito from sprayed areas the
corresponding figures of knock-down were 55 per cent, 23 per cent and I8 per cent,
indicating a selective effect in resisting the knock-down by the species as & result of
sprays.

Similar variation in the knock-down of A. hyrcunus from the sprayed and
unsprayed areas was also recorded, but the gradients were not so regular in the
three dosages mentioned above as in the A. subpictus. The corresponding percent-
ages in the two sets of observations were 73 per cent, 5 per cent and 87 per cent in
an unsprayed area, as opposed to 92 per cent, 77 per cent and 53 per cent in the
sprayed area, indicaling that at the lowest dosage (-5 per cent DDT) the sprayed
area mosquito was better able to resist the knock-down but at the bigher dosages
{t per cent or 2 per cent DDT) there was a reversal and the species was more
adversely affected at these dosages. Why this should happen is difficult to explain
at this stage ?

In A. subpictus, the gamma-BHC susceptibility has not been suspected in any
part of the Indian region so far ; but with respect to dieldrin, in spite of its strong
suscepiibility in Delhi State with the I.Cy, at 018 (Sharma and Krishnamurthy, 1957
joc, cit.) as also in Bengal where the LO;; came to 0408 nearly half of Delhi, resistance
to this insecticide has been reported from Bombay State as quated by Brown (1958
loe. cit.) where LCg had gone as high as 6 per cent. With BHC the LCy, worked
out to 0-03 in West Bengal.

A, sundaicus.—The species A, sundaicus, despite intensive antilarval measures
with DDT wettable powder (50 per cent} at -3 15 per acre of water surface for a
continuous stretch of over 5 years, is still susceptible to DDT; the area is only
lately placed under tesidual spray after a few years’ suspension of antilarval
measures. The LCy, of the species is more or less the same as in A subpictus,although
in Java {Crandell, 1954) and in parts of Burma (Brown, fvc. cit)) resistance to DDT
has_been reported as a result of large-scale spray operations. The resistance
developed after three years of spray in Java and in Akyab (Burma) after about five
years. Adult A, sundaicus in Java was not sitting on sprayed surfaces and avoided
contacts with DDT.  But the species did not avoid dieldrin sprayed surface, and
has been found susceptibie to diteldrin and BHC,

In Bengal although we had no area where adult pressure was acting, but as
already stated, the larval pressure bad no effect in selecting resistant strains as in
the countries mentioned above. The susceptibiity tests are recorded below
1 Table VI, from specimens collected on the outskirts of Calcutta and observations
based an 3 replications.
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Tapte VI.
Susceptibitity of adult A. sundaicus to different dosages of DDT.

Dosage {Per cent). Mortality (Per cent).
e 60
1«0} ’ 947

2.0 _ 100

The LC,, of the species was 0-4 which would appear almost the same as in

A. subpicius. From other close-by unsprayed areas the LCy of the species had
nroved to be 0-5 (Ganguli et al., 1958) confirming its susceptibility to DDT.

A. minimus.—In field tests A. minimus in Duars proved to be highly suscep-
tible to DDT. At1lor 2 per cent DDT, one hour’s exposure would induce a cent
oer cent kill. The mortality at 05 per cent DDT was found to be 69 per cent which
i5 almost a close approximation of the percentage mortality recorded by Bertram
1950} at 2-2 gm/m?,

A. stephensi—In Calcutta, laboratory tests carried out through different
seasons indicate that the local stephiensi is highly susceptible to hydrocarbon and
arganophosphorus insecticides. In the Jocal strain when subjected to 2 per cent or
1 per cent DDT treatment, a complete kill almost invariably followed. The kill
was not insignificant even at the considerably reduced dosage of 05 per cent DDT,
being nearly 85 per cent.

Similarly, BHC 0-1 per cent produced a mortality of over 80 per cent; this
was, however, less than 50 per cent at 0-5 per cent BHC, (Table VII).

TasLe VII.

Susceptibility of stephensi adults to different insecticides,

{nsecticide. Dosage (Per cent). g Number exposed. I (I;:l;_rg:tg_
VP —— . R B —
DDT ! 2 | 16 T
i ! 38 | 94.7
! 05 44 i 636
BHC : el ‘ s il Rt
, 005 | | 323

44}

The LGy of DDT was found to be 039 {Sen, 1957b) while for that of BHC,
0-08 (Sen, F958). Both the figures prove conclusively that the species in Calcutta is
not only not refractory to DDT but the susceptibility is of a high order to the
insecticides most frequently in use in this country.

The species, however, withstand a larger dosage in South India where the toler-
ance of DDT is very much pronounced, and the Mysore strain from sprayed areas
requires nearly 4 times the dosage used in Calcutta to get the LG, (Shama Sastry
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et al., 19568).  Although the species in Mysote has not yet exceeded the threshold
of susceptibility, 4 close watch on the situation is warranted In order that a condi-
tion like the Persian Gulf zone, where a strong resistance has developed in the
species recently as a result of extensive spray operations in the countries, Saudi
Arabia, Irag and Jran, is not set up.

In Calcutta, although the adults were not from areas subjected to DDT
pressure, the larval pressure as a result of breeding control with antimalarial oil
already existed, for nearly 20 years. During this period, since 1951, occasional
treatments with DDT or BHC water dispersible powder have been used no doubt,
but mostly agzinst culicine breeding.

Larva} conirol with DDT, however, is known to enhance the tolerance of the
species, as happened in Erode Town {Madras) where alter 6 to 7 years of larvicidal
application thie mosquito has become highly resistant to DDT in the larval stage
{Rajagopalan et al., 1956),

We have not yet seen how the stephensi larvae behave on DDT pressure in
Calcutta, neither have we any information on the edults in Erode behaving under
DDT application,

The progeny bred vut from survivals at the highest dosage showed a slight rise
in tolerance up to three generations which confirms the finding of the Ross Institute,
London, working on Delhi strain.  But the increased tolerance soon disappeared
on the withdrawal of the pressure. The experiments further indicated that the
uviposition after third generation was much retarded, and the brood emerging failed
to take a blood feed. The result of these experiments will be discussed in detail in
another paper.

CULICINES.

Culex jahgans.—This species in Calculta as reported elsewhere (Sen, 1957a)
possesses a natural resistance to DDT, but the specimens from outlying areas,
10 to 156 miles beyond, were still susceptible at the top concentration of 2 per cent
which nearly gives the LDy, At this concentration, the kill in the insectary strain
at the Calcutta School of Tropical Medicine was 25 per cent only. The observa-
tions were based on 8 to 12 replications of eight mosquitoes each. The mortality
of 70 to 80 per cent at the dosage of 4 per cent DDT mentioned in an earlier
communication {Sen, loc. cit.), referred to an overall rate where strict separation of
the susceptible strain was not possible.

In the Caleutta strain, the LGy was nearly 3 per cent DDT in 4 hours’
expusure, or at 4 per cent in 3 hours’ exposure. One hour’s exposure in these two
Josages hardly induced a mortality exceeding 31 per cent (Table VIII).

In Calcutta, control of culicine larvae had been carried on for over 20 years
with larvicidal oil, and very seldom with DDT or gammexane water suspension in
the fringe areas under special breeding conditions in the last 5 or 6 years. Unless
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the oiling had some effect in increasing ihe tolerance of fatigans in Calcutta, the
stray application of DDT, as mentioned above, would not make the big difference
reported here.

TasLe VIil.
Susceptibility of Culex fatigans adulis to different desages of DDT
Qutside strain. Insectary strain.
Dosage (Fer centk: i Mortality (Fer cent) Mortality (Per cent).
I ! I8 12
3 ! 48 25
3 . oS3 31.8
3 : 47*
4 1 27
4 | 531
T %4 houre’ exbosure. 1 3 hours” exposure.

DT resistance in fatigans has also been reported from Delhi State after 6
years of residual spray, and from other parts of India like Khurda in Orissa State
{Krishnan, 1956), as well as from other global regions. In Malaya, for instance,
even with the maximum dose of 200 mg/sq. ft. on wall surface, not more than 10 per
cent of the fatigans were killed (Wharton, 1951), The faiigans on sprayed walls
become greatly irritated and leave the room as revealed by window trap collections.

The species did not prove refractory to BHC, however, like the DDT. In the
insectary bred out strain of Calcutta, a higher tolerance was no doubt pre-existent
in the absence of any regular adult pressure, and a cross tolerance of dieldrin also
became apparent from filter-paper tests {Table IX). The LCs with latter in.
secticide was obtained orly at as high a dose as 1 per cent which exceeds many
times the dose required for anophelines.

Tasre IX,

Susceptibility of Culex fatigans adults to insecticides other than DDT.
(From 6 to B replicates of 8 mosquitos each.}

! QuUTSIDE STRAIN: ! INSECTARY STRAIN @
secticide. T L R R
. Dozage {Per cent). Mortality (Per cent). Mortality{Per cent)s
BHC Oed 61.3 434
Dieldrin, v ¢ iz i 123
: (1811 23-0
| 10 52+0
i
halathion ... e th2 5 8743
: =13 373 32.6
Mazinon .. PR Dy . 1 T4
; 0e35 | §7.0
0] 1000

ety | 83.0
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Cross resistance to dieldrin appeared in Kumbakonan (Madras State), as with
BHC, after 20 months of weekly larvicidal treatment by gammexane (BHC) (Raja-
gopalan ¢t al,, 1955).

Adults in the Calcutta jaboratory were subjected to DDT pressure for a few
generations but no enhanced resistance over the parent stock was noticed, as obtain-
ed in Venezuella (Blasquez and Maier, 1951) where the fatigans {quinquefasciatus)
exhibited an increased tolerance bv 20 to 30 per cent in the Fy generation under
DDT pressure.  In our experiments {Table X}, while with 3 per cent dosage in
4 hours’ exposure the mortality rate remainect almost constant up to F, generation,
at 4 per cent dosage in 3 bours’ exposure a progressive rise in the kill occurred.

Tapie X.
Susceptibility of C. fatigans adults to DDT uuder adult pressure up to £y generation.
{Based on 6 to 8 replicates of eight mosquitoes each.)

Dosage (Per cent)s ! Time expeosed. J Mortality {Per cent).
- 3 i 4 hours l 63
\ ; i ; 3 hours i 53
I S | 4 hours ! 2.3
i 4 ! 3 hours ] 13
w0 1 4 hours ! 67
T + : 3 hours ! 81

The fatigans of Calcutta was, however, very strongly susceptible to organo-
phosphorus compounds like Malathion and Diazinoen.

Mansonia {Mansonioides) annulifera.—This mosquito from Dum-Dum area in
4 tests each with the dosages of 1 percent or 2 per cent DDT, each replicate having
8 mosquitoes, proved equally effective and caused a complete kill in both.
Owing to paucity of materials, other dosages could not be tried,

Aecdes aegypti.—Tests carried out with the laboratory-bred strains indicated
that the aegypti of Calcutta was highly susceptible to both hydrecarbon and organo-
phosphorus compounds {Table XI} basing the observations on 4 to 8 replicates of
eight mosquitoes each.

The LCy would appear to be 03 for DDT, nearly 0-2 for BHC and 0-05 for
Malathion. The normal LCy of aegypti adults in respect of DDT, according to
Busvine {1956}, lies at I per cent, between that of Culex and Ancpheles. In our
observations, however, the LC;, with this insecticide was more or less the same as
found in most Anopheles we have tested. The Calcutta strain would thus appear
10 be nearly three times more susceptible than the aegypti from Delhi, Poona,
Karachi or Lagos {Nigeria) {Busvine and Harrison, 1953}.

The specimens from the last-named country when, treated with BHC, showed
the Ly as 002 per cent which, comparing with our finding of 62 per cent record-
ed above, stresses that the Calcutta strain is pearly ten times as resistant as the
Nigerian sirain in respect of gamma-BHC,
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TasLe XI.
Susceptibility of Aedes aegypti io different insecticides.
Insecticide. ! Dosage {Per cent), Mortality (Per cent).
e e e e - L A S,

POT i 3 77
; 1.0 He
BHC v . (it 30
thl 36
e 47
3 64

[ilH 937
Malathion e 33 1)
025 190
i1 )
(313 &3

Strong resistance of aegypti to DDT, however, has been detected in recent
years from the Americas and Trinidad, but nowhere so far in respect of the other
chlorinated hydrocarbons,

Application of adult pressure with DDT over generations in the Calcutta
laboratory indicated that the tolerance may be slightly increased in F; generation,
hut this soon reverts to normal on suspension of pressure,

PHLEBOTOMINAE,

Phicbotumus argentipes.~ The susceptibility of this species to the chlorinated
‘nsecticides has not been in record so far.  All that we know is that the species was
<liminated in an experimental area of Bengal by the use of 760-1,500 mg. dosage of
DDT per sq. ft. (Ghosh, 1850} whichis too large a dose for any nematoceran
species. But a clear evidence of effective control of the species in rural areas by the
residual spray of 30 mg. or 100 mg.fsq. ft. is reflected in the reduction of kala-azar.
{ Annual Report, Calcutta School of Tropical Medicine, 1955-56, 1956-57),

The species in laboratory tests also proved to be highly susceptible to DDT
and BHC, This observation was based on 4 to 8 replicates of six adults each which
were bred in the insectary.

The different tests of DDT with 1 per cent, 0-5 per cent and 025 per cent
cdosages produced a complete or near complete kill (95 per cent to 100 per cent)
x ane hour’s exposure, while BHC induced a complete wiping out of the species at
5 per cent, and about 90 per cent kill at the dosage of 0025 per cent. All the
Josages experimented with proved too strong for the delicate insect, and to keep
the lone survivors in proper condition for 24 hours’ observation in assessing mor-
rality was still more difficult. With argentipes, the knock-down would probably
give a more ready index of the dosage tests. The knock-down was found to be
70 per cent in 1 per cent DDT, 46 per cent in 0:8 per cent DDT, and 37 per cent
only in 025 per cent DDT. The highest knock-down (70 per cent) cbserved in
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I per cent DIYT was attumed in the Hiter paper tests with BHC at 0-05 per cent
and the lowest of 37 per cent in the tests with 0-25 per cent DDT was obtained at
{-025 per cent BHC.

1.Cg for DDT in respect of P. papatasii recorded as 028 per cent in Greece
{Brown, 1958) would, therefore, appear to be a much tco strong a dose for
drgentipes,

Xenopsylla cheopis.—Since the appearance of some unconfirmed reports of the
occurrence of resistance in the ratflea, Xenopsylla cheopis, to DDT in Ecuador
{Vera, 1853), and in the human flea Pulex irritans in Greece, suspicion prevailed as
to the extent of susceptibility of the species to DDT in Indi. Plague, and con-
sequently X, cheopis fleas, hawever, have been successfully controlled in Bombay
State, and in Dakar and parts of South America by the feld application of DDT
either as 10 per cent dust or as residual spray in the dosages used for malaria
control.

Laboratory tests carried out in Calcutta with bred out X. cheopis also indicat-
ed that the species is susceptible not only to DDT but to many others, BHC,
dietdrin and Malathion (Table XII). Six replicates, cach of 8 fleas, were utilised for
computing the result,

Tasce XII

Susceptibility of X. cheopis adults to different insecticides,

) ; ! .
Insecticade, 1, Dosage (Per cent).  Mortality (Per cent).
DDT . 1-4} 83
! e (]
BHC L el s3
' 12815 43
Picldrm® e I
: 03 HL

Malathion . 025 : 50
. 3] ! B4

*Result computed from £ replicates,

The L.Cs of the above insecticides, also reported earlier (Sen, 1858g}, was
found to be for DDT—04 per cent, BHC~ 006 per cent and Malathion—0-18 per
cent indicating that X. cheopis is highly susceptible. Observations with dieldrin
also show that the species is equally vuinerable to the dosages tested.

The susceptibility of the fleas X, cheopis to various insecticides used in dust
form was also tested in the laboratory with bred out specimens. The tests were
cartied out in large sized tubes, 5 inch X 1 inch or in specimen jars, 8 iach X 44 inch
x 31 inch, the bottom of which was dressed with a measured quantity of the
insecticide tu be tested on top of column of sand, rabbit faeces, saw-dust or bran.
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The result computed from 3 to 6 replicates, each of 8 fleas, of both sexes,
showed that at 1 per cent DDT, the kill was absolute, and with 05 per cent fo
0-1 per cent DDT, 24 hours’ mortality after 1 hour's exposure, varied from
77 per cent to 96 per cent, depending on the insecticide carrier introduced at the
hottom of the test chambers.

The lowest kill was recorded in association with saw-dust, and Jargest in sand
grains or rabbit faeces. The LCg with DDT, when used as dust, worked out to
1-32 per cent which was not very much different from the LC;y of 0-4 per cent with
DDT in solution as mentioned above.

Diazinon as 10 per cent dusting powder, when used in a substratum of sand,
gave a mortality of 86<8 per cent ; and with 5 per cent dust, the mortality was less
than 50 per cent. The unfed fleas, 48 hours old, when tested at the room tempera-
ryre of 109° F., showed a mortality of 75 per cent even at the last mentioned dosage
of B per ceni Diazinon, indicating the importance of testing fed fleas only for
comparable result.

Cimex hemiplerus.—The bed-bug in Galcutta has been reported resistant to
DIXT {Sen, 1957a} in a preliminary note, 2nd this occurrence would appear to be
natural in the species Cimex hemipterus, since no DDT selection existed in the city.
A series of observations have been carried out in the laboratory with not only
DT, but with other hydrocarbon and organophesphorus compounds as well, to
assess the level of susceptibility to these insecticides (Table XIIT). The specimens
were collected from infested houses or animal room in and around the local Meadical
{’oliege compound. Ten replicates, each of 8 bed-bugs, were taken for DDT,
Yeldrin and Diazinon, five for BHC, and three replicates only for Malathion.

Tasre NI

Folerance of Cimex femipterus towards diffevent insecitcides.

Insecticide. 1 Dosage {I'er cent). | Mortality (Per cent).
ODT 2.0 95,
44 24
BrL . a3 a9
dseidrin :. th m
i U3 57

et} 8¢

A strong resistance of bed-bugs hemipterus to DDT at the top dosage which
would kill an entire population of any susceptible insect, bas been revealed from
the above tests. The mortality even at 4 per cent dosage was 24 per cent and was
not very different from that obtained with 2 per cent DDT. Resistance of the bed-
wug C. hemipterus to DDT has also been reported from Bombay State {Rao and
Halgeri, 1956) and from other parts of the Far East (Hong-Kong), South Pacific
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{Formosa), and in C. lectularius in Israet {Quarterman and Schoof, 1958), but not
BHC resistance. Dieldrin resistance has also been mentioned from Pala in
O, rotundatus, but not DDT resistance (Hamon ef gl., 1937),

The tests carried out not oniy confirmed that the Caloutta strain of the bed-
bug Cimex hemipterus was resistant to DT but it also exhibited low susceptibility
to BHC, as compared to London strain of C. tectularius {Busvine, 1958), and also a
good tolerance to Dieldrin, where the mortality was no higher than 30 per cent to
40 per cent at 0-3 per cent dosage. The 1.Cy of Dieldrin worked out to nearly
(-4 per cent.

The bed-bug hemipterus showed a fair tolerance of the organo-phosphorus
insecticides in laboratory tests {Table XIV).

TasLe XIV,
Tolerance of Cimex hemipterus to organo-phosphorus insecticides,

Insecticide. | Dosage {Per centj. | Mortality (Per cent).
VY PP P T PR

Malathion 1 2 ! 100
] 4 I - =¥}

i ; 83

} a2 3 43

Dhazinon 1125 16

i (el 20

: [E8 ’ 72

!

LC,, of Malathion and Diazinon worked out t0 0-3 and 0-35 respectively,
DISCUSSION.

Resistance in insects of public health importance to chlorinated hydrocarbon
insecticides as a result of long residual programme has been known from various
countries, and their list is an the increase. The development of the phenomenon
has been attributed in many such instances to the very high degree of selection
pressure from the insecticides. The larval pressure has also been known in certain
instances to possess a greater influence in selecting resistant strains, There is also a
good volume of evidence to indicate that the resistance may be linked up with the
genetics of a species, and the phenomenon in some insects has come to be regarded
as natural since the potentiality to resist the ill-efects of the insecticides pre-existed
tn the individuals,

As indicated above, the present investigation brought out convincingly three
clear instances of resistance in local insects, that of the housefly vicing, the mosquito
tatigans and the bed-bug hemipterus, and all to DDT. The anophelines and the
Aedes mosquitoes worked with proved susceptible to the insecticides tested, both
chlorinated and organoe-phusphorys insecticides ; so were the fleas cheppis. Even in
the resistant insects mentioned above, one or the other chlorinated insecticide is
still available for control. The laboratory strain of the sandfly P. argentipes is also
highly susceptible, succumbing to the smallest dose of DDT or BHC,
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Unless larval pressure of larvicidal ol (Malariol) which has been extensively
used in Calcutta for a long period and the occasional use of DDT and Gammexane
as antilarval spray is contributory to the development of DDT resistance in the
Calcutta fafigans, no other apparent reason may be offered.

The existence of a susceptible strain of fatigans outside the zone of larvicidal
activity makes us contemplative. In the absence of DDT adult pressure, one would
he justified to suggest that the phenomenon in the three instances cited above 13
primarily a natural development.
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FIRST YEAR’S RESULTS OF A PILOT STUDY OF MALARIA
SURVEILLANCE MEASURES IN MYSORE STATE, INDIA,

5Y
H, SHAMASASTRY

AND
M. A, NARAYANA IYENGAR.

{Burcan of Malariology, Bangulore.)

flune 13, 1938,

INTRODUCTION.

Maragra control operations in Mysore State, by the use of residual insecti-
cides, were commenced during 1946 in certain hyperendemic areas of the State and
were progressively extended to other areas. The activities in the State merged
with the Indian National Malariza Control Programme (N.M.C.P.) implemented in
April, 1853, The N.MLC.P. (Jaswant Singh, 1953) envisaged an attack phase of
3 years, later extended to 3 years. Thereafter the plan included a maintenance
phase, duting which, depending on certain criteria, either the spraying operations
would be withdrawn or reduced in frequency or dosage.

The Expert Body*, appointed by the Government of Tndia, visited in July,
1956 certain areas in Mysore as well as other States which had been under conti-
nuous D.D.T. operations for over five years, in order to determine if any of these
were ready for the maintenance phase and also to formulate the maintenance proce-
dures. The experts selected certain areas in the State as well as in the neigh-
bouring States of Madras, Coarg and Bombay as being fit for the institution of
maintenance measures.t Since the reorganisation of the States, however, zll the
areas chosen for experimental surveiliance in Coorg, Madras, Bombay and Mysore
States became part of the re-organised Mysore State. Vectorially these areas can be
divided into two zones, viz., one under the influence of A. fluviatilis and the other
under A, culicifacies.

*The Expert Body consisted of (1} Dr. B. Ananthaswamy Rao, Director, Malariz Institute
of India, Dethi, (2} Dr. D.K. Viswanathan, Regional Malaria Adviser, World Health Organization,
south-Fast Asia Region, New Dethi, and (3} Dr. LM. Puri, Retired Deputy Director, Malaria
Institute of India.

tThe experts considered that maintenance measutes fell inta two types. (1) where the spraying
wys withdrawn and (2) where the dosage or frequency of spraying is reduced. The ciiteria to deter-
mine the type of maintenzn ce measures suiied Lo an area were ¢

{a} Ioterruption of spray-—areas where for two consecutive years, prior fo the interruption, the
child spleen index is less than 5 per cent, the child parasite index less than 1 per cent and
infant parasite index nil.

{b} Reduyction of dosage or frequency of spraying —areas where for two consecutive years, prior
to changing dosage or frequency, the child spleen index is less than 10 per cent, child
parasite index less than 2 per cent and infant parasite index nil or, if positive, such positive
findings are restricted to only a few localities within the unii area and in any case does not
gxceed one per cent.
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The objective of the study in the above mentioned areas, however, has
sitered since the time of its commencement. As mentioned previously, the
original objective was to formulate procedures for a maintenance phase at the end
of a Malaria Contro} Programme. Since the Government of India accepted and
sanctioned a malaria eradication programme for the country, in December, 1957,
ihe current objective of the studies that are being continued is to determine and
rest the working procedures of the surveillance formulated for the last year of the
three years’ attack phase and the subsequent three years of surveillance phase of the
six vear eradication programme commencing from the fiscal year 1958,

The pilot surveillance studies in Mysore State lend themselves to appraisal of
intrinsic differences in the organisation, administration and procedures suited to the
existing different patterns of public health services. Therefore, it is considered
yseful to deal with the distinct aspects of the studies separately in different sections
bringing out the differences.

A main organisational difference between the areas of study in the erstwhile
Mysore State and the integrated districts of Coorg, Bombay and Madras States is
that in the former the study areas are covered with a net wotk of primary and
secondary health units, while in the latter there is no such health organisation.
Fundamentally, the ease with which the surveillance measures could be organised
is different in the two types of areas. Statement 1 summarises the variations in
organisation, pattern and procedure of surveillance measures and Statement 2 gives
the population under surveillance in each area in the erstwhile Mysore State.

The fluviatilis areas in the erstwhile Mysore State selected for maintenance
work are of two types in accordance with the criteria already mentioned ; the first,
consisting of Shikaripur, Sorab, Sagar, Hosanagar, Tirthahalli Taluks* in Shimoga
Districtt: Saklespur, and Koppa and Sringeri Taluks of Hassan and Chikmagalur
Districts repectively, was selected for total withdrawal of spraying (Map I}. The
pilot study and its results during the first year are described in Section 2. The
second area consisting of Mudigere Taluk of Chikmagalur District and Belur Taluk
of Hassan District was found to be ready for reduced frequency of spraying. The
pilot study and its results during the first year are described in Section 3,

The A. culicifacies area selected for maintenance phase also was found ready
omly far reduced frequency of spraying, The study and its results in the first year
are described in Section 4.

The pilot study organisation for the fluviatilis area of Bombay State, North
Kanara District, now included in Mysore State since Re-organisation of States in
November 1936, has already been described by Patel, Rao and Paranjpay {1957).
One year's observations during the period November, 1956 to 1957 in that area are
reported in Section B,

*Taluk is a revenue Sub-Division of a District.

TEistrict is a revenue Division of the State,
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40 Results of a Pilot Study of Malaria Surveillance Measures.

In Section 6 and Section 7, malana surveillance work organised in Coorg
Districe and the District Malaria Scheme area, Puttur, are briefly stated. The
discussion of the results achieved is set out in the final Section 8. The duties of
the malaria surveillance workers are shown in Appendix I.

2. A. FLUVIATILIS AREAS OF ERSTWHILE MYSORE STATE WHERE
SPRAYING IS TOTALLY INTERRUPTED.

The study areas, part of Malnad* tracts of the State, were hyperendemic for
malaria (Usman, 1928 ; Sweet, 1933) [Annual Report Public Health Department
(1947}, p. 62)

Though all the 26 species of anophelines recorded in the State are found in
the swdy area, only A. fluviatilis has been incriminated as vector (Nursing et al.,
1934).

No part of the year was climatologically unfavourable for malaria transmise
ssotr, ut the actual seasons of transmission were determined mainly by the
facilities existing for the continued breeding of the vector species which in turn
were determined by the topography and rainfall. Though the chief breeding place
of A. fluviatilis was streams, a small percentage were found in tanks, channels and
river bed pools. The transmission season, subject to Jocal conditions, ranged from
October to June, (Bhombore et. al., 1954-55),

HISTORY OF MALARIA CONTROL.

Mailana control by indoor residual spraying with D.D.T. was commenced in
this area during December, 1948. A 25 per cent DDT-Aromex emulsion prepared
‘ogally, or a ready-made emulsion and 50 per cent Geigy’s wettable powder were
ased depending on availability of material. Spraying rounds repeated once in
3 weeks during transmission period, with an application of 58 mg. per square foot,
were changed to 100 mg. per square foot applied at intervals of 4 months during
1951, From 1953 onwards, under the National Malaria Control Programme spray-
jng at 108 mg. per square foot was carried out twice a year by using 75 per cent
DT wettable powder during the transmission season,

RESULTS OF CONTROL.

The ughly satisfactory results of the malaria control measures, as seen from
rhe spleen rate, infant parasite rate, child parasite rate and the percentage of malaria
cases treated in the dispensaries and also the significant change in the demographic
indices, viz., the birth rate, death rate, infant mortality rate and maternal mortality
rate are shown in Statement 3.

The effect on vector densities has also been spectacular, A.fluviatilis has
practically disappeared from human and mixed dwellings and only few specimens
were collected from cattle-sheds. The man-hour density during the control period
had never exceeded the assumed critical density in the area of more than 4 per 10
man-hours.

" #Malnad is a region of foot-hills, forests, and heavy rainfatl,
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INTEGRATION OF SURVEILLANCE WORK WITH HEALTH UNIT ACTIVITIES.

The area under study is covered with a net work of Primary and Secondary
Health Units. Map 2 shows the extent ol area under surveillance and the area
covered by Health Units. Each Primary Health Unit has a population varying from
3,000 to 10,600 divided into two convenient divisions and is provided with two
junior Health Inspectors each of whom is in charge of a division. The area and
population of the divisions are not uniform as the divisions have been made on the
basis of terrain and density of population. The Health Inspectors working in these
divisions and whose duties require them to visit alt the villages in their respective
divisions once during the month for collection and verification of vital statistics and
altending to other health works, were with advantage entrusted with malaria
surveillance work. In addition, surveillance workers were also appointed to cover
the population not coming under Health Unit jurisdiction. The expenditure for
appointing surveillance workers was met out of funds sanctioned for appointing
temporary fleld staff under N\MLC.P., and now saved in areas of interruption or
reduced rounds of spraying.

RESULTS.

The surveillance work was started during October, 1956, in the Health Unit
areas by entrusting the work to the Health Unit staff. However, from May, 1957
onwards, surveillance work in the non-Health Unit areas was also started by
entrusting the work to malaria surveillance workers, specially appointed.

The spraying has been interrupted in these areas since October, 1956, except
{for the Sharavarthy valley project area in Sagar Taluk and the Ambligola project area
in Shikaripur Taluk in Shimoga District and the villages within a radius of five
miles from these project areas where spraying is continued in view of the aggregation
of labour drawn from several areas of varving endemicity of malaria outside Mysore
State and probably not included under National Malarta Control Programme.

The Statement 2 {Map 2) shows the number of Health Units in each Taluk
with the sanctioned staff and the population lo be surveillanced. Statement 4
furnishes the details of malaria surveillance work from October, 1956, to Septem-
per, 1957, From the Statement, it can be observed that the population targetted for
surveillance in 8 taluks was 4,03,97},  But the population actually covered during
each month ranges from 2:9 lakhs to 39 lakhs. This fluctuation in the population
surveillanced is due to (i} vacancies among the sanctioned posts, not being filled up
(if) there being not enough substitutes to be posted when permanent staff proceeded
on leave or were deputed for other urgent health works, and {iii} frequent resigna-
tions from candidates appointed as surveillance workers in view of the arduous
nature of work., Qut of the sanctioned posts of 118 Junior Health Inspectors and
18 Surveillance Workers, the number working in each month varied from 87-108
and 8-14 respectively.
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Fever morbidity.—A total of 1,186 clinical malaria cases and 9,703 fever cases
were investigated in a population of 2-8 to 3-9 lakhs during the period of one year.
The average number of clinical malaria and fever cases per 1,000 during the
first fortnight ranged from 0-52 to 204 and during the second fortnight from 0-42
to 1497, For the month, the average number of clinical malaria and fever cases
per 1,000 population ranged fram 0-97 to 3-59, The number of clinical malaria
cases investigated formed 24-2 per cent of the fever cases investigated during the
same period. From June onwards, there was a slight rise in the incidence of fever
cases. The influenza epidemic in the State, prevalent during June, mighi have
also contributed to the rise,

Blood smear exgmination.—~Blood smears were stained with ].8.B. Stain and a
smear was declared negative after examining 160 fields of thick smear in 3-5',
The smears are examined at the laberatories attached to the Bureau of Malariology,
Bangalore ; Malaria Investigation Centre, Mandya ; Malaria Field Station, Saklas-
pur and District Health Offices and Secondary Centres.

815 blood smears from clinical malaria cases and 9,213 smears from fever
cases were collected and examined during the vear. Four smears were found to
be positive, three for vivax and one for falciparum. Of the four positives, 3 were
among fever cases and one among clinical malaria cases. Yocidentally, during the
half-yearly spleen and parasite survey conducted in April, 1957, among the blood
smears collected and examined, an infant aged 12 months with 2 history of move-
ment was found positive for vivax infection and another positive was in the case of
a boy aged 12 years with falciparum infection. Particulars of investigations in
respect of parasite-positive cases are detailed in Statement 5. The positives were
among blood smears eollected during April to July.

Drug distribution.—A total of 2,110 tablets to clinical malaria and 24,459
tablets to fever cases were distributed during the period of one year.

Entomological data.—Entomological data collected in selected villages round
about Sagar, Saklaspur and Shikaripur where collection of all apophelines and
vectors were made from Oclober, 1854 to September, 1087, are presented in Tables
LI Il and 1V.

TanLe 1.
Collection of anophelines and vector species in aveas selected for malaria surveillance.
{Man-hcurs search per station vanged from 1277.5 to 2775.25).
i InTERRUPTED aREs A, fluviatilis o InTERKUMTED area AL fluvdatilis
Sugar. ! Ehikaripur.
1934-55 T055-5k 14958.57 ; W54-55  1055-56 1956.57
All anophelines 69% 814 - 13,98% E 1,479 1,423 5,305
A. culicifacies 1 0 4] ' 3 4 24
A, fuviaiilis i) @ 23 ; 4 2 18
Per man-hour density 933 42 d.03 i 1-13 069 2447

_...of ail anephelines
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TasLe H.
Sheiters from which the vectors have been coflected and their density.
(Man-hours search per station ranged from 6063 10 1871.3)

INTERRUPTED AREA— A, fluviatihis.

Sagar. g Si]ikaripur.
1854-55 195536 5657 | 1954-55 | 1933-36 185657
HD & HD & HD& g (HD&| o HD& o HO& e
MD; S imMp B {vp S vp | Y iup B up ! ©8
A, culicifacies a0 o o |26 &5 i 0 L T
. 1 i .
A. Auviatilis P9 ] it [ 17 1 0 4 2 o 13! o8
Per man-hour G . B0 ] 0L 0.0 ] 013 0471] 0.0 | 0004 060073 0004 Monas! o.02
density of ' ) , [ ) : 5
AL culicifacies ; ; . ;

! ! !
L M) | e {1.013[ -0 14100 ffmmulo.o 13008 !n.nns
I | :

RN

., | |
! ‘- | ] '
S S a o

Per man-bour |
density of |
A, fluviatitis. {

|
HD =Human dweilings.
MDD e=Mixed dwellings.
8 =Cartle-sheds.
Tasre IT1.
Colleciion of anephelines and vectors in Saklaspur Avea for the calendar years
1955, 1956 and 1957 (up to end of Sepiember 1957,

‘Man-hours search per station ranged from 12.53 to 636).

AL fhodatibis erea {spraying interrupled).

1955 ' , 1936 } 9‘?“-
. ® Interme-. e Interme- . Inter;r;e_—
High't* Low < ! High Low : High Low ;
rainfall rainfall rji‘:}:ﬁ “rainfal} rainfall rgffgj] rainfall rainfall g:l}t:“
area  area. o ;oarea.  area. o, area.  area. 0
Al anophetines T 96 8 80 185 349 44 161 853
A, culicifacies e 0 2 D o o 1 7 994
A fAuviatilis ] I a 0] oon 9 1 P2 3 3
Per man-hour density]. (=34 24! (278 T Oeth 1.7 1.61 3.35 042
of ail anophelines i ‘

ESTUN culic-i}'aci 25 were from unapr“:;}.,;é:‘j (-a‘lﬁ-ew;f:lt‘;]:

In Sagar area, the per man-hour density of all anophelines is 508 during
1856-57 (Table I) and the A. Auviatilis density is 0-003 in HD and MD (Human
Dwellings and Mixed Dwellings) and 0-018 in C5. (Cattle-sheds} (Table II).
Whereas during the two years prior to interruption the all anopheline density was
-38 during 1954-55 and 0-42 during 1955-56 and the vector density was 6-0
{Table 1) ; both A, fluviatilis and A. culicifacies have re-appeared since interruption,
shough in low densities. Both the species were encountered in all types of shelters.
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In Shikaripur area, the per man-hour density for all anophelines was 2:47
during 1956-57 (Table I). A. culicifacies density is 00055 and 0-02 in HD and
MD, and C.S. respectively and 0008 for A, fluviatilis both in HD and MD, and
C.8. (Table TI). During the two years prior to interruption the all anopheline
density was 1-15 {1954-35} and (69 {1955.56) {Table 1} and the vector density for
A. culicifacies was 0004 in C.8. only during 1955 and 0-0007 and 0-004 in HD and
MD, and C.S. respectively during 1956 (Table II}. For A. fluviatilis, the man-hour
density during 1334-55 was (:008 in C.3. only, and 00014 in HD and MD only
during 1955-56 (Table IT). In this area the very low densities of the vector species
prevailing during the period prior to interruption, have increased since interruption.
They are collected in all types of shelters.

In Saklaspur area, there was a rise in all anopheline density in all the three
rainfall areas® from 1953 to 1957 but markedly so in the intermediate rainfall area
from 01 and 17 in 1955 and 1956 respectively to 9-4& 1in 1957, In the high and
low rainfall areas, A. culicifacies was absent all through 1955 and 1956 calendar
years. It re-appeared during 1457 in both the rainfall areas and its density in the
intermediate rainfall area rose from 0-010 during 1955 to 29 in C.5. only during
1957. A, fluviatilis though absent in intermediate rainfall area but present in other
rainfall areas during 1953 and 1956, re-appeared in low .densities in cattle-sheds in

all the areas.

3. A.FLUVIATILIS AREA OF ERSTWHILE MYSORE §TATE,

WHERE THE FREQUENCY OF SPRAYING WAS REDUCED
TO ONE ROUND A YEAR,

Mudigere Taluk of Chikmagalur District and Bejur Taluk of Hassen District
were selected for reduction in the number of spraying rounds. The Expert Com-
mittee recommended only one round of spraying with 112 mg. dose per square foot
to be carried out in October-November in Mudigere Taluk and during May-June
in Belur Taluk. These taluks are also covered by a net work of primary and
Secondary Health Units (Map 2). The surveillance work was commenced in these
taluks during Qctober, 1956,

There are 16 Primary and 3 modified Health Units in this area with a
sanctioned staff of 35 Junior Health Inspectors and 5 Malaria Surveillance Workers
{Statement 2). The total population of the two taluks is 1,19,513 (1951 census) and
the average population surveillanced per day by each worker was 300. The pattern
of surveillance is similar to one described under Section 2 of this paper.

Work turned out so far.—Statement 6 furnishes the details of malaria surveil.
lance work done from October, 1948 to September, 1957,

Fever morbidity.—A total of 24 clinical malaria and 1973 fever cases were
encountered in & population of 0-98 lakhs to 1-2 lakhs. The average number of

annual rainfall above 200 inches, between 80-100 inches, and 40.50 inches, respectively.
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clinical malaria and fever cases per 1L,U0# population during the year works out to
018 and 1-32 respectively. The maximum number of fever cases were investigated
during February, 1957, The proportion of clinical malaria to fever cases works
cul to 12 per cent of the fever cases investigated.

Blood smear examination.—24 blood smears from clinical malaria and 1,779
smears from fever cases were collecied and examined and all were found negative
for malaria parasites,

Dirug distribution.~—A total of 56 and 7,180 tablets were distributed fo clinical
malaria and fever cases respectively.

Entomological data.—Tables V and VI, show the collections of all anophelines

and vectors {rom October, 1956 to September, 1057, There is a rise in the ail
anopheline density from -94 during 1954-1955 to 48 during 1956-1957. While

TanLe V.

Collectian of anophelines and vectors ir aveas selected for malaria suvveillunce,
Man-hours search per station ranged from 326 to 1478430,

Reduced round area——A. fluriatilis.

BeLuw :
19541955 | 10551956 | 10581957
All anephelines 873 i 1436 i 5,154
A. culicifacies 4 G i 61
A, fluviatilis 1 0 i3
TPer-man-hour density ([ B f 1.4 443
of all anophelines
Tasre VL.

Shelters from which the veciors have been collected and theiy density,
Man-hours search per station ranged from 2735 to 1031-3,

Reduced round area—A. fluviatilis,

Berur -
1954.53 ! 1955.56 ] 105657
o House- | o 5E House- | § -.”House- T
dwetlings :Catt]e-sheds; dwellings tCai‘t!e-s}'neds\;f dwellings - itle-shed
i and mixed ' and mixed [ ‘ and mixed |- ItHe-sheds.
i dwellings. | i dwellings. : t dwellings, -
. : ; :
S PR - e S
A. evlicifacies ll ¢ | 4 ;0 o |7 i 54
A. fluviazilis | o L1 too o L1 T
Per-man-hour density;, (0 ) 0014 00 O E000 .12
of A. eudicifacies i i | I
! 00 D000 €.031

Per-man-hour density 0 0903 [tH]
of A. fluviatilis i
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A. fluriaiidis was absent in house-dwellings and mixed dwellings during 1954.1955,
it has re-appeared in very Jow densities during 1956-1957. The man-hour density
of A. flyviatilis was 0-003 in cattle-sheds during 1954-1955 and it has increased to
0-031 during 1956-1957. A. culicifacies was absent in house-dwellings and mixed
dwellings during 1954-1955 and the same has re-appeared in low densities in house-
dwellings and mixed dwellings, Its man-hour density in cattle sheds during 1954-
1055 was 0-014 and the same has increased to 012 during 1956-1957,

4. A. CULICIFACIES AREA OF ERSTWHILE MYSORE STATE,

Krishnarajragar Taluk (Mysore District}, with an area of 231 square miles
and a population of 1,067,895 {1951}, is a gently rolling country and is situated in
that part of the State which receives an average of 23 to 40 inches of rain per
annum. Practically the whole of the Taluk Is under paddy cultivation through
irrigation channels drawn from the Cauvery River. Paddy is grown between June
15 and the end of the year, so that during these monihs channels of all sizes run
full continuocusly and the fields are under slowly flowing water. Between January
and the middle of June, the fields lie fallow and the channels dry up.

The whole of the taluk, excepting few of the non-irrigated vitlages, was highly
malarious. The spleen rate during the October, 1948 survey was 59-8 per cent.
All the three species of plasmodia were prevalent. Of the 165 positive bleod
smears collected from October, 1948 to Decerber, 1949, P, vivax, P. fulciparum
and P. malarize formed 898, 7-8 and 24 per cent respectively, The infant parasite
rates {quarterly) varied from 8'5 per cent to 50 per cemt (Annual Report of the
Public Health Department, Mysove State, 1949, pp. 183).

A. culicifucies is the chief vector in the ares, A. fluviatilis being a secondary
vector. ‘The distributaries and the numerous &eld channels, the margins of
the tanks, and the valleys are the chief breeding places of A. culicifacies and
A. fluviatilis. The transmission season extends from June to December.

RESULTS OF MALARIA CONTROS.,

In a substantial part of the Taluk, the D.ID.T. spraying programme has been
under operation since 1948. The entire Taluk has been brought within the scope
of the programme since 1953. In conformity with the National Malaria Control
Programme, two rounds of spraying wese carsied out in this Taluk between May
and November. The results of malaria control measures are shown in Statement 3.

The data available {Statement 3} indicated the reduction to one round of
spraying. The Expert Body recommended ‘one round of spraying with 112 mg.
per square foot during May-june.

Surveillance work was started in the area during October, 1956 by availing
of the serviceg of the Health Unit Staff. There are seven Primary Health Units
with 2 Secondary Centre and only one Senior Health Tnspector is provided for
each Primary Heaith Unit {Statement 2).  The pattern of surveillance in this area
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was confined fo one visit to all the villages during the month.  No transport was
provided, For a total population of 1,97,895, in addition to seven Health Inspec-
tors, two Malaria Surveillance Workers were posted during Apnl, 1957, To cover
the assigned population in a period of 10 working days during each month, the
average popuiation per day comes to 1,200 per worker.,

7

Statement 7 furnishes the details of work done from October 1956 to

Seprember, 1957,

Fever morbidity.— A total of 543 fever cases were investigated in a population
of 0-3 to 1 takh surveillanced during the period of one year. The average number
of fever cases per 1,000 population varies frem 014 to 91, During May to
September there is a rise in fever cases investigated. This perhaps was partly
due to the influenza epidemic in the State.

Blood smear examination.— 543 blood smears were taken from fever cases and
all were found negative for M.P,

Drug distribution.—A total of 1,773 tablets were distributed to clinical, malaria
and fever cases,

Entomalogical data.—A. culicifacies was not found in the collections during
fwo years prior to the reduction of rounds of spraying. It has made its appearance
during 1956-1937 in low densities. (Tables VI and VIIi}

Tasue VI

Cotlection af anophelines and vectors in aveas selected jor malaria surveillance.
Man-hours search per station ranged from ¥73+3 io 2025.3.

Reduced round area~A. culicifacies

KristimarATANAGAR
b aosess 105556 | 1956.57
All anophelines 17 864 1| 2 975
A, elicifacies . 0 ! 0 ' ag
A fhuviatilis | ) i 0 9
o « —
Per-man hour density | .15 5 (5! 1+48

ol all anaphefines

3. MALARIA SURVEILLANCE WORK IN NORTH KANARA DISTRICT.

After completion of spraying for the tenth year in succession, D.D.T spraying
was suspended in North Kanara District with effect from June, 1955. An
organisation was simultaneously started to study the after-effects of interruption of
spraying. From August 1956, a pilot surveillance programme was taken up in the
villages of North Kanara District. 1t was planned to restrict surveillance to the
transmission season, in the eastern rice tracis of the district till the end of
November, 1956 and to carry out similar programme in garden tracts of the district
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Tapre VIII.

Shelters from which the vectors have been collected and their density.
Man-hours search per station ranged from 205-25 to 1458

Reduced round area—A. culicifacies,

KRISHNARAINAGAR !

1854-55

1958-56 1956.37
: .dHcit]tse :f 1I-loilf"se : dHoﬁl_se
wellings dweilings wellings B
and mixed ;Catt]e-sheds. and mixed ECattle-sheds. and mixed Cgttle-sheds.
dwellings. | dwellings. | dweliings
B el LR JE— i — e
A, culicifacies a [ 0 ; 0 ;9 20
A. Auviatilis ] P o 1 (] 1] o
Per-man-hour density] (i 1 00 00 1 00 0008 0034
of A. culicifacies ! 1
Per-man-hour density 0.0 [ e 0.0 0-0 | GG (-0
of 4. fluviatils [ | ! ;

J I
from December to June next. The results of the work in rice tract up to October
31, 1936 have already been described by Patel, Rao and Paranjpey (1957},

Malaria surveillance in garden tracts.—The garden tracts comprise a popula-
tions of 2,76,017 in Sirsi, Yellapur, Supa and Siddapur Taluks of North Kanara
Fast Division and Xarwar, Ankola, Kumta, Honnawar and Bhatkal Peta of Kanara
West Division. The malaria surveillance work was organised in the garden tracts
from December, 1956 with the available staff. However the entire population in
the garden tract, excluding that under spraying and that of certain towns viz.,
Ankola, Kumta, Gokarna, Honnavar and Bhatkal, was surveillanced commencing
from February 1957 when the malaria staff from adjacent districts were also posted.
Boats were also hired for the purpose of malaria surveillance in riverine villages in
Honnavar and Bhatkal Taluks. The number of villages and total population
allotted to each team are given below.—

Number of : E

[
H * - © Number of 'Total population
Team. 1 petsons in each Taluk- - yitacesaliotted. !  allotied.
team, i |
A - I I ———— - N Nieme e e as rawr o
: I 3 . Sirsi 144 | 29083
2 i 4 " Yelfapur 125 i 19,112
3 : 1 Bupa . 59 6,298
4 { 4 Riddapur : 198 i 41,777
S GV ! =
Total for Kanara 12 ) f 526 ; 96,570
East Division : !
e SN [ . R _JI L e -
3 a3 - Karwar i 82 plus 1 town | 49,658
[ 3 Ankola .88 villages | 30,251
7 3 : Kumka 171 " i 31,038
8 3 i Honnavar i 58 " ' 43,004
9 ’ 3 ; Bhratkalpeta ] 58 e | 25,144
[ , e e i !
Total for Kanara | 15 972 plus ) town | 1,79,147

\West Pivision !
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In addition four insect collectors were posted for routine fortnightly mosquito
collection work, each working in 10 villages.

During the period, D.D.T. spraying with 112 mg. dose per square foot was
carried out once in the hitherto unsprayed hypoendemic villages in the coastal belt
and twice in the villages situated in 10 mile belt adjacent to Goa border, in Supa
and Karwar Taluks and in Dandeli mining area covering a total population of
1,138,711 so as to create a “CORDON SANITAIRE.

Results,—Statement 8 furnishes the details of malaria surveillance wotk from
December, 1456 to May, 1857,

Fever morbidity cases.~A total of 2,103 fever cases were investigated in
3,33,430 house visits. The number of fever cases per 200 house visits {at the rate
of & persons per house for 1,000 population) was 1-26,

Blood Smeuar examination.—Out of the total number of 2,090 blood smears
taken and examined, three were positive, two for wivax and one for falciparum.
Statement & furnishes details of investigation conducted in respect of positive
cases. All the three were given 8-aminequinolines.

Entomological data.—Entomological collections were arranged in selected
villages in Sirsi and Siddapur area of Kanara East and in Karwar Kumta, and
Honnavar Taluks of Kanara West Division, The entomological data for the
calendar years 1954, 1955 and 1956 and up to end of November 1957 is detailed in
Tables IX and X. Eight A. fluviatilis were collected from cattle-sheds yielding a
man-hour density of 8-018, This is far below the assumed critical density for this
A4,

MALARIA SURVEILLANCE WORK IN THE RICE TRACT.

The malaria surveillance work in the rice-tract was resumed for the second
time from June, 1937. The surveillance organisation consisted of ¢ Malaria
Supervisors, 2 Sanitary Inspectors and 2 Sanitary Sub-Inspectors. The Malaria
Supervisors and Sanitary Inspectors worked as investigators throughout the week
but the Sanitary Sub-Inspectors worked only for three days in a week and attended
to their routine vaccination work on other days. Among the insect colleciors, two
were on mosquito collection duty in selected villages on ail days of the week. The
whole staff was required to cover a total population of 81,890 in rice-tract and the
work was concluded in November, 1057, The number of villages and population
atlotted to each team is as follows : —

Numberof | ; . .
. ; A ; . ! Nuwnber of + Tolal ulation
Team. © persons in cach ! Taluk. | vitlages allotied. ! aﬁg&ed.
i tean. ; i = .
1 ' . g
;2 L Sirsi _l 09 P 0,011
3 ; 2 . Mundaged ! 6u . 15,871
:{‘ 3 ' Haliyal ! T 36,00
K I (pari-lime) l Yellapur 2 1,006

Total | 8 ! : s 81,800
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Results.~—Statement 9 furnishes the detdils of malaria surveillance work doneg
from June, 1957 to November, 1957,

Fever morbidity ~A total of 1,527 fever cases were investigated in 1,08,653
house visits. The number of fever cases per 200 house visits {(at the rate of &
persons per house, for 1,000 population) was 2'8. The incidence of fever cases was
maximum during July.

Blood smear examination.—Qut of 1,327 blood smears cotlected and examined
3 were found positive, 2 for vivax and one for mixed infection. Particulars of
investigation in respect of parasite positive cases are furnished in Statement 5.

Entomological data.—The entomological data for the calendar years 1954 and
and 1955 in respect of Kanara East Division and for the years 1955 and 1959 in
respect of Kanara West Divigsion and for the surveillance peried are presented in
Tables IX and X. A. fluviatilis was absent in Kanara East Division in 1854 and
1955 and in Kapara West Division during 1955 and 1956. During the period
June to November, 1966, one A. fluviatilis was collected from cattle-shed in rice-
tract.  Again, 4 A, fluviatilis have been collected in the rice-tract during the
period June to November, 19567.

6. MALARIA SURVEILLANCE WORK IN COORG DISTRICT—
A. FLUVIATILIS AREA—~SPRAYING INTERRUPTED.

Coorg District comprising an area of 1,593 square miles and a population of
2,29,405 (1951 census) i3 a mountainous country, situated on the summits and the
eastern and western slopes of the western hill ranges of Peninsular India. The
southern portion of the district is covered by one stretch of forest. In the north,
the country becomes open towards the east, while to the west and north the
country rises to high peaks measuring from 3,800 feet to 5,729 feet above the sea
level. The district gets both the south-west and north-ecast monscons. The
monsoon usually starts at the end of May. The western part of the district
receives an annual rainfall ranging from 120 to 250 inches and the eastern portion,
which is in the nature of a plateau, from 50 to 65 inches ; while in the middle tract
running north to south the rainfall varies from 70 to 90 inches. Cultivation of rice
is carried out in most of the district except in the eastern and north-eastern villages
where dry farming is more common. The malaria transmission season extends
from Qctober to May and the vector is A. fluviatilis. The pre-control spleen rate
was 682 per cent in 1047 and the anti-malaria work in the district, with residual
DIYT. spraying, was commenced in 1947 {Jaswant Singh and Kariappa, 1949). The
spleen rates for the vears 1953, 1954 and 1955 have been less than one per cent.
Even in the absence of information regarding child parasite rate and infant parasite
rate either before or after the commencement of the control and as the confirmed
malaria cases were extremely few since 1951 and nil in 1956, the Expert Committee
recommended interruption of spraying in the entire district.

Malaria surveillance work in Coorg District was started with effect from July
1, 1957 with the assistance of Health Inspectors and Health Sub-Inspectors. Genezral
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health work has been integrated with malaria work. There are eight sanctioned
posts each of Health Inspectors and Health Sub-Inspectors. Each Health Inspector
or Health Sub-Inspector is assigned a population of 10,000 on an average. He is
required to visit the assigned population once during the month, in 20 work days.
Case finding, record maintenance and reporting are in accordance with erstwhile
Mysore pattern. A population of 30,000 concentrated around the dispensaries and
hospitals is excluded from malaria surveillance work. Work turned out up to the
end of September, 1957 is as follows :—

] i :
; . Number of ; ;
Month ¢ Population . ! Fever | Biood Tablets
(1957} " surveillanced- s"::‘;‘ﬂfzce | cases. | samears Result. issued,
Tuly 'l 96,104 ) [T N B Negative 142
August 94,209 13 o121 | 18 egative 371
September | 1,21,058 14 P12 1' 137 Negative |* 420
309 l 203 942

7. MALARIA SURVEILLANCE IN DISTRICT MALARIA SCHEME
AREA, PUTTUR (SOUTH KANARA DISTRICT).

The District Malaria Scheme was started (Madras State) in 1948 o cover 44
villages in Puitur Taluk of South Kanara District, The number of villages under
control increased vear after vear and the scheme now extends to the entire Malnad
areas of the South Kanara District, comprising 191 villages having 2,80,175 popula-
tion in five Taluks of Puttur, Belthangady, Karkal, Coondapur and Udipi. Except
Udipt, all the other four Taluks do not touch the coastal areas. The scheme area
which is 15 to 20 miles from the coastal margin, comprises the foot-hill regions
covered with thick forests, deep valleys with steep ridges, with swiftly flowing
streams. The terrain merges with the coastal plain as one proceeds west, The
height varies from 300 feet rising to 2000 feet along the Ghat regions,* studed with
peaks like Kodachadri, Kuduremukha and Amedikal, etc. The average annual
rainfall in Puttur and Belthangady is about 180 to 189 inches respectively, The
Ghat regions receive about 250 inches rainfall and over, the maximum precipitation
being from June to September through south-west monsoon, the north-east mon-

soon being weak. The maximum and minimum temperature dusing summer and
winter being 04°F-82°F and 88°F.7T4°F.

Malaria transmission season extends from December to June. A. fluviatilis
and A. culicifacies are the vectors {Ramakrishnan et al., 1948). Table XI shows the
results of malaria control.

On the basis of the spleen rate, parasite rate and infant parasite rate, for the
three years, 1953 to 1955, the Expert Commitiee recommended interruption of
spraying and institution of malaria surveillance work.

*The Western Hiil-Range.
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TasLe XI.
Results of malaria control.

! Spleen rate. | Parasite rate. ! Bitth rate Desth rate | T°ver death | Malasia death

Year. : {Per cent.) {Per cent.} i per mille. per mille. r:?“}:r ";:iﬂg‘“
1949 ¢ 3040 3.3 | s 21 9

1950 1 2345 1-0 41 12 4
1051 | 93 045 41 15 4 05
1952 | 48 0¢2 4k 14 3 i
1058 | 3:6 0:2 46 14 4 0.1
1954 2.0 ne 46 14 4 ol
1955 | 12 0401 | 43435 128 4 04)

Hospital statistics {Percentage of malaria cases to lotal cases treated).

PERCENTAGE OF MALARIA CASES TO TOTAL CASES TREATED :

Name of the Dispensary. '} Yzar

| [P —— it . e

P o10ap | 3950 | 1851 | lesz | 16s3 i 1654 i 1856
L.F. Kadaba T | % e [T | w0 s | 2
R.D. U?g:nangady I 32 27 110 9 18 LT
L.F. Be gady {38 27 i 1 17 6 ; 8 8
L.F. Suilia a9 18 1 14 18 2% 3i 8
Subramania . 12 i T8 3 3 25

ORGANISATION OF MALARIA SURVEILANCE WORK.

The surveillance work was started during the month of September, 1967 The
staff consisted of 6 Health Inspectors, 26 Field Assistants, 2 Assistant Entomolo-
gists and 2 Laboratory Assistants under the control of whole time Malaria Health
Officer. All the Field Assistants, many of whom have undergone Sanitary
Inspectors’ training, were trained in technique of blood smear eollection and
investigation of malaria and fever cases. Each one of the Field Assistants was
assigned a population of 10,000. He was instructed to visit each house in his area
once a month. No transport was provided. Of the 28 Field Assistants, 23 were
detailed for surveillance work and 3 were detailed for entomological work, The work
of 4 Field Assistants was supervised by one Health Inspector ; the entomological
work of Field Assistants was supervised by Assistant Entomologist by actual test
collections in the villages. The blood smears were examined at the laboratory
attached to the Health Office, Puttur. Test checking was done at the Central
Labaratory, Bangalore.

It may be of interest to note that as D.D.'T. spraying in Puttur area was
carried out by field staff without any tramsport, the sanctioned staff came to be
very handy for organising malaria surveillance work. During September, 97
clinical malaria cases and 679 fever cases were investigated. Of 679 blood smears
collected and examined, all were found negative.
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DISCUSSION.

From the previous Sections, it can be made ouf that the following patierns of
malaria surveillance, in the selected areas of the Mysore State, are being tried.

L FLUVIATILIS AREA OF EFRSTWHILE MYSORE STATE. (SPRAYING

{e)
(b)
(¢)
ted}
ie}

)
{g)

COMPLETELY INTERRUPTED OR FREQUENCY OF ROUNDS REDUCED).
Two visits fo all the houses in the entire area during the month, at
fortnightly intervals.

Surveillance all through the year.

No transport is provided to Health Inspectors or Malaria Surveillance
workers.

Municipal population is also included for surveiilance.

(General public health activities and malaria surveillance work ate
integrated.

Clinical malaria and fever cases ars differentiated.

Parasite positive cases are investigaied by the Assistant Medical Qfficers
of Health or the Medical Officers of Health and treated.

H. CULICIFACIES AREA OF ERSTWHILE MYSORE STATE. (FREQUENCY OF

SPRAYING REDUCED TO ONE ROUND).

The pattern of surveillance is similar to the one explained above except that all
houses in the area are visited once during the month at monthly intervals,

{a)

{b)

(i
(d)
{e)
)
)

{h)

{a}

{b)
{c}

1. NORTH KANARA {(GARDEN AND RICE TRACTS.L
Two visits to each of the houses in the area allotted to each team during
the month at fortnightly intervals.
Surveillance is confined only to the transmission season of six months
irom December 1o May, in garden tracts and June-November i rice-
tracts.
(General public bealth stalf and malaria steff of the district and malaria
staff of the adjacent districts are also mobilised for surveillance work.
Transport is provided to each team.
General public health and malaria surveillance work are integrated.
Clinical malaria and fever cases are not differentiated.
Parasite positive cases are investigated by Medicatl Officer of Health and
treated by non-medical personnel,
Municipal and Panchayat Board pupulation excluded from surveillance.

V. COORG DISTRICT.

One visit duriﬁg the month to each house. Fach Health Inspector or
Sub-Inspector is allotted a population of about 10,0060.

No transport is provided to the surveiliance workers.

(eneral public health work and'malaria surveillance work are integrated.
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{(d) Surveillance is carried out all through the year.

(e) Clinica! malaria and fever cases are differentiated.

{fi Compact population of 30,000 around dispensaries and hospitals is
excluded from malaria surveillance work.

{g) Parasite positive cases are investigated by Assistant Public Health Officer
and treated by Health Inspectors or Malaria Surveillance workers.

V. DISTRICT MALARIA SCHEME AREA--PUTTUR.

{a) Only one visit to each house in the area during the month.

(b) No transport is provided to the Field Assistants or Health laspectors.
Each field Assistant is allotted a population of 10,000.

(¢} Surveillance is carried out all through the year,

{d) Panchayat Board population is also included.

{e} Public Health activities are not integrated with malaria surveiltance work.

{f) Clinical malaria and fever cases are differentiated.

(g) Parasite positive cases are investigated by Health Officer and treated by
Health Inspectors and Field Assistants.

From a review of the work turned out in the several areas, it can be made out
that in A. fluviatilis area {both interrupted and the reduced round areas) of erstwhile
Mysore State, comprising a population of 5,23,484 and served by a chain of Primary
Health Units, each with a sanctioned staff of two Junior Health Inspectors and
surveillance workers specially appointed {or area not covered by health units, the
population to be surveillanced by each worker is about 300 per day and the allotted
population is visited each fortnight. The work turned out so far shows that the
Health Inspectors and surveillance workers are able to cover the allotted population
in each fortnight. The fluctuation of population surveillanced, as per Statements
4 and 6, in each month is for reasons already enumerated.

In the North Kanara District, one season of surveillance work carried out in
garden tracts with a population of 2,76,017 and resumed surveillance work in rice
tract during June to November 1957 with a population of 81,890 where the popula-
tion to be surveillanced daily by each worker is 1,020, have shown that the surveil-
lance workers are not able to cover the assigned population vide Statements 8 and
9, for the following reasons :

1. The assigned population of 1,020 per day per worker in such hilly tracts
apparently is too much and therefore some assigned villages are omitted during
daily itineration.

2. When the staff either proceed on leave (earned leave or holidays} or
deputed for other health work, the non-availability of substitutes results in the
assigned population not being surveillanced.

3. Limited utility of transport and frequent break-downs, due to bad com-
munications, result in omission of certain population during daily surveillance.
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4, Some of the villages could not be visited on account of floods.

5, The malaria staff, deputed from the adjacent districts, have to stay for six
months outside their Headquarters and most of them like to avold this arduous
work.

In the A. culicifacies area of erstwhile Mysore State, comprising a population
area, of 1,07,8%5, in plain country, the population to be surveilianced daily by each
worker 15 1,200, and it is seen that the surveillance workers have been able to cover
the entire population, once during the month.

In the other two atreas, viz., Coorg District and the District Malaria Scheme
area, Puttur, the pattern of surveillance has been organised on the experience gained
in erstwhile Mysore and the North Kanara District. The work turned out will be
presented after one season of surveillance.

It can be made out that, in A. fluviatilis area of erstwhile Mysore State
(Statements £ and 8), during each {ortnight almost equal number of clinical malaria
and fever cases are investigated, and the monthly average per 1000 population has
gone up to 3-58,

Whereas in A. culicifacies area (Statement 7), where surveillance is restricted
only once a month, the number of cases investigated is also less and the monthly
average has gone up only to 0-91. From this it locks that by two visits to each
house during the month, more cases are investigated.

Positive blood smears.—So far 13 positive blood smears have been collected
from June, 1938 to November, 1857. Of these, 4 are from erstwhile Mysore State,
9 from North Kanara District (including one P. malariae already reported by Patel,
Rao and Paranjpey (1957) and one P. vivax and one mixed infection collected during
November, 1036 in rice-tracts), All these cases have been investigated and 8 cases
were treated with 8 amino-quinolines. Three patients could not be traced and two
others treated with only schizonticides. Though the number of positives that
could not be traced is three only, this aspect has to be kept in view in large scale
malaria surveillance work, when inter-state reporting of movements of positive
cases may be of great help.

The positive findings in a child of four years {vide Serial number 2 under
North Kanara District Garden Tract in Statement 3) of P. falciparum Is interesting
as the child is stated not to have moved out of Siddapur Talak.

The positive smears hitherto collected were found during the months of
April, May, June and July 1957 in erstwhile Mysore State ; April and May in the
garden-tracts and October and November in rice-tracts.

The Expert Body estimated that 60,000 tablets of 4-amino-quinolines may be
required for one NiM.C, Unit during a period of one year. During the period of
one year under report, tn erstwhile Mysore State, 40,688 tablets of 4-aminoguino-
lines {as against 37,883 tablets as per expert body estimate} were distributed in a
population of 6,31,379,
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Since the interruption of spraying., there is an increase in all anopheline
density in al! the areas. The vectors have not yet reached their presumed critical
densities. In the light of this, it is too early to predict the future course of malaria
in the area.

CONCLUSION.

¥. Malaria surveiliance work, carried out in selected areas of Mysore State
from October, 1956 to September, 1957, is presented,

2. The organisation and distinet patterns of surveiilance have been discussed
and suggestions made.

3. The patterns of surveillance tried lend themselves for adoption in other
areas during the surveillance phase of the Malaria Eradication Programme to come
round during 1960-61,

4. It is too early to predict the future course of malaria in areas under
malaria surveillance,
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APPENDIX I.

Durtes oF #uk Heanrs Inspeerors ann Moanakia SurvEILLANCE WORKERS ¢

The surveillance procedure and the duties assigned 1o the staff were ;

1. Hcuse to house visit once a forinight in their divisions and to list all
active cases of fever during their house visits or those with a history of fever in
hetween the visits and to take from cach of those 3 thick and thin blood smear for
microscopic diagnosis. All those cases with clinical signs and symptoms of malaria
1o be recorded as malaria cases and the rest as fever cases.

2. To administer a single dose of Chloroquine €-6 gm. base or its equivalent
to gach adult person suffering from fever.

3. Totreat ali the parasite positive cases with Primaquine for five days
administering 7-3 mg. base per adult twice a day for radical cure, and

4. To epidemiologically investigate the positive cases to determine the source
of infection,






INDIAN COUNCIL OF MEDICAL. RESEARCH

Applicaiions are mvited for the following posts in the Indian Counal of
Medical Research to reach the Director not later than 15th December, 1959,

{1} Deputy Director {Adrinistration), Scale of pay Rs. 1,300-60.1,600
plus allowances as admissible under the rules. The applicants should be between
35 and 50 vears of age.

Qualifications and experience.—A degree in medicine recognised under the
Indian Medical Council Act, 1956 and a post-graduate gualification in medicine or
Public Health. At least five vears experience of administration as head of an
Institution or Department. Post tenable initially for five years, period being
extendable thereafter.

i2) Deputy Director (Technicali. Scale of pay Rs. 1,300-60.1,600 plus
allowances as admissible under the rules. The applicants should be between 35
and 50 years of age.

Qualifications and experience. —~A degree in medicine recognised under the
Indian Medical Council Act, 1956, and a post-graduate gualification in any branch
of medicul sciences. Al least seven years experience in research in the medical and
aHied felds. Post tenable initially for five years. period heing extendable thereafter.

(%1 Assistant Editor for the Indian Journa! of Medical Research. Scale
of pay Rs. 000-50-1,200 plus allowances admissible under the rules. The applicants
should be between 33 and 50 vears of age, lower age limit being relaxable in
ntherwise suitable candidates.

Qualifications and experience.~A degree in rnedicine recognised under the
Indian Medical Councii Act, 1838 or a degree in allied sciences, such as Biochemi-
stry, Physiology, Microbiology, Pharmacology, etc., with experience in research and
medical journalism. Oiher things being equal. preference will be given to medical
yraduates, The selected candidate will be required to work at Kasauli for a few
months.  Appointment will be on five years’ contract, renewable thereafter.

General. —Selected candidates for all the three posts will be en probation for
one vear. DBenefits of Contributory Provident Fund admissible subject to Rules of
the Fund. Private practice or compensition in leu thereof not allowed. Candi-
Jdates called for interview will be granted one return first class rail fare. Qnly
concessional rail fare, i available, will be allowed. No travelling allowance
admissible for joining appointment or on tenmination of appointment,

_ Applications on the prescribed form, obtainable from the Director, Indian
Council of Medical Research, Medical nclave, New Delhi, should be sent 1o him
accompanied by a crossed postal order for Rs. 7-30 (Rs. 187 only in case of
Scheduled Castes/Tribes and other backward classes candidates) made out in the
name of the Indian Council of Medical Research. Applications without postal
orders will not.be considered”

{673




INDIAN COUNCIL OF MEDICAL RESEARCH.
.NOTICE

MEDICAL RESEARCH—-NEW PROPOSALS FOR 1960-61.

The Indian Council of Medical Research invites applications for grants-in-aid
for carrying out research during 1980-01 (from tst April, 1960 to 31st March, 1961)
an fundamental and applied aspects of any of the problems listed below in Institu-
tions where adequate laboratory and other necessary facilities for conducting
research are available :—

A.  ommunicable Diseases B.
i, Tuberculosis i. Malnutrition
2. Cholers 2. Venereal Diseases
3. Leprosy 3. Helminthic Infections
4. Infantile Diarchea 4. Ameebtasis
5. Tvphoid b Dental Health
4. Filartasis 6, Cardio-vascular Diseases
7. Pohomyelitis 7. Metabolic Disorders
%, Diptheria
% Smalipox

Environmental Sanitation
Industrial Health
Trials of Indigenous Drugs.

A b Virus Diseases
I. Respiratory Viruses
2, Enteriec Viruses

SE=Re

Applications in triplicate on the prescribed application form, with 120 copies
of 2 note giving details of lines of work proposed to be undertaken on the enquiry,
should be submitted through proper channel to the Director, Jndian Council of
Medica! Research, New Delbi, so as to reach him not later than 20th November,
1959. Application forms can be supplied on request by the Director, Indian Council
of Medical Research, )

N.B.—It may please be noted that schemes on the subjects mentioned against
‘A’ 1o ‘B’ n the list referred to above, received from research workers for financial
support i J959-60 and which were recommended by the Scientific Advisory Board
of the Council for acceptance, would be reconsidered at the annual meetings of the
Council in December, 1969, and that it is not necessary for those workers to submit
those schemes over again for grant of funds in 1960-6},

(68)



Indian Journal of Maluriology, 13, 213, June/September 195U,

THE EFFECT OF SMALL DOSES OF PRIMAQUINE
UPON MALARIA INFECTIONS.
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MARTIN D. YOUNG*.

(Department of Health, Education and Welfare, Public Health Seruwe, National
Institute of Allergy and Infectious Diseases, Laboratory of Purasite Chemotherapy,
Columbia, South Carolina, U.S.4.}
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PrasmocHin, the first 8-aminoquinoline drug used against malaria, was shown
to have a rapid sporontccidal effect in small doses by Barber, Komp, and Newman
(1929, They demonstrated that a single dose of 5 mg. sterilized the gametocytes
of Plasmodium falciparum within 24 houss. DBecause of its toxicity, however, plas-
mochin has not been widely used.

Recently. new members of this series of drugs have been discovered which are
less toxic. One of these, primaquine, has the ability to eradicate the tissue phases
of malaria when given at the rate of 15 mg. daily for 14 days. Recently small doses
of this drug have been tried 1o determine the effects upon induced malaria
infections, especially the sporogonous cycle. The results are given in this report.

MATERIALS AND METHODS.

Plasmodium vivax or P. falciparum was induced in neurosyphililic patients.
All of the patients were Negroes except Nos. 1314 and 1318 who were Caucasians,
When the gametocytemias appeared, or, in some cases of P. falciparum were
expected to appear, mosquitoes were allowed to feed upon the patients daily. After
several days primaquine treatment was begun either weekly, twice weekly, or daily.
The drug was given following the feeding of the mosquitces.

The mosquitoes used were Anopheles quadrimaculatus (Q-1 strain} and
A. freeborni (F-1 strain}. After the infective feedings, they were maintained at
76°F.4-2°F. and at a high relative humidity for 16 to 18 days. Usually 20
mosquitoes were dissected to determine the presence of infection.  On the eighth
to tenth day of incubation 10 mosquitoes were dissected to determine the density
of obcysts ; if the infection was light or absent, an additional 10 were dissected.
After about two weeks’ incubation, 10 more mosquitoes were dissected to
determine the presence of sporozoites. The other details in handling the infected
mosquitoes have been described elsewbere {Burgess and Young, 1944).

When the term “infected mosquitoes” is used in this report it means the
presence of sporozoites or normal appearing odcysts capable of producing sporo-
zoites, unless otherwise noted.

*The author gratefully acknowledpes the aid of Mr. Jimmie C. Skinner.
(69}
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Daily determinations were made of the blood for parasite densities. The
temperatures of the patients were recorded routinely every four hours, and hourly
when elevated. Examinations, usually weekly, were done as follows : blood—
hemoglobin levels and white cell counts ; urines—albumin, sugar, specific gravity,
pH reaction, and microscopic.

RESULTS.

The results are summarized in Table I and some are shown graphically in
Figures 1 and 2. Seven cases of P. falciparum and three cases of P. vivax were
given primaquine in one or more regimens. Thirty mg. weekly (Patient Number
1310) and 15 mg. twice weekly (Patient Number 1311, secopd regimen) exerted {ull
sporontocidal effects against P. falciparum infections within 48 hours after the first
doge and continuously for as long as the drug was given. In the first trial against
P. faletparum in Patient Number 1311, 15 mg. twice weekly did not bave full
sporontocidal effect until 48 hours after the second dose, or the sixth day following
institution of therapy.

Against P. vivax, sporontocidal effects occurred within 24 hours after 30 mg.
{Patient Number 1814) and after 15 mg. {Patient Number 1815}, The latter dose
given twice weekly prevented mosquito infection. Fifteen mg. given weekly had
intermittent sporontocidal effect {Patient Number 1305). The 30 and 15 mg. doses
had variable effects upon the asexual parasites and clinical symptoms ranging from
quick clearance (Patient Number 1314) fo little, if any, modification (Patient
Number 13035).

A daily dose of & mg. was sporontocidal against P. vivax (Patient Number
1315) three_days later and subsequently. The fevers disappeared after four days and
the parasite density gradually lessened until they disappeared on the ninetieth day
of this regimen. Three mg. daily had sporontocidal effects within 48 hours
(Patient Number 1314) and cleared the parasitaemia on the fifth day.

In the P. tivax infections, the administration of primaqguine once weekly,
twice weekly, or daily, did not prevent the presence of gametocytes in the blood
giream.

Two cases of P falciparwm received the drug either before mosquitces were
becoming infected or before gametocytes were present. Case Number 181Y started
receiving 3 mg. primaquine daily on the sixth day of gametocytemia (Table I).
Mosquitoes fed on five days preceding the drugging did not become infected nor
did mosquitoes become infected during the drugging period of 68 days; although
the drug did not prevent the development of the waves of gametocytes, it may have
reduced their number and perhaps prevented their becoming infective to
mosguitoes.

The patient was followed for an additional 89 days after drugging was
stopped. Of the 58 attempts to infect mosquitoes during the latter peried, sporo-
zoites occurred only once, on patency day 79, or 21 days after the last dose of
3 mg. of primaquine.
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In Case Number 1320, 3 mg. of primaquine daily was begun on the
first day of gametocytemia. Gametocytes increased to 2 maximum of 1862 per cmm.
on the eighth day of medication, at which time mosquito feedings were begun. No
mosquitoes were infected during the next 20 days. The drug was given for 146
consecutive days during which time waves of gametocytes, of low density, appeared.

Three mg. daily against P. falcipavum {Patjent Number 1321} was sporonto-
cidal within 72 hours and subsequently. The gametocytes disappeared on patency
day 35, the seventeenth day of drugging, but reappeared briefly on two occasions.
In Patient Number 1316, the same daily dose was sporontocidal within five days
and remained so for the 45 days it was tested. Several waves of gametocytes
appeared during the drugging period. The density of asexual parasites fluctuated
and clinical symptoms occasionally occurred.

The schizontocidal effect of the small doses of primaquine was inconsistent
but ip general not pronounced. In a few instances, for example Patient 1314, the
parasitologic and symptomatic responses were rapid, but in other cases, namely
Patients 1316 and 1305, there appeared to be little, if any, effect.

Regular blood and utine determinations on these patients did not reveal any
toxic manifestations attributable to the drug.

o Tance I
Summary of sporentecidal effects of primaquine.

! Pracentace Mosquitors INFECTED : ! .g
. Drug (o) Mosquitoes ;
i{;‘;ﬁg{‘_ ) Days after first drug dose. Nefative |15,
L T T s B Untif Day. | §,§
o cAmbiTFrequency. -1] 0 13 2 (8¢ 5|6 7 1ad
Piasmodium falciparum-—Panama strain ¢ | i I 1
Lale | 30§ wk.xX4 B! 100 7 B0 ¢ G 0j O 0: 0|27 i o4
LML 15 biswk.X8 100100 60 83| 8D 100% 80 Q! 028 -
1,811 : 15! bi-wk. X5 100 } 100 | 80 8 0 ol 0] 0] 015 s 154
1,312 . 15| wk.,XB L 0 0 0 G 0: 0 0] 011 a8
1,318 j 3 | dailyx 2% 0100160106 | 300 {0 ¢ O ¢! 46t 170
1,819 i 3 datlyx 58 H 0 0 0 0 0: o, o} ¢ lg’:e:l%e:pt 187
i : § y :
130 | 3 lasiyxie | o ol oi ol ol o of ol ofas= a1
1,330 | 31 dailyx30 |100| 80 80:100| 0| O o} 0f 070§ |8
Plasmodium vivax i P x :
1,314 ;30 once Lol ol oDy Loy e b g i 80
L3153 : 15| bi-wk. X6 100 100 ot 0 0 t| ¢} O 0 Between ;20
' . ! ; drug day 18 !
1 : i ' and 2¢ :
1,383 5 | dailyx83 9§ 1od | Jou | 60 U o 03 0, 09 ; 189
131488 3! dailyxle | .. |lo0{306i 0} 6] OPD.g..i.. . | "o3
L3065 | 15| wk.X3 16| so{ o] ©0f of 0 60]80]s0* . i 63
Note: 1,314 was St. Flizabeth strain ; 1,315 and 1,305 were Chesson.
whe = weekly ; bi-wk. = bi=weekly. 1 = 16 mesquite feedings from day 0 to day 27 and
* = gubsequent dose of drug. 69 feedings from day 58 to day 187,
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14 Effect of Small Doses of Primaquine.

DISCUSSION.

These results indicate that mosquito transmission of malaria can be intes-
supted and prevented by the administering of small weekly, bi-weekly, or daily
doses of primaquine. Jt appears that more than 15 mg. single dose weekly is
required for continuous prevention. However, the daily dose of 3 mg. was sporon-
rocidal and it is possible that even smaller daily doses would be sufficient. Although
there was no consistent schizontocidal effect, there was no evidence of resistance to
primaquine. In our previous work with the resistance of malaria to pyrimetha-
mine, the gametocytes became resistant at the same time as the asexual forms with
subsequent infection of mosquitoes in the presence of the drug (Young and Burgess,
1958 ; Burgess and Young, 1959). The resistance was apparent in the relapses
following the initial exposure to pyrimethamine. In the present work, there was no
evidence of resistance during the primary attack or the relapse by either the asexual
or sexual parasites under continuous long exposure to primaquine.

The drug did not prevent the development of the waves of gametocytes,
especially P. falciparum, but it may have reduced the number of gametocytes as
they never reached the usual densities. Once the drug becarce effective against the
gametocytes, those present in the blood or those which appeared later during the
drug period never were able to complete the sporogonous cycle in the mosquito.
The persistence and reappearance of the gametocytes during drug therapy, and in
some cases early in the therapy, indicate that primaquine in the amounts given was
not gametocytocidal. The term sporontocidal appears to be more definitive.

SUMMARY AND CONCLUSIONS.

Small doses of primaquine given to cases of Plasmodium vivax and P. falciparam
exerted sporontocidal effects.  Thirty mg. weekly, either in a single dose or in two
doses and 5 or 3 mg. in daily doses usually prevented the transmission of malaria.
Gametocytes were present or appeared in waves during continued drug treatment
hut were not able to complete the sporogonous cycle in the mosquito. The
schizontocidal action was inconsistent hut usually inefective.

Five mg. was given daily for 93 days continuously and 3 mg. dailv for 39, 14,
127, 38, and 148 days respectively without any apparent toxicity.
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STUDIES ON THE BIONOMICS OF MOSQUITO VECTORS
WHICH TRANSMIT FILARIASIS IN INDIA.

1. ATTACHMENT QF MANSONIA ANNULIFERA AND MANSONIA
UNIFORMIS LARVAE TO HOST PLANTS OCCURRING IN PISTIA
TANKS IN KERALA, SOUTH INDIA.

AY
GEARGE J. BURTON*,
{Entomologist { Filuriasis} U. S. Technical Cooperation Mission to India.]

5eptember 1, 1950,

Tris is the first of several anticipated papers relating to the bionomics of
mosquitoes which transmit filariasis in India, chiefly Culex fatigans and several
species of Mansonia, subgenus Mansontoides, particularly M. annulifera (Theobald)
and M. uniformis { Theobald ). The present study was carried out in Palluruthy
and Ernakuiam, Kerala State, South India in April and May, 1959, In so far as
possible, observations were made in the field, supplemented by laboratory study.
For the purpose of recording the activities of the larvae either at the tank or in
the laboratory, the host plants were placed into a rectangular, clear glass jar contain-
ing 200 to 300 third and fourth instar larvae of either M. annuiifera or M, uniformis.
Attachment attempts and behaviour were studied by means of a detached upper
portion of a stereoscopic entomologieal miscroscope placed horizontally. To
supplement such observations, those portions of the host plant to which attachment
is effected. such as roots, were placed into a petri dish, permitting behaviour of the
larvae to be studied in detail under high magnification. The larvae did not seem to
be aware of the changed orientation of the roots from the vertical to the horizontal
position, and carried on their attachments as is usual in nature.

A "tank’ as used in India, refers to a small pend usually located near a house
or hut, and which furnishes water for household use. Generally it is between 10
and 20 feet in diameter, but may be larger in some instances. Jn Kerala, such
tanks are never used for buffalo or cattle wallowing. The water is often covered
with Pistia stratiotes or water lettuce, which is said to keep the water clean and cool.
Pistia removal 1s therefore objected to by the householders. The tanks are used for
soaking of coconut husks to produce coir fibres which are used in making mats, rope,
and carpets. The prolonged soaking of the husks over a period of five to six months
yields an infusion which probably helps increase Mansonioides breeding.

All of the close-up photographs shown here were taken with an Edixa (German)
single-lens reflex 35 mm, camera having 2 Takumar { Japanese ) . 22, 56 mm, lens
and close-up extension rings. The microscope photography was done with the same
camera body minus lens, using the microscope ocular and objective to replace the

T e hssiamed to Filariasis Division, Malaria Institute of Tndia, Delhi and Frnakulam {India),
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78 Attachment of M. annulifera and M, uniformis larvae to host plants.

samera lens, with a two-inch adapter for fitting the camera body to the drawtube of
the microscope. The films used were Adox KB 14 and Kodak Panatomic X. Since
no histological equipment was available at the time of the study, all cross sections of
ruots were done with the naked eye, using a new razor blade. Although this methed
1{id not give very thin sections, it provided sections which were adequate enough for
snowing the cross sectional anatomy.

Since it is practically impossible to photograph the actions of larvae under water
in the actual Pisiig tanks, it must be assumed that the detailed behaviour of
Mansonioides larvae as recorded here, based on observations in a deep glass jar and in
a vetri dish, follows fairly closely the actual field behaviour. This assumption is
iustifed by the fact that in most cases such attachments in the glass jar took place
instantly. The rectangular jars were brought to the site of the tank, and justas soon
as the larvae were collected they were placed into the jar containing the host plant
in tank water ; the only difference between the actual tank conditions and the
experimental conditions was the presence of the glass jar. In practically every case,
2xcept as mentioned otherwise, the larvae attached or began to attach within one
mintte of being introduced to the host plant,

Pistia stratiotes, family Araceae, called water lettuce, is the chief host plant
for Mansonioides in Kerala State, for the simple reason that it is more numerous
than any of the other tank plants. Although water hyacinth, Eichhomia speciosa
Kunth, family Pontederiaceae, occurs extensively in very large tanks or water areas,
1t is not as widespread as Pistra in Kerala.

he present study reveals conclusively that Mansonioides attaches as readily to
fichnornia as to Pistia. Preliminary observations have indicated that wherever
Pistia and Evwchhornia occur in the same area, if there are larvae and pupae attach-
»d to Pistia, they will generally also be found attached to water hyacinth in the
same ares, either in the same or in other tanks. In one case, however, where water
Jectuce and water hyacinth occurred side by side in the same tank containing soak-
ing coconut husks, only the water hyacinth had attached larvae of M. annylifera, but
Pistia did not, despite much searching.

The other plants described herein were found growing around the margins of
Pista vanks in Palluruthy near Cochin. Some occur more frequently than others.
Azolla pinnata is invariably found associated with Pistia and water hyacinth (Fig. 1),
and i Shertallay, Ketala, it occurred in overwhelming numbers in Azolla tanks as
such (Fig. 40). Lemna minor, or duckweed, is likewise found associated with Pistia
and Eichhornia in small numbers, or may completely cover the surface of a tank by
itself. Mavsilea quadrifoliata, which resembiles a four-leaf clover on 2 long stalk,
wecurs rather frequently in Pistia tanks, and likewise Bacopa monnieri and Commelina
salicifolia.  On the other hand, Trapa bispinosa and the lotus plants Nelumbo and
Nymphaea may occur in tanks with or without Pistia or Eichhornia (Fig. 2). Other
plants are known to occur in these tanks, but owing to the heavy monsoon at the
ume of the present study, they could not be sought at this time. All plant identif-
Lations were made with the ald of the ““Handbook of Common Water and Marsh
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Plants of India and Burma, 1936 by K, Biswas and C. C. Calder, second edition,
1955, Tweo of the specimens were sent to the National Herbarium in Caleutta
for more positive identification of genus and species, and turned to be Commeling
salicifolia and Limmophila graticloides.

GENERAL OBSERVATIONS CONCERNING ATTACHMENT.

The attachment of Mansonioides larvae to roots or other parts of a plant is a
mode of behaviour that is instinctive, constant, and deliberate. Most larvae seem to
sense that a particular structure will or will not be penctrable. The action is, of
course, inherited, and one would almost think that a larva was aware of the cross
sectional anatomy of a root or leaf. The purpose of an attachment is to obtain oxygen
and excrete carbon dioxide, and the larva must penetrate through the outer layers
{ epidermis and cortex ) in order to reach the air spaces in the root or leaf.

Based en the continual observations involved in the present study, it can be
said that, in general, the larvae attach instinctively to parts of tank plants which
contain internal air spaces for gaseous exchange. Perhaps some attractant or
repellent chemical is associated with attempts or non-attempts to attach, In some
cases attachment takes place in random positions { Fig. 26 ), but in other cases
swift penetration takes place with unerring accuracy ( Fig. <1 ). In a few cases some
larvae attempt to penetrate organs that have a tough cortex; there is air-containing
tissue within, but it cannot be reached, although the attempt is made { Fig. 54 ).

Tt is possible that oxygen pressure within a root or leaf has some bearing on
the attachment activity. The chitinous plates comprising the terminal part of the
siphon {thought by various investigators to be equivalent to the valves of non-attach-
ing culicines) probably permit oxygen to enter the body only when the insertion
provides the necessary reflex.

The extreme end of the siphon of Mansonisides larvae was studied head-on in
both living and in preserved specimens which had been instantly killed in hot water.
In every case the aperture at the extreme end of the siphon was found to remain
open, regardless of circumstances ( Fig. 6, 7, and 8 ), even when the larva lay flat on
the bottom of the vessel. One explanation for this phenomenon may be that, even
though the terminal portion is always open, there appears to be a cut-off valve be-
hind, in the respiratory passageway { Fig. 6 ), thus preventing the intake of oxygen
unless the proper circumstances permit.

A number of observers have noted the eventual death of Mansonivides larvae in
the absence of the host plant. This was verified in several longevity experiments,
all yielding similar results. No matter how many micro-organisms were available as
food, no Mansonia annulifera fourth instar larva survived beyond 80 hours in the
absence of the plant. There were individual variations in longevity, as might be
expected. The experimental results are shown in Table L.

It appears that, in the absence of a host plant, the maximum survival time of a
fourth instar larva is between 2 and 3 days, no pupation taking place. Of course, if
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no host plant is present to begin with, no eggs would be laid. Such mortality
probably also occurs in first through third instar larvae. Mansonioides evidently could
not develop to the adult stage in the absence of the plant unless some other adapta-
tion for obtaining oxygen were developed or effected.

When the larva gets ready to attach. it backs in toward the root in an upsides
dewn position, the saw-toothed edze ventrally placed, and the anal segment facing
vutwards and dorsaliy. The older larvae never attach to a rootlet, but always
toa main root, to the sympodial mass from which the leaves and roots arise
{ Fig. 17), or to a leaf which happens to lie horizontally in the water ( Fig. 12, 14,
42 and 49 ). In Pistia and Eichhornia the attachment to a main root generally occurs
hetween the node whete a rootlet originates and a distance up to one-third of the
way down the internode. Many attachments take place in the axil of a rootlet, A
stitdy of cruss sections along an internode did not reveal any significant difference
in ait spaces within the internode. - First instar larvae also attach to rootlets.

Preliminaty study indicates that the pair of sensory hairs at the base of the
saw ( Fig. 4 and 5 ) probably assist in selection of the place of pepetration.  As the
tarva backs in, it makes between 5 and 7. sometimes fewer as in the case of Lemna,
seldom more, short, rapid sawing or jabbing movements into the tissue which it is
trying to penetrate. These movements stop when the air space within has been
reached. The serrated portion is not inserted completely, as the air spaces lie just
inside the cortex of the root or leaf. Generally only about one-third or less of the
black pigmented valvular portion of the siphon is ingerted into roots. A corrugat-
ed, transparent membrane opposes the serrated edge (Fig. 4) and probably acts as
i rasp ot file during penetration. Two pairs of bilobed sensory sacs at the base of
the anterior prolongation of the saw probably receive and transmit sensory
unpulses from pads at the bases of the fringed. sensory hairs, thus activating the
saw in order to effect penctration (Fig. 4}.

As 'soon as attachment is completed, the larva, which normally lies in an up-
side-down position when attached to Pistia and Eichhornie, moves its mouth-brushes
rapidly, creating a powerful suction which draws inta the mouth all matter froma
considerable distance ahead. Food particles or organisms are ingested, and unwant-
cd matter is ejected from the buccal cavity. Excretion from the anus takes place
frequently as ingestion continues, Fig. 5 shows the orientation of the siphon and
the anal segment for a root penetration.
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Once attached, 3 Jarva may remain for several Jays or longer in the very same
position as long as adequate and suitable food is available within teach of the
mouth brushes. The angle of attachment is usually berween 30 and 45 degrees to
the vertical root (Fig. 24), but occasionally larvae are seen to have the axis of
the body horizontal or actually sloping upwards in the reverse position (Fig. 23
and 23). Mansonia uniformis, which attached very tenaciously, has been observed
to vemain attached for the entire dutation of the third and fourth-instars. The
fourth-instar larvae detach at pupation, and the pupae are more often found
attached high up near the origin of the roots, possibly because they would have only

. a short distance to rise to the surface prior to emergence of the adult, or because
there is less chance of their being disturbed by some predator while hidden
beneath the leaves. Mansonia annulifera larvae do not attach as tenaciously as
those of M. uniformis, possibly because it may cut a wider hole in the plant tissue,
permitting a quick detachment. When an attached M. annulifere larva is modera-
1ely disturbed, it usully detaches, but the M. uniformis Jarva remains attached even
when the plant is shaken violently unless the shaking is continued rather strongly.
On the other hand, the pupae of both species remain attached quite tenaciously,
probably because the gaseous exchange is so vital for conversion of the internal
pupal tissues jnto that of the adult.

A larva that has detached does not usually reattach to the same place. When
1 Mansonia amaulifera larva is detached it prefers to swim 4round for a while before
reattaching, often rising to the surface of the water to hang for some time (Fig. .11,
25, and 38), or else it may go to the bottory and lie motionless in a horizontal
position, appearing to be dead. QOn the other hand, when a M. uniformis larva
becomes detached, it prefers {6 go to the bottom where it remains for a long time
gither swimming or lying in the mud.

Experiments were conducted to test the tenacity of attachment of M, wniformis
tarvae by putting a known number of larvae into a jar containing a water hyacinth
plant, waiting until ail Jarvae had attached, and then shaking the plant very violently
in the water in order (o dislodge the larvae. It took many shakings to dislodge
only half the number, and it was difficult 1o dislodge every single one originally
placed into the vessel. Likewise, it M. uniformis larvae are introduced into a wide,
white enamelled pan contaiming s Jayer of mud at the bottem and no plant at all,
it takes considerable, patient searching to recover all of them, as they bury them-
selves into the mud. These two factors may have accounted for failure to find
M. uniformis often on water hyacinth in the past.

The actual swimming movements of Mansoniotdes farvae, when not attempt-
ing to penctrate a root, are not very many as compared with those of a normal
culicine Farva, The larva is probasbly less attractive to a predator while it is
attached and motionless, while it lies quietly at the surface, or while lying quietly
and invisibly on the bottom. Predators generally react to motion, feeding more
readily on animals that exhibit movement, probably because this indicates that the
ood desired is alive and probably edible.



84 Attachment of M. annulifera and M. uniformis larvae to host pl\ants'.

Attachment to floating leaves takes place in accordance with the penetrability
of the cuticle of the leaf. Most leaves have an aerenchyma or spongy parenchyma
containing air spaces within which the larva can effect gaseous exchange. If the
larva can penetrate the leaf, it will remain attached for a long time, as in Lemna
minor and Azolla pinnata (Fig, 42 and 48). In Pistia and Eichhornia attachment to
leaves occurs only when they lie horizontally in the water, probably because with
the leaf in this position the protective, waxy cuticle can be penetrated more easily
(Fig. 12 and 14).

Mansonioides larvae hang from the surface film almost vertically, the ventral
aspect uppermost, the head slightly arched upwards, and the mouth brushes work-
ing continuously (Fig. 11 and $8). It has already been noted that, in the absence
of the host plant, no larva remained alive beyond 60 hours. Although hanging
at the surface like Culex fatigans or some other culicine, Mansonioides evidently
cannot respire in the normal fashion, although the terminal part of the siphon
remans open. Reference has already been made to the apparent presence of a
subterminal valve among the pigmented plates, as seen in Fig. 6. Muscular contrac-
tions probably regulate the opening and closing of the internat valve. This is being
studied in detail. As suggested above, a successful attachment appears to initiate
respiratory activities. The anal gills probably do not have a very prominent réle
in respiration, except possibly in the case of M. uniformis larvae which lie buried in
dense mud at the bottom for hours. The pair of triple hooks at the tip of the
siphon, seen in Fig. 6, 7, and 8, evidently helps in anchoring the siphon in the plant
tissue, being buried in the cortex of the root or leaf. From the appearance of the
cross sections of Pistia and Eichhornia (Fig. 10 and 19}, the serrated portion of the
siphon does not push deeply into the air space, otherwise there would not be
adequate anchorage. It is sufficient that the terminal end go past the cortex just up
to the air space, the hooks being buried within the cortex. This is indicated in
Fig. 8. Other smaller pairs of hooks are also grouped peripherally and terminally,
several being visible in Fig. 3.

The various attachments to host plants will be presented in the order in which
the plants were studied.

1, PISTIA STRATIOTES LINN., WATER LETTUCE (FAMILY ARACEAE}.

Pistia stratiotes is a small floating plant which reproduces vegetatively by
stoloniferous means so as to form a mat across the surface of tanks in Kerala. The
sessile leaves are rather obovate or somewhat wedge-shaped, forming a sort of cup.
Botanically the plant mass is called a symposium, being made up of a group of
secondary axes having short internodes. The lower surface of each leaf is composed
of spongy, air-containing fissures which serve as a float. Many main roots having
fine, lateral rootlets originate from the sympcedial mass. These rootlets arise in
whorls which are irregular, not forming a complete circle, but are alternately
staggered. ‘The basic pattern can be seen more readily at the terminal portion of a
root where the rootlels are beginning to grow:
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At a nude or place where the ruotlet originates there is a slight prolongauon
or protuberance. Although rootlets occur more frequently jo pairs, there may be
only one or three. Under the microscope the main root appears to be five or six
times the diameter of a rootlet, A clear area is seen at the periphery of the root,
representing the cortex and epidermis combined. In the cross section of a main
root of Pistia shown in Fig. 10, there are 17 air locules or chambers separated by
narrow septa, so that no matter where the larva punctures the root it will reach one
of the air chambers. The epidermis and cortex together comprise one-fourth of the
radius of the root. The xylem and phloem, or conducting vessels of the plant, are
in the very centre of the root. Mansonia annulifera larvae will attach at any point
from beneath the leaves down to the tip of the main root (Fig. 9 and 15). M.
uniformis will attach in the same manner, but tends to prefer being higher up on the
root, as seen in Fig. 17. Figures 12 and 14 show Mansonia amulifera larvae and
pupae attached to Pistia leaves which are horizontal in the water. Note the extent
of penetration of the siphon into the leafy tissue, at least one-half of the serrated
portion being inserted.

In the field the presence of attached larvae of Mansonia uanulifera can be
rather casily ascertained, since 1n general they are quite vasily detached by vigorous
swicling of the roots in 1 water-containing vessel. When the Pistia plant is sudden-
ty yanked out of the water, the larvae remain attached for the most part, and may
or may not detach when the plant is then placed into some vessel, detaching more
often than not. Pupae, however, less often detach during vigorous shaking, and it
is necessary to immerse the plant into a tal, clear glass container in order to see the
attached pupue.

3. EICHHORNIA SPECIOSA KUNTH, WATER HYACINTH
(FAMILY PONTEDERIACEAE}.

Munsonta annulifera and Mansonia untformis attach to the main roots of water
hyacinth just as readily as to roots of Pistia. In order to test this, about 200 third and
fourth-instar larvae of M. annulifera were placed into a rectangular jar, after which
small plants of Pistia and Eichhoraia were introduced simultaneously into the jar.
Most of the larvae headed for one or the other, and atlachment took place depend-
ing on which type of roots were closest to the larva {Fig. 15). There did not seem
to be the slightest preference for one or the other. It was observed that those that
attached rernzined in place for many hours. M. uniformis behaves likewise.

Eichhornia speciosa may either be floating or rooted in the mud, and forms a
much denser mat in tanks than does Pistia. Figute 13 shows a typical water
hyacinth plant with its dense mass of roots and expanded portions of the petioles
which act as Boats. A typical water hyacinth tank next to Sastavinparambil Temple
in Palluruthy, Kerala, is shown in Fig. 18. Note the packed condition of the plants.
Here the water is shallow, and the dense, fibrous masses of rools penetrate the
bottom mud. The leaves, which are obgvate or sumetimes broadly rounded, form
a rosette.  The spiked flowers are hyacinth-like and pale violet in colour. Vegeta-
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tive reproduction proceeds from the submerged rhizome. The leaves, usually one
to two feet high, have a long or short petiole which is inflated near the middle
30 35 to form a float. Those plants which are not rooted in the bottom mud or soil
may be blown for considerable distances. When formed, the seeds sink to the
buttom, where they have been reported to remain dormant for up to 5 to 7 years.

The attachment of Mansonia annulifera to water hyacinth follows just about
the same pattern as on water lettuce. M. annulifera larvee do not appear to have
any more tenacity on Eichhornia than they have on Pistia. Attachment locations are
about the same (Fig, 15, 16, 20, 21) and habits of movement, when not attached,
are also the same as with Pistia, The larvae of Mansonia uniformis are stouter than
those of annulifera, particularly in the fourth-instar. M. uniformis shows a definite
preference for attaching high up on the roots in the sympodial portion beneath the
leaves {Fig. 17). The attachment is very tenacious, and the larvae remain in the
same, exact position for days, whether on Pistia or on water hyacinth.

When attached M. annulifera are lifted up suddenly togetber with the plant,
and plunged into hot water just short of boiling, many of them lose their grip on
the tissues and fall off after heing moderately disturbed, probably due to the nature
of the attachment. On the other hand, if a water hyacinth plant having many
attached M. uniformis latvae is suddenly lifted up and plunged into hot water,
practically every attached larva and pupa remains firmly fixed to the roots. Thus
permanent preparations showing larvae and pupae in position on the plant can be
made more easily with M. uniformis. It has been possible to make a similar prepara-
ton using M. annutifura larvae and pupae, but they have to be fixed in the hot water
longer {2 to 3 minutes), and the preparation then has to be handled very carefully.
The plants should then be kept in a preservative containing 86 parts water, 10 parts
of glycerine, and 4 parts of 40 per cent formaldehyde.

When the non-attachment habits of M. uniformis were studied, it could be
seen why there had been no report previously of M. uniformis on water hyacinth in
aature in India. First of all, when a larva is not attached, it does not prefer to go
to the surface to hang from the film as does annulifera, but instead drops into the
hottom mud and lies there horizontally for many hours if necessary, making sinuous
movements. Mansonia annulifera, likewise has been observed to rest on the bottom
of the vessel for some time, but is much more restless and soon swims up to attach.
For some reason the bottom-resting ability of M. annulifera is less than that of M.
uniformis; the latter does not appear to suffer from lack of oxygen when buried deep
in the bottom mud.

Secondly, attachment of M. uniformis larvae and pupae often takes place very
high up on the roots beneath the leaves, so that even when a water hyacioth plant
is placed into a tall. clear, water-filled jar, the larvae and pupae cannot be seen.
Such high-up attachiments can also take place on water lettuce, but on Pistia they
can mote often be shaken loose when the plant is switled violently back and forth
in water, Tt takes very rough and continued shaking to loosen M. uniformis larvae
from their high attachments on water hyacinth roots.
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For the ressons given above, watet hyacinth bas previously been reported as
being negative for Mansonieides larvae and pupae, since the specimens are compara-
tively non-detachable or else buried down in the bottom mud, perticularly in the
case of M. uniformis, ot else the jet black muddy water makes the larvae and pupae
invisible. It Is recaommended, therefore, that when investigating water hyacinth,
shaking of plants be continued over and over again, and the bottom mud should be
examined at the same time. In a sludgy-bottomed tank such as that next to
Sastavinparambil Temple in Palluruthy, the water hyacinth roots are all heavily
encrusted with black mud {Fig. 13}, Shuaking even a small plant in a white enamelled
pan soon turns the water so black that the larvae can be seen only when a little
of the black water is greatly diluted with clean water. This is a laborious procedure,
but it appears to be the only sure way of finding M. uniformis larvae on water
hyacinth in a2 muddy tank. In Cochin, Kerala, M. uniformis larvae attach to water
hyacinth in far greater numbess than those of M. annulifera.

Figure | shows an association of Pistia, Eichhornia, and Azellu in a tank in the
fourth ward, south side, Thallupu area of Palluruthy. This tank had numerous
coconut husks soaking in it. For some reason only Eichhornia had attached
M. annulifera larvae, while Pisita and Azolla were both negative.

From Fig. 19 it can be seen that the cross sectional anatemy of @ main root of
water hyacinth Is very similar to that of Pistie.  The nuture of the air-conducting
locules or chambers is the same, and as in Pistia an alr chamber can be pierced no
matter from which angle the larva penetrates. This explains why, when the two
plants are suddenly introduced into a jar containing Marsonioides larvae, there js
no preference shown for one or the other plant, as either one is suitable for effect-
ing gasecus exchange. Also note the simmilarities of the cortical and central portions
of the roots of Pistia and FEickhornia. The section of Eichherniu shows 45 air
chambers, whereas the one of Pistiz 1o Fig. 14 shows only 17.

From Fig, 2@ and 22 a very Interesting observation van be inade concerning
latval orientation of the hody with respect to the plant part to which it is attached.
The very long main roots at the right coil around to the left and end halfway up
against the left edge of the jar. The larvae had been placed into the jar befors the
water hyacinth plant was intreduced. It appears as if the body axis of the larva has
gsome correfation with the direction of the rovtlets, because at the left the larvae
angle tpwards, as the photograph is viewed normally. This means that the larvae
are not aware that the direction of the root has been reversed. Preliminary studies
indicate that the pair of fringed, sensitive hairs or selae attached near the base of the
serrated portions of the siphon and projecting dorsaily in the same aspect as the
saw itself (Fig. 4 and 3), are of some impeortance ia the determination of the place
and angle of attachment; tactile sensations are probably transmitted from the hairs
to the basal pads. thence to the paived, bilobed sacs which connect with the
proximal, long, prong-shaped portion of the saw.

The above observation is supported by the fact that when a piece of either
$siea ot Eichhoriig root is placed horizentaily in a water-filled Petri dish, the larvae
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go through exactly the same motions in attaching that they do when the root i
vertical. It has already been mentioned that most of the larvae attach themselves
gither in the axil of a rootlet or up to one-third of the distance down the inter-
node from the axil. This is clearly shown in Fig. 23 in which every larva is attach-
ed either at, or immediately below, the origin of a rootlet. Another bit of support-
ing evidence for this idea is seen in Fig. 25 and 28, where Mansonia annulifera
Jarvae on Bacopa monnieri roots have no rootlets to guide them or orient them, and
therefore hold the body in any position, i.e. downwards, upwards, and horizontally.

No attachments were observed on the air-filled expansions of the petioles,
probably because the outer tissues were too thick for penetration.  In addion to the
attached larvae and pupae, egg masses of Mansonia uniformis were found on water
hyacinth in nature in Kerala, thus indicating that complete development can take
place on water hyacinth alone.

3. BACOPA MONNIJIERI PENNELL, (FAMILY SCROPHULARIACEAE).

This succulent, aquatic, creeping berb has small, sessile, entire leaves which
are § to 2 inch long, and may be obovate or spatulate. It is eaten in India, being
of some medical importance. The leaves are opposite, almost veinless. The roots
are white, except for a reddish hue at the proximal end where they are attached to
the etem, There is a main root portion, and also roots which lie along the creep-
ing stem from one to two inches apart. When this plant is introduced to Mansoria
annulifera in a glass jar, there is instant attachment to the roots, as seen in Fig. 25
and 26. The cross section of a Bacopa oot shown in Fig. 27 explains the
ready attachment. The root diameter is about the same as that of Pistig, and the
section shows 30 air chambers. In Fig. 26, two of the larvae are oriented horizon-
tally, while four are angled upwards. Because of the large number of air chambers
penetration may be effected from any angle; the absence of rootlets may be a facter
in this behaviour pattern, as already noted. Note the clusters of larvae at the
uroximal portions of the roots in Fig. 25, at the lower centre, centre right and upper
right. A few of the larvae penetrated the stem, but the number was negligible;
quite a few sawing motions were necessary for penetration of the stem, which has a
rougher epidermmis than that of the root. It is interesting that, a'though this is not
a floating plant of the nature of Pistia and Eichhornia, the larvae directed themselves
instantly towards the roots and penetrated very easily. Once the penetration was
made, the larvae remained attached in the same position and place for many hours.

4, COMMELINA SALICIFOLIA ROXBURGH (FAMILY
COMMELINACEAE).

This is a slender, prostrate herb with somewhat hnear, lanceolate, sessile
leaves having paralle]l veins and a membranous sheath at the base. The leaves
reach a length up to six inches and up to /8 inch in width, and originate
from a horizontal rhizome. Fig. 28 and 29 show attachments to main roots. Attach-
rpents were noted on secondary roots and sometimes to the underside of horizon-
tally oriented leaves, but after a while they left these attachments and transferred to
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the main rovts after nuihercus sawing movements into the latter. A cross section
of a main root, seen in Fig. 31, indicates that the number of large air chambers is
limited, not being In a radiating pattern such as in the three previously considered
roots, hence the numerous sawing movements in order to enter a satisfactory
chamber for gaseous exchange. The epidermal and cortical layers are also densely
packed with cells. Opce attached, ihe larvae remain in the same position for many
hours. Note that the larvae are oriented in various directions, perhaps because the
rootlets or secondary roots form a random pattern. Note also that many of the
larvae are attached not far below an axil. The random positions may be due to
the fact that there are not many large air chambers, and the larvae dig in until they
have reached one. Fig. 30 shows the larvae hanging both upside down and right side

up‘
3. TRAPA BISPINOSA ROXBURGH ({FAMILY ONAGRACEAE).

This 18 a widely-spreading, Boating and partly submerged aquatic plant having
the toothed and somewhat triangular leaves forming a large rosette on the surface,
about 13-18 inches wide (Fig. 2 and 32). The petiole of each leaf has a bulbous,
spindie-shaped inflated portion which maintains the buoyancy of the leaves. The
stems are long and stoloniferous, geing down te a considerable depth, the exact
nature of the entire plant being shown in Fig. 83,  Arising from the stem are thick
masses of assimilatory fine roots and stouter, smoother other roots. The specimen
pictured in Fig. 33 was over 36 inches long.  Mansonic annulifera attached readily
to the main roots arising from the stem, Fig, M shows one leaf, a portion of the
stem, and a portion of the root mass, Note the brarched roots and the slender,
unbranched roots which arise at the nodes along with the branched roots.
Fig. 35 shows an enifarged portion of the root mass at the bottom of Fig. 34, Very
careful study of this figure will reveal at least 15 Jarvae hidden partially by rootlets.
A few larvae attached to the smooth, unbranched roots. Many farvae attempted to
penetrate the undersurface of the leaves, into the prominent leal veins, but the
epidermis was too impenetrable. No attachments were noted either on the stem or
on the air-biled expansions of the petioles.

5. LIMNOPHILA GRATIOLOIDES BR. (FAMILY
SCROPHULARIACEAE).

This is delicate, ecect, low herb with 3-8 finely divided or pinnatified leaves
artanged in a whorl at cach node.  The submerged, creeping stetm sends up simple
branches bearing the leaves. The latter have minute, transparent dots beneath.
Mansonia annulifera larvae attached at once to the larger roots, as shown in Fig. 36
at the upper left and the right. The latter attachments are shown in Fig. 37. Some
attachments to horizontal leaves were also noted at the surface of the water, indicat-
ed in Fig. 35, A few larvae attached directly to the underwater stem, as seen ia
centre of Fig. 35,  The larvae have the body oriented into various planes, and the
siphons are rather deeply embedded into the roots.
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7. MARSILEA QUADRIFOLIATA, LINN.,, A WATER FERN
(FAMILY MARSH.EACEAE).

Resembling a ataii\u.l four-leal clover, this aguatic herb has four sessile leaf-
fers which are § to ¢ inch long. the petioles being 3 to 8 inches in length. The
thizoine is either creeping or Hoating. The petioles of the leaves arise from the
appet side of each node, and the roots from the lower side.  The plantis eaten as
a vegetable and also has medicinal vses.  Attachment of Mansonia annulifera takes
olace very readily, the larvae remaining attached very tenaciously for many hours
in the same position and place. Fig. 48 shows the nature of the plant and the inter-
mingling of the roots and rootlets,  Fig. 32 shows the plant erect in a Pistia tank.
In Fig. 39 a number of Jarvae are seen to be attached to main roots.  The plants of
{his family have a sualked sporocarp, thereby closely resembling terrestrial leptospo-
rangiate ferns,

%, AZOLLA PINNATA R, Br., A WATER FERN (FANMILY
SALVINIACEAE)},

The lern-like pature of this plant is shown m Fig. 41, It is w small, freetloat-
ing, branched aquatic plant having fine, feathered roots. The frond is } to I inch
long, with many crowded bram‘hes The leaves are sessile, somewhat alternate and
slightly averlapping, about 3, inch in Jength, and are somewhat fleshy and convex,
with numerous tiny, rounded, Heshy protuberances above. The spongy tissue with-
in each leaf is green in colour due to minute chloroplasts; a blue-green colour is
also seen under the microscope because of the presence of a symbiotic, beadlike,
bive-green alga, Anabaena azolfve. Transparent scales are attached below the leaves.
Fig, 44 shows a leaf dissected so as to show the solt, cushiony portion in relation to
the scale.

Mansoma dannulifera sttaches immediately and frequently to the undersurface
of the leaves, remaining so attached for meny hours, No larvae were seen o be
attached to the very fine roots.  Since there 1s a symbiotic blue-green algs within
zach leaf, the alga carries on its process of photosynthesis which incresses the
axygen supply within the leaf, in addition to that formed from the chloroplasts.

In an earlier discussion, it was mude cleer that Mansenivides tends Lo attach
to Jeaves that (all or loat hosizontally on the surface of the water.  Whereas a leaf
attachment in Pistia or Eichhioraiu is rather secondary, in the case of Azolle pinnata
and Lemna miner such an attachment 1s of primary importance because these plants
Jo not have routs which are penetrable by reasen of their diameter in relation 0 the
Jiameter of the black up of the siphon. The exact nature of this attachment to the
blade of Azella is shown progressively in Fig. 42, 43, 45 and 46, Note that for the
most part Mansonia annulifera lurvae hang right side up while attached, just as a
normal celicine would hang from the susface film.  Sometimes the Dody s twisted,
however, and the head arched upwards, as in Fig, 4.

I some parts of the frond the imbticated leaves do not touch the water, but
a1t arched, instead, on the tup of the loating scales; in other portions of the plant
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the Heshy steny v on the swiiace and so are the leaves,  uth the stem and leaves
have.prominent papillae.  Due to the oxtreme softness «f the cushiony leaves, the
siphon often penetrates {or 4 to the cntire lenagth of the serrated plate (Fig. 46).
In some cases penetration takes piace through the finating scale and up into the leaf
shove, and in other cases directly into the leal or hlude. The attachment is so deep
that the larva may then be swung avound and around by manipulating the Azalla
frond with a needle, and it will remain actuched verv tenaciously despite this
whirling movement. Larvae have been noted 1o remain artached for 24-48 hours or
more to the same place without dropping off at all, provided sufficient food is avail-
able, as in natural tank water. Probably the reason for this strong attachment isthat
the wind could then easily blow the frond across the surface of the water, making
fnod available in different locations. There was not sufhcient time during the
oresent investigatinn to follow through the complete Life cycle on Asolla or Lemna,
nut it is hoped to see whether this is possible at some later date, There is obviously
sufficient air-containing tissue to provide for gaseous exchange for a long time,
coupled with the depth of the attachment and a long period of time during which
rhe larva {acd pupa ?) remains attached.

The close association of Azella Fronds, plus rapid reproduction, gives tise to a

very heavy mab of Azolla m many layers, often covering the surface of a tank

completely, as indicated in Fig. 40 and 42, Under the microscope it can be seen

that many organisms, incheding various types of adult and larv .zl insects and round-
worms, find shelter among such lavers of Azoila.

9 LEMNA MINOR LINN,, DUCKWEED (FAMILY LEMNACEAE).

Lemna miner 15 a smalil, foating, squatic herb having s frond about § inch
wide by § to }inchlong.  The green iloating bhlade is really the stem to which
1 single fine yootlet is utached. DBranches arise from a groove in the posterior
sortion of the blade, under the edge, and may remaip attached to the parent or
separate later on.  Thus two to five blades or more may be seen adhering together,
a8 in Fig. 47.  Air chambers within the blade can be seen under the microscope,
appearing as white dots in the photographs shown here. Crowded masses of Lemna
form a protective mat over the surface of the water, similar to that of Pistia,
Eichhornia, and Azella {Fig. 48).

Attachment of Mansonia ammudijera to Lemna in nature was found fn
Palluruthy, Kerala. The larva not only attaches veadily, inserting the tip of the
siphon from one-half to almost fis full length, usually near the origin of the rootlet
‘Fig. 48 and H1}, but as in Azolld, remamns attached to the same frond for many
hours and also for days, in the exact same position with mouth brushes whirling
continunously.  Fig. 49 and 30 show the attachments in greater detail. In Fig. 48 at
teast 6 Mansonia annulifera larvae can be made out In perspective view, having been
photographed from below. Fig. 51 shows three foreshortened attachments, with the
respective siphons deeply embedded in just about identical distances from the fine
rootlet. The act of attaching is performed with only one to three sawing or jabbing
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movements, because of the softness of the tissue.  Very often two and sometimes
three larvae will attach to a single blade, as seen in Fig. 49 and 50. As in Azolla
the larva may hang in the normal culicine fashion, or else twist the body so that the
head is upside down. In one case B larvae were seen attached to a single leaf, but
they dispersed before they could be photographed.
i, NYMPHAEA SPECIES, WATER LILY OR LOTUS
{(FAMILY NYMPHAEACEAE).

The species of Nvymphaea collected and observed was either N. iotus or
N. rubra, but no Bower was seen so the exact species could not be determined. This
is a perennial water plant rooted in the mud. The leaves are borne on long petioles,
the margins being sharply sinuately toothed. They are smooth and shining sbhove
and downy underneath. Of 200 Mansonia annulifera fourth-instar larvae introduc-
2d into a large jar containing the complete plant, only three attached o the roots
but did not remain long, and none attached 1¢ the petiole; however, 26 attached
themselves to the edge of the large, floating leaf, inserting the siphon laterally into
the very edge, penetrating probably into the spongy parenchyma of the leaf which
contains air spaces, No attachments were made from below. The leaf was torn
into smaller pieces, and then 75 larvae were noted to attach into the edge. Fig. 53
shows this type of attachment in the case of a Nelumba nucifera leaf. Since thelarvae
remained so attached for many hours, it appears as if they are getting sufficient
oxygen in this way. A cross section of a Nymphaea root, as seen in Fig. 54, shows
considerable air-containing tissue internally, but the epidermis and cortex are much
00 tough for the larva to effect easy penetration,

1. NELUMBQ NUCIFERA, GAERTN,, INDIAN L.OTUS, SACRED

LOTUS (FAMILY NYMPHAEACEAE).

As in Nymphaea the roots and rhizome are embedded in the mud, and
long petioles bear large, almost round leaves which are slightly flattened at the
poles and may be one to three feet in diameter, Unlike with Nymphaea, several
attachments were made from below by Mansonia annulifera larvae, but the majority
nf them attached directly into the edge of the leaf, as shown in Fig. 63. Also,
when the leaf was cut into smaller pieces, many more attachments were made
mio the edge. This type of attachment is indeed an unusual one, but the larvae
apparently spare no effort to find air-conducting tissue from which they can take
up oxygen and Into which they can excrete carbon dioxide, apparently not being
able to respire normally just by the hanging from the surface flm. In order to
make sure that the siphons were actually inserted into the tissue of the leaf, and
not merely resting against the edge of the leaf, the latter was depressed and pushed
under the water with a needle; the larvae were depressed beneath the surface along
with the Jeaf. Microscope study revealed the actual insertion of the serrated edge
into the plant tissue for § to § itslength.

12, COLOCASIA ANTIQUORUM SCHOTT (FAMILY ARACEAE),

Colocasia antiquorum is a tall, coarse herb with a tuberous rbizome from which
spring rather wide main roots § inch in diameter or wider, and finer rootlets, The
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heart-shaped or arrowhead-shaped leaves are at the end of long, stout peduncles.
Some two hundred Mansonia annulifera larvae were introduced with the plant, but
there were only three temporary attachments to roots, and none at all to the leaves.
Although many attempts were made to penetrate the roots. they were almost all
unsuccessful, indicating too thick an epidermis and cortex. Attachments from below
and into the edge of the leaf were also unsuccessful for the same reason. This
plant is therefore of no importance in a consideration of host plants to which
Mansonioides larvae and pupae attach, based on present observations with Mansonia
anmdifera.

SUMMARY.

The atsachment of Mansonindes larvae to 12 species of plants growing in tanks
or ponds in Kerala was studied in detail. Mansonia annulifera larvae attached
readily to roots of Pistia stratiotes, Eichhornia speciosa, Bacopa monnieri, Commelina
salicifolia, Trapa bispinosa, Marsilea quadrifoliata, and Limnophila gratioloides.
Considerable attachment to horizontal leaves at the surface of the water was noted
in Pistia stratiotes, Azolla pinnata, Lemna nunor, Limnophila gratioleides, Nelumbo
nucifera, and Nymphaea species. Practically no attachment occurred in Colocasia
anbiquorum. Mansonia uniformis was found attached to water hyacinth in large
numbers in pature, and comparative studies revealed that Mansonia annulifera and
Mansonia uniformis attached with equal ease to both Pistia and Eichhornia, with
wnifoymis being much more tenacicus. Attachment of larvae took place wherever
the plant tissue was easily penetrable and contained air chambers for effecting
gaseous exchange involved in respiration and excretion, the actual act of attachment
being an instinctive type of behaviour.  Fifty-four photographs iflustrate host plants
and the attachment habits of Mansenia annulifera and Mansonia uniformis larvae.
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FILARIASIS IN KERALA STATE.
Part V.

FILARIA SURVEY OF EDAPALLY PANCHAYAT
{(ERNAKULAM DISTRICT).

By
C. P. NAIR,
K, 5. KRISHNAN
AND
R. G. ROY,
{Malaria Institute of India, Dell).

{January 2, 1959,]

EpararLy, recorded as 3 highly filarious area in the erstwhile Travancore State
{Tyengar, 1938), borders'the town of Ernakulam and lies to its north. It is an exten-
sive rural tract stretching over an area of 32 square miles with a population of 12,393
(1951 census}. [t is traversed by several channels extending from the back waters
on the western side.

The soil in most parts is sandy and the level of subsoil water is high. Annual
rainfall is between 105 and 110 inches and the temperature during a greater part of
the year remains between T0°F and 90°F. The humidity is high throughout the
year.

The houses are scattered, each house having a compound and one or two
ponds overgrown with pistia plants. The people depend mainly on the ponds for
the domestic water. Most of the houses are made of plaited cocoanut leaves. There
is practically no planned drainage; the porous sandy soil helps absorption of
the domestic waste water. The Panchayat has been divided into six wards for
administrative convenience {Map 1).

HISTORY :OF FILARIASIS AND PREVIOUS SURVEYS.

The entire coastal strip of Kerala is notorious for its filarial endemicity.
Edapally Panchayat, with its topographical conditions ideally suited for W. malayi
endemicity, was surveyed by Iyengar (1938 loc. cit.). He recorded a microfilaria
rate of 15-7 per cent and a disease rate of 11-04 per cent among the residents, the
infection prevalent being exclusively W. malayi. He also observed that presence
of Pistia stratiotes and the local practices associated with the coir industry, like
soaking of cocoanut husk in the ponde, were responsible for the prevalence of the
vector. These practices still continue.

(117)
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PRESENT SURVEY,
Edapaily was surveyed by a team from the Malaria Instituie of India during
January-February, 1957 with a view to find out if there had been any change in the
prevalence of (his disease in the course of last two decades since Iyengar (1938 loc.

cit.} surveyed it. The area covered during the present survey corresponded
to the locality referred to as “Edapatly North” by Iyengar (1938 log. cit.).

Random representative samples from ail the six wards of the Panchayat,
covering all age-groups and both sexes, were examined. The examination was
made between 830 and 1130 p.m. by a house-to-house visit. About 20 c.mm. of
blood from each person from a pricked finger was made into a thick smear and
examined, after staining, the next day. The disease manifestations (history of
filarial fever, lymphangitis, lymphadenitis, chyluria and elephantoid swelling of the
different parts of the body) in these persons were also recorded at the same time.
(ases of filarial fever, lymphangitis or lymphadenitis were, however, not taken into
consideration for working out the disease rate,

Entomological survey was conducted during the morning hours by collecting
adult mosquitoes from houses in the different wards and dissecting all females.
Many water collections were examined for detecting the breeding places of vector
mosquitoes.

SURVEY FINDINGS.

(1) Microfilavia rate.~0631 persons (51 per cent of the total population) were
examined during the present survey. The details of the observations are given in
Tables I to I1I.  The microfilaria rate ranged from 58 per cent to 23:2 per cent
in the different wards of the Panchayat. The average for the whole community was
11-7 per cent {Table I}. W. malayi infection was found in all positive cases except
in one case which showed W. bancrefii.

TanrLe L
Microflarie, disedse und endemicity rates by wards.
: . ! e s wnitlhi I
: P . rsons withi Percenlage
Ward | Total Number] Number | Percentege | gisease | ich discave|Endemi. | /2verage
number.| POPUI jEXATAY L i WD | mahifesta- | manifesta. [city rate, ‘Digstation
i tion. | ed. toicrofilaria.l microflaria, tion. | tion ‘per 20 ¢,mim.
IS SR NN e —— L | —— T
10 1818 0 130 23 | 1 JF 8 6 246 | 1840
I orz06 0 172 1 1o 8 104 208 1 53
1 G 9886 | 43 ' 6 13.3 221 | 9m.3
vV .. b 43 U § 3 9 EL SR T ¥
Vo Buos T 123 TR 9.7 20 163 259 1 110
VI | 4,083 0 118 7T 59 1 T God 143 ;188
P s [ e tm e PRI VUV S
Total | 12393 | 631 | 24 17 | 66 | 19 2207 127

Infection in the different age-groups for the two sexes is indicated in Table I1.
The overall infection rate for males was 13-5 per cent and for females 10-0 per cent.
Infection in children up to 5 years was definitely lower than that recorded in other



in Kerala Staté.

Yiasis

Fila

RHROIN = JIN

3 83 001 | 08 | 688} Il 86 ¢8I | ¥F ; z88| weor 29 eerr v | o1ge! Tesof,
i T, - . RN o0 S SOUPUNS S,
o m .
€8 I 6 o | ¥ i 1 ¢ | er 8 3% | 488 ] 3 18 | guasoqy
eal ) 80T | # i8] §T5 | L L B % Gg | ST [ 4T L 8% 09—i¥
g8l . ¢ i P 5 sp | o1 ! 51 | 0T | gL | ¥pI A1 at | osIr, oF~1¢
. ] . !
A S g1 | o sz | TEL I CI Lo LB g1 ! - 61 | e 0512
e i € s 1 ¢ | e | 9% 5 (2 S | G YA - e s oot et es—Ir
0 ) gt |7 Jog | o i 0 st e | e 0 o | wart 1 | oee R S
o 0 &9 1 a1 6 | 0 0 0 8 @ 0 _" TF 1 ¥g | sl ¢ oydny
“ —_ — S — e nl1111| ———— - et b - . [ —
SRS N oY - -~ > - 5
s oz § 18 7 oz T EIEl F oz €13
- - " = o ad | ak % m. T 2 aE s z
= =g = I3 8 = b = Y - ml.u *3 | 2= W- =
22 | BE 1 R§ i - | o | %5 | B B85 | T st E%z 1 FT "8 T g
5% |23 | R ooz ) B )B4 | RS TR | 2| ¥ ogs | 85 | =2 £ %
L P . = g n M b &g < g 1 é m pg | BE 21 3 -dnois asy
£ 5 = = 5 = & =S =z 5 =. g * = 5
= : - ™ & _ : = . 8 4 _ = £
T STTIVIVLY L SATYINY ! + SAXIS HIOY
} i

190

*xa§ pup 28 £g §2104 28PTP PUv CUDPOLONN

I} #78vY

(v



€. P. Nair, K. S. Krishnan and R. G. Roy. 121

age-groups. There is a general tendency for the infection rate to rise gradually up
to the age of 20 or 30 in both the sexes. Afterwards, it remains more or less
fuctuating. This is in accordance with the observations recorded earlier by
lyengar (1938 loc. cit.). The youngest age showing microfilaria was in a girl of five-
years cld.

Average microfilarial infestation per 20 c.mm. of blood for both sexes of the
different age-groups is recorded in Table III. Average infestation in the whole com-
munity was 127, There is more or less a general tendency for the infestation to rise
gradually from the lower age-group to higher age-group up to 31-40 years, follow-
ing which a fall is observed. Highest count recorded was 74 in a male aged 31 years.

TanLe IIL.

Average infestation by age-group dnd sex.

i BoTy sEXES : Maves FrmaLes :
Age group. ; Number Average Number | Average © Number Average" .
t o with Mf. infestation. with Mf. snfestation, ¢ with Mf, infestation.
‘Up ;05 yedrs 1 1 6 0 1 -1
8—1I0 i T £ 3 68 4 6
11—20 i M I8 17 81 ] T2
ST 19 143 9 2.4 10 8.3
i
31—40 12 27.1 10 31.6 2 3
1) ] 9 132 3 146 1 8.3
Above 50 { 12 7.7 8 9.8 4 35
R Y 127 7O I T

(2} Filarial disease.— 10-4 per cent of the people examined had disease
manifestations in the form of swelling of the lower or upper extremity or both. A
{ew cases of hydrocele were also recorded; these persons had swelling of the legs in
additior.

The incidence of the disease in the different age-groups is presented in Table
11. No disease manifestation was recorded below the age of 10, There was a
progressive rise in the disease rate in the higher age-groups. The youngest age at
which swelling of the leg was observed was in a gitl of 12 years. Classification of.
the elephantoid condition, according to the parts affected, is given in Table IV
helow.

TasLe IV,
Classifeation of the elephantoid condition according to the parts affected
i Numses : f
Parls atfected. jmmn— . . Fotal.
. |  Unilateral. |  Bilateral.

Leg 38 3 13 : s
Hand 5 3 8
Both exiremities ... ! .. 7

Hydrocele . . 2
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No person with disease manifestation was found to harbour microflaria
among those examined in the present survey.
{3) Endemicity.—The filarial endemicity was 22-1 per cent for the whole area.
The rate for the different wards varied frcm 14-3 to 30°1 per cent (Table I).
(4) Vecior.— 2563 adult mosquitoes were collected from the different wards
of the Panchayat, The following species were recorded :
L M. annulifera
2. O, gelidus
3. C. lutzia
4. C. sitiens
5. C. vishnui
6. A. subpictus
7. Armegeres obturbans.

205 of these mosquitoes, representing all the species, were dissected but
developing stages of filarial infection were found only in M, annulifera. Qut of 31
females of this species dissected, 4 (129 per cent) showed flarial infection. Two
mosquitoes showed second-stage larvae, one mosquito showed third-stage and one
showed fourth-stage larvae. The infectivity rate thus worked out to 3-2.

M. annulifera appears to be the only vector in the area.
Breeding of Mansonioides sp. was noted in ponds with Pistia stratiotes with
organic poliution.

DISCUSSION,

Edapally lies adjacent to Erpakulam Municipality. The latter plice was
surveyed by Jaswant Singh et al. (1956) who concluded that the infection in the
thickly populated central part of the town was purely W. bancrofti, whereas in the
ottskirts either W. malayi or mixed infections of W. malayi and W. bancrofti were
prevalent. The present survey indicates that in the rural areas, immediately
bordering this town, the infection is purely W. malayi. One case of W. bancrofti
infection as also two cases of filarial scrotum, a lesion generally associated with
bancraftian filariasis, were also recorded during the survey. All these three persons
on enquity, gave a history of having lived in Ernakulam for a long time.

A comparative statement of the findings recorded by Iyengar (1038 loc. cit.}
and those recorded during the present survey is given in Table V.

Tasre V.
Filariasis survey data—-Edapally Panchayat.

crofilaria rate | Disease rate

T aas
Year, gNumber examined-i Mi per cent. | per cent. Reference.
yoae [ 471 15-7 11.04 Tyengar (1938)
1967 631 : 115 104 : Present survey.
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The results of the present survey indicate that the :ncidence of filariasis in the
ares has not altered to any marked degree during the past 25 years. The disease
rate has remained almost the same; though a slight fall (not statistically significant)
was recorded in the microfilaria rate. No control measures have been in force
during these vears.

SUMMARY.

1. Edapaily Panchayat, with a population of 12,393 was surveyed during
Januvary-February, 1857, 63} persons were examined.

2. The microflarial, filarial disease and endemicity rates for the area were
11-7, 10-4, and 22-1 per cent respectively. The average iofestation was 127 per
positive smear of 20 c.mm. of blood.

3. W. malayi was the predominent species of infection in the area.

4. The vector incriminated was M. annulifera with an infection rate of 12-9
per cent and an infectivity rate of 3-2 per cent.
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DEVELOPMENT OF INCREASED TOLERANCE TO D.D.T.
IN A. CULICIFACIES GILES IN THE PANCH MAHAL
DISTRICT OF BOMBAY STATE (INDIA).

BY
1. RAHMAN,
M. 1L, RQY
AND
KULDIP 3INGH.

(Regional Coovdinating Organisaiion of the Malaria Instuute of India,
Bombay-Rajasthan Region, Baroda.}

fSeptember 30, 19549,

Durine ihe course of malaria survey of different areas of the Bombay and
Rajasthan States, an increased preponderance of A. culicifacies was noticed in the
vitlages of Khunpeer and Sindbhai Mehta of the Taluka Halol of the district of
Panch Mahal in Bombay State. The villages are situsted within one mile from
sach nther. This area was under continuous indoor residual spraying of D.ID.T.
since the year 1950, It had received three rounds of spraying with a dosage of 56 mg,
per square foot every year for the first three years which was followed by two
rounds of spryaing each year with a dosage of 112 mg. per square foot excepting
for the years 1936 and 1957 when only one round of spray was given with a dosage
of 112 mg. per square foot. The first round of spraying for the year 1959 was
carried out in these villages on July 10, 1959, The attention of the team was special-
lv drawn to this area due to the fact that, even after ten years of indoor residual
spraying, low grade transmission of malaria was still going on, as revealed by the
infant parasite survey. The sudden increase in the density of A, culicifacies after
the recent heavy rain-fali made it imperative to determine its susceptibility status,

Two experiments, sach consisting of four tests, were therefore carried out in
rhis area according to the World Health Organization lechnique during the peried
from Septemher 19 to 26, 1958, The mosquitoes were collected in the morning hours
by the aspirators from cattlesheds of typical rural mixed dwellings. Selective type of
collection was made in which only freshly-fed adult female A. culicifacies were
chosen. The average man-hour density was 180, The actual experiments were
carried out in a room of the Taluka Dispensary, Halol, about two miles away from .
the place of mosauito collections. The impregnated paper of the World Health
Organization Kit, used for the experimenss, were valid ap to February 15, 1961. The
temperature of the room, where the experiments were performed, varied between
76°F., and 94°F., and the relative humidity was between B7 and 91 per cent. The
results of these two experiments are given in Tables I and 1L

125}
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Tasee L
Result of Experiment I—Village Sindbhai Metha (from September 19 to 23, 1959),

R i 1 3
NI, Test?: Tmsr 2: ! Tesr3: TEST 4: (mmn TOTAL !
e S VI U U ___\__‘_,_._.._._,_ e T . 1 J’en ent-
CORC ! i g
tration | 4 3y Total.| A. D. Total | A. D. Total AL D i)
{])er u.nt} . D. Total.] A. ). Total. | . D Total.| A. D. Tntai.i A, D Towal s mortality.
o5 s g 20l o3 g0 i18 2 e l1m o2 20 ‘13 7 se o s
4y i% 2 24} 168 4 {LI L | o1 LY H 20 -2 ] Ke H)
2ei) 3 i a6 9 14 28 f T 13 26 B 7 20 43 37 80 . 46.3
46 7 ¥ 20 3 17 20 1 5 13 20 ] 4 16 2n 1 6E RO TR
Comrol 1120 0 20 /19 }F 20 120 6 20 J18 2 20 77 3 &0 P
{oif alon le i : :
A. = Number alive D, = Number dead,

Taver [,

Result of experiment H— Village Khunpeer {from September 24 to 26, 1951,

: .
Tesr1: - st2: | Tesr3:
opx | Terl. o Tewe: b oTerss o Terd: GuewToned g
LORCeT- - i i 1 ageof

i;ﬁ‘;‘ifc_"r;r) A, D. Tr;'tal.'; A. D. Total. ' A. D. Tota(! A, D. Totall A D. Tmilmortai!ty.

1

(i 18 1 19 118 2 20 .20 0 20 1% 2 20 ;74 5 78 | 63

3ed) B8 07 20 113 7 s 1o 3 13 19 1 20 .43 18 93 | 249

) iz 2 )4 6 20 171 0 21 || Hr 1 20 43 38 Bl i 169

§a0) 515 %0, 1 18 1% ¢ 6 4 20 [ 313 I |17 &0 77| 574
Convwrol: I8 1 s 119 1 00 21 0 21 L8 o 20 (792 B0 ¢ Tali
foif alone} ! : . i i

A- = Number ahve 3. = Number dead.

The results, as plotted out 10 the loganithmic probability paper, for the
experiments I and IT showed approximately the LGy, at 2.2 per cent and 205 per
sent respectively (Charts 1 and 2).

1t is significant that the experiments on susceptibility status of A. culreifacies
which were carried out independenily by Dr. A M. Shalaby, Entomologist, World
Health Organization. A T.M.E. No. 2 at village Motipura of Taluka Buriz of the
sume district at a distance of about 30 miles from the place of these experiments,
showed more or less similar results.

I+, therefore, shows that LCs, has at least increased 3 to 1 times during the
last three years than that previously reported by other workers as summarnsed in
Table I11.  This increased LG, indicates that tolerant strain might be gradually
Huilding ap.
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TanLe 11},

LCsq of adult female A. culicifacies in respect of B.D.T. as deteymined by other
workers during the years 1956 to 1958,

Year of i

c\:penment. : Place, f Name of workers. . LG ol D.DTS
I‘l :[‘ (a) Bombay State. | Ramachandra Rao and Bhatia. '\ 03~ 06 Per cent
. tb) Revti, Bombay 3tatc. ! Ramachandra Rao and Bhatia. @ 41 Per cent
t :
1457 - {a} Arthala, Utter Pradesh. | Sharma et af. LI E Per cent
(b} Kailashpuri, Rajasthan. | Sharma et al. P19 Percent
Sep. 1057 Mandya {hysore}. Sundar Rao. Sitaraman and | .23 Percent
: . Rama Ran. !
: ] :
O-.t iﬂab - I’ol.g,aon {Bombay State} 1 l’arel et aL © 84 Percent

Tt is of interest to note that the tests pertormed on the susceptibzilty status of
A. culicifacies to dieldrin in the village Khunpeer gave LCqy of 0-09 per cent where-
as in the Thana District of Bombay State it was reported to be over 3+6 por cent in
1958 (Patel et al., 1959). A. culicifacies in the former area, therefore, though tolerant
1o D.D.T., was susceptible to dieldrin. {Table IV and Chart HI}.

TasLe IV,
Village Khunpeer (September 12 o 17, 1959).

Dieldrient l TEST P '! Tesr 2: | Test3: '-: Tesv d: ('RANB Tm AL s - Perceni-
concen- 1+ T e, e R |'_”"__“_"' ! age of
tration 1A, D, Total. | A . Total. A b, Tala] A, D. Totai - . Total, mrarta[ity.
;per zent). |
005 M6 4 20 li 18 & 20 17 3 20 % 0 20 gma 1 I 1.8
il vy 9 20 : 6 K4 20 0 7 1% 20 2 7 13 206 31 40 f;o i 61.3
ez L2 18 20 ) 190 20 0} 18 20 0 1 0% 20 ! 5 73 %0 493.8
Mg 119 2000 2 200° @ 20 2 ;0 20 20 ] 70 B0 ! 488
Controd: (19 1 20 120 0 2 19 1 20 P30 0 w0 ‘78 2 80 1 2.5
{oit alone) !} P !
- = Number alive D. = Number dead.

As this species of mosquito is a major vector of India, the evidence of its
increased tolerance to VDT, is an alert signal for all areas which are under its
influence. In view of the fact that the country has entered into the second year of
the attack phase of the National Malaria Eradication Programme, the urgency and
importance of carrying out larger number of susceptibility tests all over the country
cannot be overemphasised.
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STUDIES ON PARTICLE SIZE DISTRIBUTION IN
RELATION TO DISPERSIBILITY.

Part 11

75 PER CENT DIELDRIN WATER DISPERSIBLE POWDERS
AND GENERAL CHARACTERISTICS OF INSECTICIDE
WATER DISPERSIBLE POWDERS,

BY
H. L. BAMI]
AND
M. 3. DHATT.
{Malaria Institute of India, Delhi.)
Janery 31, 1959.1

SramiLity of aqueous suspensions, prepared from insecticide water dispersible
powders, is mainly governed by the size of the particles constituting the powder,
quality and quantity of wetting and dispersing agents used and electro-kinetic state
of the aqueous suspension. Size of the powder particles is, however, considered the
most important. Bami and Cheema (1957} studied the particle size distribution of
D.D.T. and clay constituents of several commercial samples of 50 per cent D.DT.
water dispersible powder with varying suspensibility values (World Health Organi-
zation, 1058). Particle size distribution of D.ID.T. and clay {inert diluents) in these
cagses was determined, both before and after subjecting the matenial to accelerated
tropical storage (World Health Organization, 1956) by sedimentation method as
adopted by Thomas (1886}, Particle size distribution of pure clay, as separated
from the formulation, was also determined separatelv. Further extension of the
above work by Bami, Cheema and Dhatt (19:8) led to the study of 75 per cent
D.D.T.. 50 per cent B.H.C. and 50 per cent dieldrin water dispersible powders. In
the present paper, studies on composition, physical properties and particle size
distribution of 2 commercial formulation of 73 per cent dieldrin water dispersible
powder have been reported.  Based upon the data obtaived so far in the case of
above type of insecticide water dispersible pawders, certain relationships between
suspensibility, as determined by the World Health Organization specification
method (1956) and particle size distribution of the insecticide constituent, have
been established and their significance discussed.

75 PER CENT DIELDRIN WATER DISPERSIBLE POWDER.

A commercial sample of 75 per cent dieldrin water dispersible powder was
analysed for its composition and physical propertics. especially suspensibility
(Table I). Data on particle size distribution of dieldrin and inert clay constituents

(131)
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have been presented in Graph ! in a manner adopted previously (Bami, Cheema
and Dhatt, 1958). Composition of 75 per cent dieldrin water dispersible powder,
was found to be similar to that of 75 per cent D.D.T, water dispersible powder with
the added advantage that suspensibility values were above 90 per cent in the former
case. Particle size distribution of dieldrin also revealed that nearly 90 per cent by
weight of the dieldrin content was below 10 microns particle size. This observation
confirmed the previous findings that suspensibility value could directly represent
percentage weight of the insecticide below 10 microns particle size, From Graph 1,
it was also evident that fineness to which dieldrin was ground, almost approached
that of the clay {Inert carrier). Apparently, high suspensibility value in this case
had been mainly achieved by means of exiremely fine micronisation of dieldrin.
Accelerated tropical storage treatment {World Health Organization, 1956} also did
not change the particle size distribution picture (Graph 1) as supported by absence
of any change in suspensibility values { Table I).

Tanre I.

Analysis of 75 per cent dieldrin water dispersible powder.
]

. i
Serial - ) :
number. ; Property tested. : Results.
I ; Composition (per cent}
! {a} Dieldrin content 74.8
(b} Clay (inert carrier content} s 150

(¢} Wetting and dispersing agenis
{including other water soluble ingredients l

like stabilizers} e | 10.0
3 . Physical Properiies ;

i {a) pH Neutral
{b) Suspensibility {per cent} 1.1
(¢} Suspensibility after accelerated tropical

. storage {per cent) 806

: (d) Sieve analysis after tropical storage

: {per cent retained on 74 micron sieve) ... 00

INSECTICIDE WATER DISPERSIBLE POWDERS,

A jarge number of different commercial samples of D.D.T., B.H.C., dieldrin
and dieldrin-resin water dispersible powder, have been analysed for their suspensi-
bility and particle size distribution of their active and inert ingredients both before
and after accelerated tropical storage. In order to draw a broad correlation between
suspensibility {World Health Organization, 1956) and size of the insecticide particles
constituting a powder, all the available data, (Bami, et al., 1957 ; 1958) has been
plotted in Graph 2. In this graph, percentage weight of the insecticide of particie
sizes below 10, 20 and 40 microns have been separately plotted against suspensibility
value of each of the formulations. Within limits of analytical methods used,
{iraph 2 would indicate the particle size distribution picture of any insecticide
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Grarn b
73 per cent dicidrin water disparaible peteder,
1. Dieldrin in the formulation.
2, Clay in the formulation.
3. 1ieldrin after sccelerated tropical storage,
4. Clay after accelerated tropical storage.

b tF

s

Per cent weight under size dt.

i
' i 3 4 2 & T FP 0 20 30 «0  Sp 80 170 BoR0 mo

Equivalent sloecks’ diameter i in  microns.

which has been formulated into a water dispersible powder ot a given suspensibility.
Some of the broad observations, which have been based on the available data
presented in this paper (Graphs ) and 2) and the previous communications (Bami,
1957 ; 1958 ; Bami and Cheema, 1957 ; Bami, Cheema and Dhatt, 1058), are
summarised below

{a) Except in case of dieldrin water dispersible powder, constituents of
D.D.T. and B.H.C. powders were generally found to be coarser than their clay
{carrier) components. Dieldrin alone appeared to be ground to a fineness approach-
ing that of the inert carrier itself. If suspensibility values {both before and after
tropical storage treatment} of these powders were compared with percentage weight
of the insecticide in the formulation below 10 microns particle size, they were found
to be nearly equal, This meant a linear relationship (within the limits of accuracy
of the analytical methods used) between suspensibility and percentage weight of the
insecticide below 10 microns particle size. Percentage weight of the insecticide
below 20 and 40 microns particle size in the case of a standard water dispersible
powder (suspensibility above 30 per cent} would be usually more than 75 and
83 per cent respectively (Graph 2). Obviously, as there was a limit to which the
dispersing agents alone could increase the suspension stability, their functions have
been conveniently and economically replaced by ultra fine grinding of the active
ingredient along with highly adsorbent inert carriers {Graph I).



134 Particle Size Distribution in Relation to Dispersibility.

Grarn 2.

Relationship between suspensibility und size of insecticide particles in case of
D.D.T., B.H.C. and dieldrin water dispersible powders.

red
L LBy
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1w
40 4

ELOE

30 -

287

Percentage weight of the insecticide below-rnictons particte size.

a3 Y 20 30 ve so P T ) oo ro0
Suspensibility in percentage (W.HL.O. specification, 1936}

i) Bffect of tropical storage on the particle size distribution of insecticide
constituent of products conforming to the Indian Standards Institution and the World
Health Organization specifications, was also usually very small. In other words,
i order to meet the specifications, the products should not only have a high initial
suspensibility but also a limited tendency to agglomerate (increase in particle size of
clay and insecticide constituent) which was otherwise a major cause of loss of suspensi-
bility. In case of products below the World Health Organization specifications on
suspensibility, the insecticide particles had not only been coarse initiaily but there
was also an excessive agglomeration of these particles on tropical storage pre-treat-
sment, resulting in considerable loss of suspensibility,. However, general relation-
ship between suspensibility and percentage weight of insecticide below 10 microns
particle size was maintained even in these cases.

(¢} Particle size distribution of pure clay (inert carrier, bulking material etc.,
4s separated from the formulation} in 2ll cases, indicated that 100 per cent of this
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constituent had a particle size of below 40 microns, while nearly 39 per cent of it
was bzlow 10 microns, The carrier used in the case of 75 per cent dieldrin water
dispersible powder (Graph 1}, was found to be even finer than those used in other
insecticide formulations.

{d) Particle size distribution of clay in the formulation, indicated it to be
siightly coarser when compared to that of the same clay separated from the formula-
fton. This was due to some adsorption and agglomeration of the insecticide
constituent with clay particles during grinding. Tropical storage treatment (World
Heaith Organization, 1956) of the formulations, however, resulted in slight o no
increase in the size of clay particles. This could be correlated with limited loss
of suspensibility displayed by these formulations when treated similarly. Use of
fine and highly adsorbent carrier with low bulk density have generally offered
products which have very Jimited tendency for agglomeration of fine particles with
consequent little Joss of suspensibility.

{¢) In the present investigations, wetting and dJispersing agents, stabilizers
and other water soluble materials have been estimated together and amounted to
nearly 10 per cent in most cases. No attempt was made to qualitatively comparé
these products in different formulations. However, next to fine particle size of the
clay and insecticide constituents, the quality and quantity of these chemicals was
very important for initial dispersion of the powder in the agueous phase and sub-
sequent stability of the suspension. Loss of suspensibility on accelerated tropical
storage, if any, was mostly due to agglomeration of powder particies. However,
loss of suspensibility of a product on long term actual tropical storage could not be
explained on the basis of increase of particle size of the powder alone and was at
least partly due to deterioration of the dispersing agents.

{f} Products meeting the World Health Organizativn specifications (1956}
on suspensibility, were generaily necutral or well within the indicated limits of
atkalinity and acidity. There has hardly ever been a case where a product was
unacceptable on this ground only.

DISCUSSION.

For efhcient use of insecticide water dispersible powders, it was essential that
these materials should offer a stable aqueous suspension and the material should
also be fine enough not to clog the sprayving equipments. These two requisites have
been adequately met in the case of powders which come up to specifications of the
World Health Organization or of the Indian Standards Ianstitution for different
insecticide water dispersible powders. However, the present overall studies on
physical characteristics of different insecticide water dispersible powders obtained
from various commercial sources have made it clear that for stendard products,
particle size distribution picture was nearly indetical.  Quality and quantity of the
wetting and dispersing agent used, though important, was only second to the extent
o which the constituents bad been ground.



136 Particle Size Distribution in Relation to Dispcrsibiiit ¥

From the present data, it was quite evident that high quality water dizpersible
powders would mean insecticide particles of extremely low micron size. This has to
be viewed from the background of sorption of fine insecticide particles on adsorbent
mud surfaces. Studies on loss of insecticide through sorption on mud-surfaces
have already shown {Hadaway and Barlow, 1952a, 1952b; Sharma, et al., 1957}
that the finer the size of the insecticide particles, the higher the loss on active mud
surfaces, In fact, particles below 10 microns size were very extensively and rapidly
lost on mud surfaces while similar loss was also quite appreciable even up to
particles of 20 microns size. On the other hand, it has been also proved that nearly
30 per cent of the insecticide in a standard water dispersible powder (50 per cent
suspensibility) would have a particle size of less than 10 microns and these particles
would be prone to excessive loss under these circumstances. Evidently, to meet
the minimum standard for suspension stability, a certain degree of micronisation
of insecticides was unavoidable. However, suspensibility values much above the
minitnum standard of 50 per cent, which could only be achieved at the expense of
reducing the particie size still further (up to %0 petr cent being below 10 microns
varticle size), were not wholly desirable especially in view of the greater risk of loss
of such fine particle through sorption. In fact, the present minimum requirement of
50 per cent suspensibility (Indian Standards Institution, 1955 ; World Health
rganization, 1956) was a good compromise in these 1wo respects.

SUMMARY.

Particle size distribution of dieldrin and clay constituents of 75 per cent
dieldrin water dispersible powder was determined by sedimentation methed.
Corresponding to a suspensibility of 90 per cent, nearly 90 per cent of the dieldrin
content by weight was found to be below 10 microns particle size.

Based upon previous and present observations, general characteristics of
different commercial D.D.T., B.H.C. and dieldrin water dispersible powders have
been outlined. Particle size distribution of the active toxicant had a direct relation-
ship with suspensibility, and high degree of suspension stability in these cases was
mainly achieved through excessive grindings of the insecticides.
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THE MINIMUM DURATION OF PATENT PRIMARY

PARASITAEMIA IN ALBINO RATS FOR THE

DEVELOPMENT OF IMMUNITY TO RESIST RE-
INFECTION.
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June 30, 195%.)

A rortion of adult rats infected with P. berghel succumb to the infection
during the course of primary patent parasitaemia. The remainder that survive the
primary episode, develop a latent infection which lasts for varying periods during
which they are immune to homologous superinfection {Ramakrishnan, Satya Prakash
and Krishnaswami, 1851). The obiect of the study presented in this paper was to
determine the minimum period of patent primary parasitacmia necessary for the
animal to become irmmune against homologous re-infection.

MATERIAL AND METHODS.

The albino rats used in the investigation were wdults from the colonyf
maintained at the Malana [nstitute of India, Delhi. In the majority of the
series, the two sexes were equally represented. A total of 124 animals were used
for the study. A minimum of 8 and 2 maximum of 20 znimals were inoculated
each time to determine the minimum duration of primary parasitaemia which can
confer suffictent immunity after terminating the infection to resist the challenge
inoculation.

The method and dose {one million) of inoculation, daily examination of blood
smeats {rom the animals, staining technique and enumeration of parasites were
the same as described by Ramakrishnan and Satya Prakash (1950).

*#The strain of P. berghei used in the experiment is being mainiained in rats at the Institute
since 1942 and was originally obtained from London through the courtesy of Brig. L.8.XK. Boyd of
the Burroughs Welicome Laboratories.

$This paper forms part of a thesis for the doctorate degree of the Punjab University,

tThe colony diet consists of 5

Whole wheat fiour - T3 parts.
Skimmed milk powder - 23 parts.
Brewers yeast dry 3 parts.
Calcium carkonate ! part.
Common salt ! part.

{137)
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There were certain departures from routine methods that were considered
necessary for the study. In order to test the response to re-inoculation, it was
necessary to terminate the primary parasitaemia progressively on each day of its
<ourse and to prove that the cure affected was a radical one.

The dose of sulphadiazine determined to be necessary for radical cure of the
mfection, was a single dose of 1'2 mg, per 20 gm. body weight of the animal,
administered intraperitoneally (Ramakrishnan et al., 19818). In order to be certain
beyond any doubt that the cure effected was radical, each animal was administered
t-2 mg. sulphadiazine per 20 gm. body weight once a day intraperitoneally for &
sonisecutive days, l.e. three times the required curative dose. Each animal so
rreated was rested for at least scven days before being subjected to any further
sxperimental procedure.

It was necessary to demonstrate that the treatment resulted in sterilising the
nost of its infection. The normal isodiagnostic procedure employed in routine
2xperimental malariology, of inoculating a small quantity of bloed from the animal
under observation into susceptible clean animals, has been shown to be inadequate
fhy Sergent (1954). A negative inoculation of this nature does not rule out the
existence of latent infection in the former, A total infectivity test was described
fy him in which he inoculated into susceptible animals the total mass of blood of
the animal under investigation, sacrificed by exsanguination and also ta include in
the inoculum homogenised internal organs of the donor animal. In the present
study, this procedure of total infectivity test was adopted to confirm that the animal
underwent a radical cure,

This test was terminal and the same animal could not be used to determine
the immunity status conferred on the animal by the respective duration of the
wrimary patent parasitaemia, It was, therefore, necessary to utilise sufficient
number of animals in otder to subject half of them to the total infectivity test 10
sonfirm the absence of any latent infection in them ; and to subject the remaining
nalf, similar in all other respects, to demonstrate the presence or absence of immu.
nity to a challenge homologous infection.

For the total infectivity test, inoculations were made into R. rattus specimens
:Ramakrishnan and Satya Prakash, 1950} obtained from the Delhi City rat catches
made by the municipal authorities. Approximately six specimens were used to
sub-inocculate the blood and homogenised internal vicera of each cured albino rat,
The blood of the inoculated animal was examined every day for a minimum period
5§ 10 days.,  Over 300 R. rattus were utilized in these tests.

RESULTS.

O the 124 albino rats experimented upon, 21 died before the final stages of
the experiment. The remaining 103 animals were cured on specific progressive
days of primary parasitaemia. The cure was effected at intervals ranging from 2 to
}5 days of patent parasitaemia. The interval between the commencement of the
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cure and the subinoculation test for infeciivity or challenge infection varied from
11 to 24 days. The total infectivity test proved negative in each of the 51 animals
submitted to it, proving that the chemotherapy proved successful and every time
effected a radical cure, sterilising the infection in the treated animals,

Table I gives the protocols of the animals used in the study.

Tasre I

Protocols of aibino rats cured from firsi to fifteenth day of parasitaemic, showing the
results of challenge infection and total sub-inoculation.

! N B : 'Numssr | Resuvr. susser;
o1 BExc 2y i i oF POSTTIVE!

RS- R . ANIMALS! — NEGATIVE:
=} ! H "‘a“ = : ; Py —
2 P EEY i RS i

& | gES” D Date of _:g[ -
= - ?‘; g Date of commence- & g | LA
AL & g+ g inoculation, ment of | BlEl g, ! -§ REMAREKS.
Timifg; 8eE8; treatment, - =S 20 g

% . £ ! - & 5ol £8 3

o |l RLE e L0 og | aes =
Z " i iwmET R A
g L ' B18is8s . 3
3 P Be 0 A B
AL RS §'8, % | =
A S S SO B i :

§: ¢ 4 I 2 | May 30,1955 June }, 19551 3 4 | 310 0/4 [ One animal died.

3 41 41 3 | May 30,1950 June 2,1955| 3 3! 3/0 0/3 | Two animals died.

5 4: 4 i 4 June 4, 1955 | June 8,1053 ¢ 4. 40 - 04 .

81 81..1 5 |June 6,1855) June 21,1955] 4 4] 40 04 ..
lo: 5! 5: 6 1 Aug. B, 1935] Auvg. 15,1958, 51 B! 50 5 ’e
100 515 7 | Augl7 195 Aug. 24195 &1 4] 40 . 04 | Two animals died.

g1 1 70 8 i June 11,1938 June 19,1956, 41 3| %1 | o3 | One animal died.

AL o4 4] W Jan. 6, T930% Jan. 15,1956 41 43 04 04 | Two experiments.

s 5| 8 0 July 24,1956 0 Aung. 2,1856; 5: 2} 32 02 | One died,

] 4| 4 i Tan. 16,1956 | Jan. 26,1866 21 31 0/2 ° /8 | Two experiments,
HLN S 1) 3 {3 Sept. 3, 19561 Sept. 13,1056 4| £ 40 ! 0/4 . Five animals died.
91 51 5 1} Oct. 22,1956 | Nov. 2,1958) 51 8! /8 ' 0/ | Two experiments.
Wil .. 1! Oct. 25, 19568 Nov. 5, 1956 3. 2, 88 - /2 | Five amimals died.
iy 5 5 15 Nov. 1,1985) Nov. I8, 1035 2, 4} /2 | 04 : Four animals died.

124 | 74 | 50 ! . 52151 | 3319 ¢ 051 |

The remaining fifty two animals were submitted to a challenge homologous
re-infection. Tweniy-three of this group were cured on days 2,3,4, 5, 6 and 7 of
rhe primary parasitaemia ; every one of these developed the infection following the
challenge showing that up 1o the seventh day of primary parasitaemia, the acquired
immunity was insufficient to resist the challenge re-infection. Of the 4, 9 and 6
animals that were cured on the eighth, ninth and tenth day of primary parasitzemia
respectively, 1, 8 and 2 animals gave a negative response to the challenge re-
infection. It appeared that the immunity, developed during 8-10 days of parasit-
aemia, was sufficient to resist the challenge re-infection in a proportion but not all
of the animals. Al the 8 rats cured on the eleventh and two rats cured on the
fifteenth day of primary parasitaemia, were able to totally resist the challenge
infection, ¥ would thus appear that a primary parasitaemia of 11 days or more
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was sulficient to confer adequate immunity in the albino rats to resist a challenge
re-infection, '

The blood smears of the experimental animals were obtained only at 24 hour
intervals. The available data on the prepatent periods, after the primary and the
hallenge incculations compared in 52 animals cured on different days of primary
palent parasitaemia, s contained in Table (1.

Tasrr I,

Average preputent period after primary and challenge inoculation in albino rats
radically cuved of the primary parasitaemia of different intervals.

: |
D i Day of patent Interval in days
Nunber of '\‘fefia%e Erel;a:';tni { parasitaemia on | belween completion } Avg;';ge 3;2pa§$r
animals, + DEIOC IR CAYE B . | which treatment of cureand chatlenge ﬁef; Y ati
. PrHnary mocyidl 101T1- was commenced. 1 inaculation. ; chalienge 1NoCu 108,
3 : 00 | 2 At lzast B days 1 00
4 a0 | 3 -do- i 00
4 b 120 i 4 ~do- hel}
" : (et} . h -do- i 245
4 ) B : ~cfa- i 1.2
% et : 7 ~-do- ! 2.5
4 {het) . & -da- ! 3.6¢
g 1pal} . & wdoe | 3.6¢
b a0 : :{; -do- l 401
5 : 130 . -do- 1 .
| : % e ntone.
3 14 15 -do- i All negative to re-

inoculations.

'l
|

o
(=

*Qne animal was negative to chatlenge infection.
+Ohnly three animals were positive to re-inoculation,
7Only four animals were positive to inoculation.

1t is seen from the data in Table IT that the average prepatent period, after
the primary inoculation, varied from O to I day, It wassimilar in the case of the
challenge re-infection in the 7 animals that were cured on 2, 3 and 4 days respec-
tively, indicating that the acquired immunity conferred by the respective durations
of primary parasitaemia was little or nif. The prepatent period for the challenge
re-infection of animals cured on the fifth to the tenth day, showed a progressive
increase from an average of 2-5 to 4 days.

The duration of patent parasitaemia, following challenge re-infection, also
shows a definite correlation with that of primary parasitaemia in the respective
animal. Tt was observed that animals which ran an uninterrupted course of primary
narasitzemia for periods of 11 and 15 days and were cured theresfter, failed to
respond to the challenge dose. The duration and the average intensity of daily
narasitaemia, following challenge, were also observed to decline, with progressive

increase in the duration of primary patency preceding curative treatment {Tehle
n.
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DISCUSSION,

Alchough it was aimed to have ac least 10 animals for each experiment, 1t was
not always possible due to difficulty in obtaining the requisite number of animals of
the same age. In no case, however, was the sample less than 8. For experi-
ments considered crucial, as for instance the determination of the immunity status
conferred on the ninth, tenth and eleventh days of primary parasitaemia, the experi-
ments were repeated to confirm the results,

The perind of observations of the R. rattus thet were sub-inoculated for the
total infectivity test, was arbitrarily fixed at 18 days. This would seem to be
justified, however, in the light of previous observation on the prepatent period of
P. berphei in R.vattus (Ramakrishnan and Satya Prakash, 1950}, Occasinnally, at
<he end of the observation period the test-inoculated R. rattus were submitted to the
total infectivity test in a second series of animals and the absence of infection,
determined by the examination of blood on ten consecutive days, was confirmed.

With the above mentioned experimental limitations, the results would seem to
he olear cut. The absence of any difference in the average prepatent period after
primary and challenge inoculations in the animais cured of the infection after the
second, thied and fourth days of primary parasitaemia, indicates that no measurable
immunity is conferred within the period (Table II). Thisis of particular interest
in the Hght of the hypothesis of Macdonaid (1957}, He postulates that in the case
of hyper-endemic areas where P, falciparum predominates in the first few years of
life, at least one infection with P. falciparum makes no material alteration to the
nrobabitity of another during its course and that fresh infections during this time
are marked by a fresh onset of parasitaemia materially unaffected by the previous
ane, In the case of P. berghei in rats, however fresh infections can manifest as
distinct episodes of parasitaemia only during a very shert period, during the course
of the first 10 days at the most of the primary infection.

The period of primary P. berghei parasitaemia in albino rats which does not
thake apy alteration to the immunity statuas of the host, with reference to re-
infection, would seem to be relatively short and limited to three days. [n the
present study, the infections dealt with are single blood-induced episodes. It
should be of interest to study multiple infections and observe whether the duration
of primary parasitaemia, required for conferring measurable immunity, is shortened
further and whether the total parasitaemia and the duration of the primary patent
episode materially differ from the patterns of single infections.

The total resistance to challenge re-infections seem to manifest in a propor-
tton of animals only after the eighth day of primary parasitaemia. Progressively, in
animals cured after the ninth and tenth day of primary parasitaemia, the propor-
tion of such animals increases, One hundred per cent of the animals cured after
the efeventh day onwards of primary parasitaemia, totally resist re-infection. The
analysis is shown in Table IV.
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Tanns 1V,

Results of challenge ve-infretion and total infeciivity test ufter radical cure
of primary parasitaemia on successive days after the primary inoculation.

tDay of patent’  Intervalin days  TPostveNzcarive.
Number of | parasitaemia © between commence- - . Cae
rats i onwhich | ment of treatment and Challe Total ! REMARKS
inoculated. | treatment was | challenge inoculation/ & d“‘*r_‘.ge “olal infec-
: commenced.,  total infectivity test. inocylation. . tivity test. i
8§ | 2 it : 30 04 Ianimal died.
8 3 H 3 83 ! 2died.
PR 3 b T g |
s 5 b L4 04
o 6 1 50 - 0n
) 7 24 M : k¢ : T'wo died.
s 8 31 31 03 Onedied.
14 9 18 3.4 08 i One died {Two experi-
: i _mentsh
T 16 17 42 07 ¢ Five died (Two experi-
. . ments),
20 | 18 o8 7 ;| Fivedied{T'wo experi-
i mentsh
W 5 P2 o 04 | 4 died.
Total 124 ! _ ©asne :

All possible care was taken to ensure that in no case was the challenge
inoculation a superinfection, The radical cure of the primary infections have been
amply proved by Sergent’s total infectivily test (Sergent, 1854). In every case a
minimum of 8 days elapsed belween the radical cure and the challenge re-infection.
This raises the question whether immunity to P. berghei infeciions in albino rats
is premunition (Sergent, 1954) or true immunity (Corradetti et al., 1934) persisting
sfter complete recovery from the primary infection. The latter based his conclusion
»i recovery on the absence of relapses in splenectomised animals at different
intervals after the primary patent parasitaemia. It would appear that acquired
immunity in 2 measurable degree was conferred only after a minimum of 4 days
of primary patent parasittemia. This immunity could be shown to increase
guantitatively up to the tenth day of primary parasitaemia after which, from the
cleventh day onwards, sufficient immunity is developed to totally resist the
challenge re-infection. The development of such immunity is intimately related
tv and is proportional to the duration of primary parasttacmia. The time interval
allowed between the cure and administration of the challenge re-infection was
short. Data allowing longer intervals between the cure and chalienge re-infection
will form the subject of anuther publicatien.

SUMMARY.

Studies were catried out to deiermine the minimum period of parasitaemia
. berghet} in albino rats necessary for conferring invmunity as detected by challenge
re-infection.
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It was found that ne significant immunity was conferred by parasitaemia of a
parent duration of less than 5 days, bevond which immunity was detectable,

The degree of immunity built by a patent course of 11 days or more was
adequate to totally resist homologous re-infection.
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METABQLIC STUDIES WITH 1-p-BROMOPHENYL-2 : 4-
DIAMINO-1 : 6-DIHYDRO-6 : -DIMETHYL-1:3 : 5-
TRIAZINE (M.LS. 11} IN MONKEYS*.

5y

1.0 BAMIT.
{Mularia Institute of India, Detha.}
Plane 28, 1964, 1

Stupies on metabolic degradation of NY-p-chlorophenyl-N*-isopropyl biguanide
iproguanil, T ; X==ClI) in both man and rabbits :ndlcated the formation of 1-p-chlo-
rophenyl-2 : 4-diamino-1 : 6-dihydro-6 : G-dimethyl-1 1 5-teiazine (I1; X=Cl)
and a small amount of ap isomeric compound, viz., 2-ch]or0-aniiino-ée»amino-l :
8-dihydro-6 : &-dimethyl 1 : 3: 5-triazine (IT], X=Cl) {Carrington et al,, 1951 ;
Crowther and Levi, 1958).  The first mentioned triazine was highly active against
experimental malaria infections while the latter compound showed no such activity
{Carrington et al., 1981 ; Crounse 1951 ; Modest et al., 1952 ; Schmidt et al., 1952 ;
Crowther and Levi 1853, Krishnaswami et al., 1953). (Jrouﬂse(li}al} while study1n5
the same probiem in monkeys, could only isclate the inactive triazine (II ; X=Cl)
and p-chlorophenyl biguanide as the two major breakdown products of proguanil.
Considering the fact that active triazine (I) was very labile and got readily convert-
ed into its isomeric detivative {111} when exposed to heat or alkali, it was probable
that during the process of isolation and characterisation, the primary metabolite
T ; X=Cl) got isomerized into (111 ; X=Cl) and as such escaped detection by
Crounse {1951). Even in the case of studies by Crowther and Levi (1053), the
amount of isomeric triazine ({11 : X=CI) isolated, was negligibly small and could
have easily originated from the active triazine (II ; X=Cl) during isolation pro-
cedure. Metabolic degradation studies with N*-p-bromophenyl-N*-isopropyl-
biguanide {Bromoguanide, I; X=Dr} in monkeys led to the isclation of I-p-
bromophenyl-% : 4-diamino-1 : 6-dihydro-6 : 6-methyi-1 : 3 : 5-triazine (1l ; X=Br)
trom the urine in § per cent yield. In this case, however, formation of isomeric
4.p-bromoanilino-4-amino-1 : 6-dikydro-6 : G-dimethyl-1: 3 : S-triazine (III; X==
Br) could not be pioved (Bami, F953).

L-p-bromophenyl-2 : 4-diamino-1 : 6-dihydro-8 : 8-dimethyl-1: 3 : B-triazine
iMLLS. 1T, 11 ; X=DBr) and a large number of dihydro-triazines of this class have
also been synthesised and their physico-chernical properties and biological activities
svaluated (1.C.I. patent, 1951 ; Modest et al., 1952, Basu et al., 1052 ; Loo, 1954 ;
Carrington et «l., 1954 ; Bami, 1055 ; Modest, 1956 ; Modest and Levine, 1956).
Amongst thebe, MIS 11 {H X= Br) wuas one of the few compounds which

* (a) A prelrmmary report of this work was pubhslwd in Proc. Indian Sei- Congress, 1957, 44,
Part I, p. 150,

{0y M.L.8. represents Malaria Institute Survey number,
+ Present address :—Central Drugs Laboratory, Caleutta-£4,
JEH
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dispiayed bigh degree of aptimalarial activity coupled with low toxicity when tested
4gainst experimental malaria infections like P, gallinaceum, P. lophurae, P, berghei and
P. cynomolgi (Krishnaswami ef al., 1953 ; Hewitt et al., 1954 ; Jaswant Singh et al.,
1954 ; Ray es al., 1954). Preliminary clinical trials with this compound also revealed
1 to be very promising when compared to drugs like chloroquin and it was very
well tolerated at the dosage tried (Ray, Bami and Basu, 1958). Similarly, pharma-
zological studies with MLLS. Il indicated that it had very low acute toxicity
{LDyss for rats and monkeys on oral feeding, 1500 and 800 mg. base/kg. body weight
cespectively) (Sirsi and Bami, 1958:. Low toxicity, associated with this highly
soluble and active triazine (Il ; X=Br), led to the present investigations on its
metabolic degradation in monkeys. In view of the above background, it was also
to be ascertained if any further isomerisation of M.LS. 11 tock place in wivo and
what was the nature of other metabolic breakdown products originating from it
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EXPERIMENTAL.

A pure sample of 1-p-bromopbenyl-2 : $.diamino-1 : $-dihydro-6 ; 6-dimethyl-
1 : 3: A-triazine hydrochloride (Il ; X=DBr), required for the present studies, was
synthesised and crystallised twice from water (Bami, 1953). It was isomerised into
HI (X ==Br} by heating it in an alkaline solutionr. In order to aid in identification,
ultra-violet absorption spectra of MLLS. Il (II; X=Br}, isomerised triazine
{III ; X=Br) and Nl.p-bromophenyl biguanide, was determined in 0-01 N-hydro-
chloric acid with a Hilger UV spectrophotometer (Graph 1), Similarly, infra-red
spectrograms of II (X=DBr) and III (X =Br} were obtained through the courtesy of
Messrs. 5.P. Sadler & Son Inc., U.S.A. (Graphs 2 and 3).

Gravs I
Ulira-viviet absorption curves.

o
I NEp-Bromoplhenyl-N-biguanide.
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W'Y 1% d 3:5 triazine (MIS II).
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M.1.8. 11 hydrochloride was given orally as a single daily dose of 20 to 30 mg.
vuse/kg. body-weight because these dosages were very well tolerated by monkeys.
A typical experiment to characterise the metabolites has been recorded below :—

(a) Tsolation of metabolites from monkey urine.~~Healthy normal monkeys
{weighing 5 to 6 kg.) were fed orally once daily at 30 mg. base/kg. body-weight dose
of 140 per cent solution of M.L8. 11 hydrochloride. Administration of drug was
continued for 15 days. Urine (preserved over chloroform) and faeces (kept in
methanol) were collected daily and stored in a refrigerator. Switable quantities of
urine and faeces were taken as required.

Urine (2 litres) was treated with lead acetate 11l no more of the proteins were
precipitated.  The mixture was filtered through Liselguhr. The clear filterate waa
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extracted with butanol {1-3 litre} three times. DButanol extract was concentrated
ander reduced pressure and the soluble metabolites taken into a lead-free aqueous
phase according to the technique described by Crowther and Levi {1963) and Bami
{1463). The aqueous extract (50 m).) was made alkaline and quickly extracted with
ziber three times (100 ml, 50 mi., 50 ml) at 0°C. The alkaline extract was
acutralised in cold, and extracted with butano! twice (50 ml. each time). The
irutanol extract was again evaporated under reduced pressure to get the material
back into aquecus phase. The agqueous extract at this stage, was directly treated
with alcoholic picric acid. The resultant crude picrate was collected and crystallia-
2d from ethanol as fine sitky yellow needles, yield 100 mg. m.p. 201°C.  Mixed m.p.
with an authentic sample 201°C. (found C, 387 H, 83 N, 21-35, C;,H;,NBr.,
Uty 00N require C, 388, H, 3.2, N, 213 per cent).
Laltalg 2
Lo ihomaphenytled, S-didinino- £, -dihydro-2, 2-dimeihyl-s-viaane, ydroviloride
{C M ByNGHCT, Mol, Wi, 33%463) (0+3 1, (45 per cent in KBr wafer ).
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Bther extract obtained above, was evaporated to dryness and the residue
uiturated with dilute hydrochloric acid {10 mL). A portion of this solution was
treated with ammenical copper sulphate solution but there was no red precipitate
indicating the presence of any biguanide derivative. Similarly, no picrate was
tormed when remaining of the acid solution was treated with picric acid. This
indicated the absence of any ether soluble basic compounds.

b}y Isolation of metabolites from monkeys' foeces, —Faeces (500 gm.)} obtained
from monkeys receiving the drug orally, were shaken with methanol (300 ml.} for
one hour and then filtered, using celite filter aid. The flierate was concenirated to
a small volume (50 ml.} by blowing air at its surface at room iemperature and then
diluted with water to 500 ml. The solution was worked up as the urine sample
deseribed above. Only a small quantity of }.p-bromophenyl-2 : 4-diamino-} : 6-
dihydro-6 : 8-dimethyl-1 : 3 ; S-triazine picrate was recovered finally as silky needles
m.p. 200°C,

Crounse {1951} bad studied the nature of breakdown products of alkaline and
acidic hydrelysis of proguanil and dihydrotriazines (1 and It} using p-phenyl-azo-
benzoyl chloride as a reagent. In order to see if smaller metsbolic fragments of
MLLS. 11 couid also be detected by this technique, the following experiment was
undertaken.

{¢) Characterisation of metabolites through their p-phenylazo benzoates.—Urine
2 litres) {rom monkeys receiving M.[.8. 1T orally was extracted with butanol and
the butanol phase replaced by water as described before. The aquecus phase
{50 ml.) was made alkaline and repeatedly extracted with ether at 9°C.  Total ether
extract was evaporated and the residue picked up in dioxane {2 ml). Sodium
hydroxide (20 per cent solution ; 6 ml) and p-phenylazobezoy! chloride (0-3 gm.)
were added to the dioxane solution and the mixture dried under vacuum. The
residue was again suspended in water (5 mi.), the suspension &ltered through a
blter thimble and the residue repeatedly washed with hot water till free of alkali.

Thimble, with ifs content, was dried at 60.70°C. for 3 hours and then extracted
with benzene (180 ml) for 4 hours in a soxhfet. Benzene extract was reduced to
25 ml. and run on a 50 : 30 alumina: celite column conditioned with 60: 40
benzene : n-hepfane mixture. Elution was also done by the latter solvent mixture.
Only two faint yellow bands got separated on the column. These bands were
mechanically removed and extracted repeatedly with etbanol. In cone case, the
amount was negligibly small while in the other case the material wasidentified to be
a mixture of p-phenylazobenzoic acid and its sodium salt. Apparently there was no
indication of formation of any benzoy! derivative of the triazine, its isomeric deriva-
tive or any of their smaller breakdown fragments.

The above chromatographic separation was also repeated with total material
extractable from urine with butanol. In this case also, none of the expected
derivatives could be detected. Similarly separation of metabolites by partition
chromatography on silicic acid-celite column, as employed by Crounse {19851), also
jailed to confirm the presence of IJT {X=Br) or other smaller hasic fragments.
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As it was not possible to detect any metabolite of M.IS. 11 by the above
rechniques, it was argued that either there was little breakdown of this molecule or
¢the metabolites could not be accounted for by the above methods of drug
administration and jsolation. In order to clarify the position, firstly maximum
iolerated dose for MLLS. 11, when given intravenously, was determined in monkeys.
After several experiments, it was observed that a maximum single dose of 10 mg.
base/kg. body weight was safe when given intravenously. Secondly, urine of normal
monkeys was collected and mixed with known amounts of M.1.8. 11 hydrochloride.
This mixture was extracted with butanol and M.LS8. 11 recovered as its picrate
quantitatively as described under (a) above. Percentage recovery of M.1.8. 11 on this
hasis was determined several times and resulis are given in Table I.

TanLe L.
Recovery of M8, 1 picrate from known mixlures of urine and M.LS, 11,

Serial | I M.IS. 1 hydso- | Amount of M.L18. ! Per cent recovery
er]'; b Urine (inml.) ;¢hloride added (in (11 picrate recovered|  of MLLS. 11
Rumber. | | termns of mg. base). {in mg.} picrate.
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With the above base-line recovery data and considering the fact that there was
littie evidence to support the presence of other metabolites, quantitative recovery of
M.I1.8. 11 in the urine of the monkeys, receiving the drug intravenously, was undeg-
:aken. Two typical experiments are recorded below ;-

i) A monkey (6 kg.) was administered intravenously M.LS. 11 hydrochloride
‘n the form of its sterile 0-25 per cent solution at a dosage of 10 mg. base/kg. body
weight in the morning. The same dosage was repeated in the evening. Daily
intravenous administration of 100 mg. base of the drug was continued for 5 days
itotal 500 mg. base). Urine was collected over chioroform for 12 days starting from
the time of first injection. Total urine (2 litres) was treated with lead acetate and
extracted twice with butanel {1000 ml., 500 ml.) for two hours. Butanol extract was
worked up as detailed already and finally crude M.L3. 11 picrate was obtained,
from the aqueous phase. On crystallisation it offered 280 mg. of pure M.1.S. 11
vicrate m.p. 200°C. Recovery on the basis of blank recovery results (Table 1)
warked up to 7% per cent.

{ity Two monkeys were administered intravenously, 100 mg. M.IS. 1 each
in two divided doses (as above) for one day only. Urine from both these monkeys
was collected for six days and pooled together. Total urine (1 litre) was worked up
as under {f) above and the final vield of M.I.S. 11 picrate was 100 mg. Recovery
an the basis of blank results (Table I} worked up to 71 per cent. ' '
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DISCUSSION.

Attempis to isolate metabolites 1-p-bromophenyl-2 : 4-diamino-l : §-dihydro-
4 : 6-dimethyl-1 : 8 : 8-triazine hydrochloride (M.L8. 11 : i1, X=Br) from the urine
of monkeys receiving the drug orally, did not offer any major or minor breakdown
product. The presence of M.I.8. 11 alone could be detected. Similarly faeces
samples, when analysed according to Crowther and Levi (1953) technique, failed to
aive any other product excepting the starting material (If, X=Br). In both cases,
neither the formation of biguanide derivatives nor isomeric dihydrotriazine (111 ;
X =Br) as possible breakdown products, was proved. [t was, therefore, very doubt-
ful if isomerization of (II) into {III} could take place n wive at all. It seemed
probable that M.I.8. 11 was broken down into smaller fragments like, p-bromo-
aniline, isopropyl-amine, methylamine, ammonia, acetone, etc,, because intensive
acidic and alkaline hydrolysis of similar compounds had offered such products
previously (Crounse, 1951 ; Crowther and Levi, 1953). Benzoylation of materials
extracted from urine with p-phenyl-azobenzoyl chloride as well as separation by
chromatography indicated that none of these basic fragments were present in any of
the extracts in measurable amounts. Even intravenous administration of triazine
(I : X =Br) failed to offer any metabolite in the urine. In fact, about 75 per cent
recovery of the injected material from the urine was highly indicative of the fact that
this drug was excreted from the system mostly unmetabolised. Failure to account
for the remaining 23 per cent of the drug, could be explained on the basis of absorp- -
tion in the animal system, losses due to perspiration and those during collection of
urine, Highly soluble nature of the drug, coupled with its very low toxicity (Sirsi
and Bami, 1958), also contributed towards its rapid and extensive elimination from
the system unchanged. Robertson {1957) clinically tried the antimalarial activity of
proguanil metaholite (1[; Xe=Cl) and its 3 : 4-dichloro analogue {Crowther and
Levi, 1953) and suggested that these compounds were not superior to chlorequin
due to either easy destruction or rapid excretion from the system. Studies with
M.1.8. 1} have indicated that dihydrotriazines of this class (II) were neither localised
in the system (unlike chloroquin, pamaguin} nor destroyed but were capable of
rapid elimination from the system without undergoing significant chemical break-
Jown-

SUMMARY,

Y.p-bromophenyl-2 ; 4-diamino-! : 8-dihydre-6 : 6-dimethyl-1: 3 : 3-triazine
hydrochloride (M.LS. 11) was administered to monkeys both orally (20 to 30 mg.
pase/kg. body weight) and intravenously {10 mg. base/kg. body weight). Isolation of
metaholites from urine and faeces, as well as chromatographic separation of
metabolites, revealed that this compound was mostly eliminated from the system
unchanged and there was no evidence of its conversion to isomeric triazine (II;
X=Br), biguanides or other smaller fragments. Mearly 75 per cent of the drug
could be recovered unmetabolised from the urine after its intravengus administra.
5ign to monkeys.
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THE SUSCEPTIBILITY OF CULEX FATIGANS TO
DIFFERENT DENSITIES OF MF. BANCROFTI.

BY
AR. KRISHNASWAMI,
3. PATTANAYAK
AND
N.G.5. RAGHAVAN.
{Mularia Institute of India, Delhi.}
Huly 23, 1959.)

Tur concept of a critical leve! of microfilarial density in the blood of the
vertebrate host, which is infective to the vector mosquitoes, is an important factor
in the transmission of filariasis. This has been studied by many workers in the
past (Bahr, 1912; Hu, -937; Basu and Rao, 1939; Manson-Bahr, 1952 ; Muirhead
Thomson, 1954). The observations have & bearing on programmes for the control
of flariasis in which chemotherapeutic agents are used to reduce the Yeservoir of
infection in the community,

An “infective” and a “sub-infective’’ level of microfilarial density in the host,
with reference to the infectivity to the mosquito, were distinguished by some of the
earlier workers, Basu and Ran (1939 loc. cit.) described a ‘minimal’, ‘optimal’ and
‘lethal’ densities of microfilariae in the blood. The minimum level infective to
C. fatigans was ““12 mf, per 0-2 c.c.” {should probably read as 0402 c.c.}. Rosen’s
studies in Tahiti showed that non-periodic W. bancrofti developed successfully in
Aedes polynesiensis even with microfilarial counts as low as 045 per 20 c.mm.
Comparative infectivity of different microfilarial densities of periodic W. bancrofti
in the blood to laboratory-bred C. fatigans is reported in this paper.

METHOD AND MATERIAL.

Volunteers positive for Mf. bancrofti were selected for these studies in
frnakulam {Kerala State). ‘The microfilariae in this area is known to have a noctur-
nal_periodicity (Malaria Institute of India, 1957). Estimation of microfilarial density
was made by examination of blood just before applying the mosquitoes for feeding.
Yome of the volunteers, however, did not have patent parasitaemia during such
examinations. The number of microfilariae were enumerated in three smears, each
with 20 c.uom, of blood. The average of the three counts represented the micro-
filarial count at the time of the feed.

Specimens of female C, fatigans from the colony, muintained at the laboratory,
were conditioned by starving for 24 hours and then fed on the volunteers. Twenty
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to thirty such mosquitoes were confined in a bamboo ring covered with bobbinet
on either side and applied to the thighs of the volunteers for an hour. The
mosquitoes were fed between 20-30 and 21-30 hours. The fully engorged mosqui-
toes were separated and held in glass chimnevs and maintained on glucose.

Routine observations in the laboratory had shown that the extrinsic incuba-
tion period was about 14 days. Therefore, observations on the development of the
infection in the mosquitoes were restricted to a period of 14 days from the day of
feeding. Mortality was noted daily and dead mosquitoes dissected. The live
specimens were dissected between the 10th and 14th day of feeding. In positive
specimens the number and the stages of development of the larvee found were
vecorded.

RESULTS.

The microfilarial densities in the voluateers, as determined by the blood
examination just before feeding the mosquitoes, ranged from zero to 220 per
20 c.mm of blood. Four hundred and sixty-four mosquitoes were dissected follow-
ing the infective feeds. The results are presented in Table I and Graph 1,

TanLe L.

Results of dissection of C. fatigans fed on volunteers with different microfilarial Jensities,
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DISCUSSION AND CONCLUSION.

{t is noteworthy that two out of ten mosquitoes were infected despite the fact
that they were fed on volunteers with no patent microfilaraemia at the time of
feeding. This could be due to the “ability of mosquitoes to concentrate microfi-
tariae” (Manson, 1888 ; Ashburn and Craig, 1907 and Highby, 1948), which, how-
ever, has been questioned by Bahr (1912 loc. cit.). Gordon and Lumsdon (1839}
made direct obgervations in the web of a frog infected with Feleyella dolichoptera.
They noted a difference between the density of microfilariae in the capillaries and
that in the pool of bloocd formed due to the laceration of tissues by the proboscis of
the mosquito while feeding. This would appear to be a probable explanation for
the finding mentioned above,
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The perceatage of positive mosquitoes was found to be correlated fo the
microflarial count in the donot’s blood within certain limits. There appears to be
an optimum density of microfilariae favourable for the completion of development
in the mosquito (Table I), The average number of infective larvae per positive
mosquito showed an increase with counts up to 100 microfilariae per 20 ¢.mm. With
higher densities, the number of infective larvae in the mosquitoes showed a steady
fall. It was interesting, however, to note that the total counts of developing forms
continued to show an increase with the rise in the microfilarial counts. The over-
crowding of the developmental forms in the mosquitoes fed on volunteers with more
than 100 microfilariae per 20 c.mm., appeared to be responsible for fewer numbers
of larvae reaching the infective stage.

Fransmission of flariasis is determined by many factors :~

i1} in men :—the microfilariae rate and average infestation ;

:1if  In the mosguito *—the infectivity rate, the density of infective larvae per
infecced mosquito, the vector density, the daily survival and biting rates and the
degree of anthropophily.

Of the factors relating to the vector, the first two are intimately associated
with the infection in man, and are the common indices used in measuring mosquito
teanemission. I all the other factors remain constant, the “transmission potential”

san be assessed by the formula :

Transmission } —
potential

where 'E is the infection rate and ‘n’ the number of infective larvae per positive
mosquito {Table 1I).

Ixn

Tarte I,
Transmission potential,
] 1 i Farnt? o
Mf. countper | Infectionrate i‘m ;f ;‘?si;et::it:e |  Transmission

20 conm. in mbequito. mosquito. E - po::enual
0 1 20.0 ! 245 i 50-0
- 10 i 1.9 1+l ! 24.1
e 50 ; 8.2 408 : 3370
. 100 : 06-8 4.8 : 45.3
el 150 ! 9848 2.2 i 2§74

20220 857 004 { 343

‘The “‘transmission potential” would appear to be minimal when microfilarial
Jensity is low (below 10 per 20 c.mm.}. Densities between 11 and 100 per 20 c.mm.
would appear to favour maximum transmission. Densities beyond 100 microfilariae
ver 20 c.mm, act as a biological brake to mosquito transmission.

The “‘transmission potentia

” appears to be mainly governed by and almost

directly in proportion to the density of infective forms per positive mosquito and
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would, therefore, be dependent on the wicrofilarisl vounts in the community. The
mosquito infection rate per se does not appear to be a true index of transmission,
and determination of infective Jarval counts appears to be important in deciding the
quantum of transmission. This has to be borne in mind in comparative studies and
in assessing the efficacy of control operations. '

SUMMARY.

1. Comparative studies on the effect of different microfilarial densities of
W. bancrofti in man on the development in mosquitoes (C. fatigans) have been
reported.

2, It was observed that.

{a) mosquitoes showed infective larvae aven tfolowing feeding on volunteets
who did not show circulating microfilariae at the time of feeding and there was no
“*sub-infective level” of microfilaraemia ;

{b) the percentage of infected mosquitoes and the number of Infective larvae
per positive mosquito increased with mf. counts up to 100 mf. per 20 c.mm. of
blood ;

{c} the infective larvae count per pusitive mosquito fell with higher micro-
alarial counts in the donor which appeared tu act as a biological brake to
sransmission.

3. The importance of recording the counts of infective larvae in the positive
mosquitoes for assessment of control programmes has been discussed.
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INTRODUCTION.

In India, thie only filarial infections recorded in human beings are the noctus-
nally periodic W. bancrofti and malayi {Raghavan, 1957). Thus in filarious areas
in India the surveys have to be carried out at night, posing a number of practieal
problems. Many workers have attempted to study the possibility of overcoming
them by carrying out day surveys. Korke (1928) in Bihar, Indis, studied the
significance of such surveys and noted that the proportion of positives revealed by
day and night surveys was 2:9, thereby emphasising the need for carrying out night
surveys in such areas for getting true picture.

Gujral (1957)* observed a reversal of the nocturnal periedicity of Mf. bancraftt
after treatment with diethylcarbamazinet. Following therapy, there were greater
numbers of microfilarise in blood films obtained during the day than at night. In
view of the above, it was decided to repeat the work of Korke (1920 loc. cit.} and
Gujral (1987 loc. cit.):

Results of flaria surveys by day and night, prior to and following a five-day
wourse of diethylcarbamazine therapy, as far as possible in the same persons in
aft area in Uttar Pradesh endemic for W. bancrofti transmitted by Culex fatigans,
are recorded in this paper.

*The observations were thade in inmates of the prison at Baralanki, Uttar Pradesh:
+4 g, ke hody weight once Jdaily for 3 days.
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METHODsS AND MATERIAL.

Blood smears from 862 persons, of both sexes and all age-groups, selected at
random, were examined during December, 1858 and January, 1968 in Basti, Uttar
Pradesh. The smears from each person were pbtained both by day and night.
The day surveys were carried out between 10 a.m. and 1 p.m. and the night surveys
between 9 p.n. and midnight.  Each smear consisting of a thick blood film, appro-
ximately 1} x ¥ inches, was prepared with 8 drops of blood (about 2¢ c.mm.)
ubtained by pricking the finger tip. The smears were air dried, stained with 0-1
per cent aqueous solution of methylene blue* and examined. The microfilarize
were counted in the positive slides.

Thereafter, a five days’ course of diethylcarbamazine was administered in a
Jduse ¢+ mg/kg. of body weight. After completion of the mass therapy, bicod
smears were obtained during the same time of the day/night as in the first survey.
Complete data are available only in respect of 857 persons examined during both
the surveys.

RESULTS.
The results are shown in Tables I and 1T and Graph .
Tasie 1.

Results of day and night bloed surveys of some persons prioy io
diethylcarbamazine therapy.

Nim:mt;{ ;gu‘saNs POSITIVE BY DAY : PosITIVE By NiGHT
Agenrolp e e S
n years, b | Night ' Number of t Rate, Number of l Rate,
. ay. 8% ¢ persoms. : percent, persons., per cent.
T O o oo s | 1m0
H-19 w2 192 1 ! 0:9 4 Pgan
1--20 ¢ 307 ] 307 . ig £2 d4 14.20
2i_eo - i5& 154 . 7 4.8 28 14483
s 16 | 100 1 40 3 1 1500
430 80 80 ! 4 ) 8-0 & ) F250
Shoveso | 86 | 8 | 8 | 34 6 | oe7
Total | 854 | 84 | 8 ‘ 4.2 wo | 1L
. ' i

From Table I, it is seen that some persons were positive in day as well as
night in all age-groups except the youngest. The number of people showing
aricrofilariae in their blood in the night is considerably higher as compared to those
positive during the day in all age-groups. The overall microfilarial rate by day
survey was 4-2 as compared to 11-7 per cent of same persons examined by night.

From Table II it would be noted that the percentage of positives by day and
night have been markedly reduced as compared to Table]. In some age-groups,

*Nuniber | solution of the §.5.B. stain {Jaswant Singly and Bhattacharji, 1944).
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Tasse IL
Resuits of day and night biovd surveys of the same persons as in Table I above,
after diethylcarbamazine therapy.

_ NU"::‘;’;::W“ POSITIVE BY DAY : POSITIVE BY NIGHT
Agegrovp . .. .. .l-____'_,-_ ._ -
nyeas. . Number of Rate, Nuraber of Rate,
i Day. ; Night. persons. per cent. persons. per cent.
o5 | = i 2 o 000 0o | 000
610 I 102 102 0 000 1 © 0408
.20 1 07 L 807, 3 , 0.07 12 L 390
5-30 ;18 1 154 0 -: 0:00 4 | 259
3—40 0 | 100 3 ; 100 2 i .00
#1--50 | 89 . 80 ) G0 0 i Q.00
Abuve 50 | 86 | 86 L 000 ¢ | 008
Taal . 854 354 4 | 0.48 19 L

even by night no positive was found (0-5, 4)-50 and over) as compared to 12-00,
1.-50 and 6-97 per cent before therapy. In the day surveys, the only age-groups
that are positive are 11-20 and 31-49 and even these are 0-97 and 1-00 as compared
w 52 and 4@ per cent before therapy. The overall microfilaria rate by day was
1346 and 2-22 after therapy as compared to -2 and 11-7 per cent prior to therapy.
Thus the relative proportions of positives by day and night are nearly the same prior
w and after therapy. Thus whether with or without therapy, for getting s true a
picture as possible of the positives in periodic W. bancrofii areas, it is essential to

carry out a night survey.
SUMMARY.

1. The ratio of positives by day and night surveys in Basti, Uttar Pradesh,
among 362 persons most of whom were examined in common, was 4-2 : LL-7 prior
tv therapy with diethylcarbamazine. The same after 5 days’ therapy in a dose of
4 mg.jkg. wasg 0-46 : 2:22,

2. Diethylcarbamazine caused a number of positive persons to become
pegative. But from para 1 (above). it would be noted that with or without therapy
more positives were revealed by night than the day survey. This emphasises the
seed for night surveys,

3. There is no evidence to suggest that following therapy there is a change or
revessal of periodicity. If this were so, more positives should have been revealed
by day than by night surveys.
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INTRODUCTION.

Beronre the launching of the Nationa) Filaria Control Programme in Uttar
Pradesh during 1055.56, it was e¢stimated that fifariasis was a problem of some
13 districts of the State.

Singh (1958], during his participation in the Fiariasis Study Tour, revealed
that rthe disease was prevalent in 22 districts of Uttar Pradesh and about 50 per cent
si the population in the State was exposed to the risk of the disease. It was
considered that the disease extended in the west up tv Lucknow District.

In order to And out if the disease has progressed beyond the district of
$_ucknow also, the adjoining district of Hardoi was selected for study. The present
naper deals with the filaria survey conducted in the township of Hardoi.

DESCRIPTION,

Hardot town is the headquarter of the Hardoi District which 3s one of the
ceatrally situated districts of Uttar Pradesh. It is a municipal town having a total
population of 20,881 (195] census) out of which there are 17.085 males and 12,796
fernales. For adminisirative purposes, the whole of the town is divided into seven
wards {Map ).

The town has a limited safe waier supply. bLarge number of persons are still
using hand pumps and wells as the source of their water supply although 3 number
of stand posts are installed by the local body.

There is no regular drainage system in the town and whatever drains exist,
they are of open type {except in a very small area where there are underground
Araips as well), built without much consideration to the gradient. with the result
vhat water stagnates, forming suitable places for the breeding of the mosquitoes.
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The disposai of the night soif is by compost pit manuring and the refuse is
disposed of by composts and for filling up of the tanks and excavations.

The town has got a modern bospital, an eye hospital and a maternity and
child welfare centre. There is a Medical Officer of Health to ook after the health
activities of the town.

The town is connected with the neighbouring areas hy roads and railways.
There is a small Developmental and Agricultural Exhibition held in the town
annually where persons mainky from the district are attracted.

There is a sugar mill situated just at the border of the town which was
established about 15 to 20 years back. Annually, during the crushing season
{November to April or May) there is a migration of about 500 to 800 persons
ilabourers) from the districts of Deoria and Gorakhpur ifilarious areas) who reside in
the locality for a period of 6 to 7 months. Further a population of about 500 persons
fias permanently migrated from these districts and has settled down in the town
imainly in Nai Basti, Ward VII).

As regards the climate of the town, the maximum and minimur temperatures
are 108:1° F. and 47-2° F., respectively, and the relative humidity varies from 70 to
90 per cent. The average annual rainfall is 50-0 mnches. '

FILARIASIS—A RETROSPECT.

On enquiries from elderly persons, local medical practitioners and the hospital
1t is learnt that the disease is recently introduced in the town. About 20 vears
hack there were a couple of cases in the town. [t is {urther learnt that it js for the
last 8 to 10 vears only that an upward frend in the incidence of filariasis is noted, in
the town.

FIEARTA SURVEY—PROCEDURE AND TECHNICGUE.

No nharia survey to assess the incidence of this disease was carried out in the
past as the area was considered to be non-filarious. The flaria survey under the
National Filaria Control Programme, India (Raghavan, 1955} was undertaken due to
following reasons 1=~

1) The incidence of the disease in this area increased so much during the
recent years so as to altract the attention of the general public and there was a
great demand for some measures against it

(it} ‘This survey was also undertaken to know if the disease is prevalent in
areas on the west of Lucknow and Kanpur as it was considered that filariasis in
Uttar Pradesh is prevalent only in the eastern districts of Uttar Pradesh and up to
Lucknow and Kanpur only.

The survey was carried ocut from April 23, 1989 to April 30, 1959 and July 7,
1959 to July 25, 1959 examining as many number of persons as possible belonging
to the houses visited and from all the wards of municipality. A door-to-door visit
was made between 8 p.m. and midnight to examine as many number of persons as
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possible fron: all the age-groups and from both the sexes in all the wards of the
stown. The persons were examined for disease manifestations like lymphademtis,
hydrocele, elephantiasis of the limbs and genitajia and chyluria. Along with this,
approximateiy 20 c.mm. of blood was obtained from each individual from finger tip
and smear was prepared, These air-dried smears were stained the next morning
with J.8.B. stain | {Jaswant Singh and Bhattacharji, 1944}, and Jater on examined for
microfilariz.  Their number and species in each positive slide were determined.

RESULTS OF SURVEY.

1,846 persons from all age-groups and from both the sexes were examined
{rumm all the wards of the town during this period of survey.

The averali infection rate, disease rate and endemicity rate were found to be
{-29 ver cent, 1072 per cent and 1382 per cent respectively., The average
wfestation was 13053 Mf. per 20 c.mm. of blood. The disease manifestations
consisted of hydrocele, elephantizsis of the limbs and scrotum and chyluria. None
5f the nine infants examined was found to harbour the infection, however the
youngest child whe showed infection was 2§ years old. The disease was noted in a
vase of {ourteen vears of age.

AGE : INFECTION/DISEASE,

The miection and disease prevalence amongst different age-groups of the
persons examined are set out in Table 1.

TasLe [
Detuls uf persons of different age-groups with infection and disedse.
. | NUMBER OF PERIONS . : Average
A\ o Number of WITH - Infection : Disdase rate, | infestation
Age groups .yedrs) Persens - i rate, L her cent ) ¢
examined. N per cent. | P ' per b Cmm,
|1nfectaon.| Disease. i of bloed.
0- 3 8 | .. . 000 | 0.00 00.00
2.5 £ I 4 .. 425 | G0 20
-1 231 . 14 .. 6+08 200 Rl
Pree20 480 1 52 28 1083 ! 83 i 133
2t -30 40 ¢ ez . A8 14465 0 1348 (o8
31 i 202 i 30 53 1027 ! 18.14 [ 1330
31 - a0 214 R : 40 Q.81 i 1868 ; 82
31 onwards % | 6 | 6+25 1979 49
Total 1,846 ! 100 i 18, 1029 | 1072 1305

An analysis of Table I shows that the infection rate rises as the age advances
il the age-group 11-20 years, after which it tends to remain more or less steady.
i1 furcher shows that the incidence of filarial disease is negligible in the earher age-
group while it increases as the age advances and steadies itself from the age.groups
21-30 vears and above.
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TYPE OF DISEASE MANIFESTATIONS.
Table II shows the incidence of various types of disease manifestations as

observed in the persons surveyed.

Taste IL
Type of disease manifestations und their relative prevalence amongst
the persons with disease.

flisease manifestations. ! Numhe{;f};::wgﬂfnseaw Per cent.
Hydroce!e and other gemta! 1 155 T8-28
effections, i I
Riuht upper limb. ' 7 ! %58
Left upper limb. # i 408
Right {ower {imb. _ 19 i 954
Left lower linb. . 25 12.62

Chyluria, 2 ! 1-03

From Table 11, it may be noted that hydrocele and other genital lesions form
the buik of the disease processes.
SEX : INFECTION/DISEASE,

Tabje T1] sets out the incidence of filarial infection and disease manifestation
as 15 observed in the two sexes.

TasLe HI.

Incidence of infection in males and females.

Numm OF PERSONS :
Jex. Jrsrrmmn e e e e o Infection rate, per cent,
hxammc’d Wth mfectlnn
Mate I 394 : 145 l(M:H
Femmale 521 : 45 2.63
Total 1 346 190 : 10-29

It would be noted from Table III that 1he infertlan rate dlffers in the two
sexes, being higher in the males than in the femalzs. The same applies equally well
to the incidence of disease manifestations as is clear from Table IV, This, in most

TasLe TV.

fncidence of filuria disease in males and femules.

Ntmnrm QF PERSONS !

Sex. i m S -w=mmo- o {Migease rate, per cent.
Exammed ; Wlth dlsease. !
Wiale Uz w0 13.58
Female ] 521 . 18 i 345

Tataf 1,846 ; 108 j 1052
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probable case, seems to be due to the fact that sample of the females collected 18
very much less as compared to the males and 2lso as the women do not readily
come forward to report the disease manifestation, particularly genital, in the earlier

Age-Zroups.
COMMUNITY  INFECTTON/DISEASE,
The meidence of infection and disease as observed in the two communities,
Hindus and Muslims, examined is set aut in Table V.

Tasig V.
{ncidence vf fiifection and disease amongst Hindus and Muslims.

" Numeey o ewoxs | peme:
Lammunity. examined —— 7
" Number. | Rate per cent ’ Number. l Rate per cent.
. [P JUI | s L .. .
Hindus : 1,540 157 - 10413 f 166 I 10.71
\Juslinng : 247 ! 33 1108 32 5 1082
Tatal ; 1,846 { 160 [ 10:20 i 108 { 10.72

From the analysis of Table V, it is evident that the infection and diseose rates
it the two commaunities, Hindus and Muslims, are almost the same and do net
show any difference.

ENTOMOLOGICAL OBSERVATIONS.

Randum adult mosquitoes were collected between 700 a.m. and 11-00 a.m.
from rhe different wards of the town during this survey. The mosquitoes collected
were later identified and the female mosquitoes were dissected for filarial infection
:n them. The following species were collected : A. subpictus. A. annudaris,
A, pallidus, C. fatigans, Acdes sp., Armegeres Sp.

Culex fatigans was found to form the major component of the mosquito
owpuiation. '

During this period of survey (from April 23 to April 30 and July 7 tu luly 25,
1989}, 530 mosquitoes (78 anophelines and 461 culicines) were collected. Qut of
these, 34 anophelines and 336 culicines (279 Culex fatigans) were dissected for
alarial infection. Only L1 C, fatigans were found infected with one or other stages
f the developing latvae. Infective forms were also noted in them. The results of
dissection are set out in Table VI.

BREEDING PLACES.
The most common type of breeding places for Culex fatipans. as noted in the
town, are as follows :
House drains and smali collections of water from the drains.
Ablution water near the service types of laterine {cesspools).

f.
3.  Water collections from the street drains.
4. Periphery of the tanks (Kutcha} where animals etc. are washed.
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Tance VI
Results of mosquito dissection for filarial infection.
MNUMBER : Ham '. Tuomx- i Annouau:
Species of mos- ; N _ om0 e
uito dissected. | 0 g pogrive. | UL | IV. l Lmonniw L | w.
L D e e teeme - .'_._...__.._._.._: e i — ......... — | e .
Ancphelene 4 N il i Nu Nil , Ntf Nit Nll , Nu.' Nit | Nit | Nt
Lulex fatigans 279 3 ’- 1 l i N TP
OthercuhcmesF 57 Nil Pl ! T : . i .- 1 I R T

Due to Iack of proper construct:on of the drams, there are several small water
collections on the sides, forming suitable places for breeding of the mosquitoes.

CLIMATE AND ENDEMICITY. (See Appendix 1.

Appendix | shows the last five years’ (1954 to 1038) meteorological data of
Hardoi Town as recorded by the Hardoi observatory. The hlaria survey revealed
that the town is moderately endemic for filariasis (Iyengar, 1938). From the
sneteorological data, the degree of endemicity noted and the type of disease
processes, it would appear that this area fits in a8 an area with climatic conditions
favourable for filarial transmission as an ‘‘intermediate” or 4-8 months according
1o the classification of Acton and Rao {1930).

DISCUSSION.

The reasons which may be attributed to this increase in the incidence of this
disease during the recent years, so much as to attract the attention of the general
public, may be summarised as follows :—

(Y Migration of population.—As mentioned earher, due to the establishment
.F a sugar mill in the vicinity of the town, there is an annual migration (temporary}
of about 500 to 800 persons (labourers) from the districts of Deoria and Gorakhpur
{W. bancrofti area) during the crushing season for a period of 8 to 7 months
{November-April/May) since 1944, Moreover about 100 families (500 persons)
have permanently migrated from the districts and have settled down in this area
since then.

The jnfection, disease and endemicity rates, as worked out for these migrants,
are set out in Table VII.

TasLe V1.

Infection, discase und endenncity raies in the persons who migrated from the districts
of Deoria und Gorakhpur.

b
: Nt}m!rn OF PERSONS WITH *

- Mumber of - . Infection } Disease Endemicity
Localty. persons | Bolh infec- | rate, per | rate, : rate,
* examined. . Infection. ; Disease. | tion and j rent. ‘ per cent. per cent.
f . { disease. |
R — ..‘__...; g e et i e i 4 e o —— . S —
NeiBasti | 18 . 1 | e : 14:07 1407 ¢ 2666
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i Nete on Filariasis in Hardoi Town, Uttar Pradesh.

It s evident from Table VII that the persons migrated from the <istricts
of Deoria and Gorakhpur had higher infection, disease and endemicity rates, thus
acting as reservoirs of infection.,

i2} Vector.—During this survey it was found that there 1s a general public
sumplaint that mosquito nuisance has increased many folds during the last few
vears. This increase in the mosquite population may be due to the water-works
having been established about six years back in Hardoi Town without consideration
of the drainage system. This has resulted in the collection of water here and there
in the absence of proper drainage and thus increasing the total water surface area
ior breeding of mosquitoes which persists throughout the area.

13} Congestion and over-crowding.—During the last few years there had been
a ot of migration in the town, leading to congestion and overcrowding which
ajtimately jead to insanitary conditions resulting in profuse breeding of Culex
‘fatigans (which is a dirty water breeder} and which is found to be the vector.

(4} Chimate—Optimum conditions of temperature and relative humidity,
cequired for the transmission of the disease, are available for a period of four to
sight months per year.

SUMMARY.

Filaria survey was carried out for the first time in the municipal town of
Hardo: and about 8 per cent of the population was examined which showed that
Hardoi is a moderately endemic area ; endemicity rate being 19-82 per cent.

W, hancrofti was the only infection prevalent, The infection rate was 10-99
ey cent. The youngest child who showed infection was 23 years old, The
werage infestation was 1305 Mf. per 20 c.mm. of blood, the maximum heing 194
sixd the minimum 1 Mf, per positive slide.

The overall disease rate was Y072 per cent consisting of elephantoid limbs,
hydrocele, fifarial serotum and chyluria. The youngest age with disease manifesta-
tion was 14 vears.

Infection was found to be prevalent in all the wards of the town,

nlex fatigans was the only vector for W. bancrofti.

Nummerous breeding places were noted for Culex fatigans which was found w0
breed in the dirty water collections.

In the males, both jnfection and disease rates were found higher than in the
iemajes.  The probable causes for the same have been discussed.

Amongst Hindus and Muslims, the incidence of filarial infection and disease
were neariy the same.

The factors like migration of persons [rom the filarious areas to the town and
the establishment of water-works without consideration for the drainage, leading
=0 the spread of the disease, have been discussed.
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A SIMPLE MEDIUM FOR LABORATORY REARING OF
HOUSEFLY MUSCA DOMESTICA NEBULO FABRICIUS,
WITH SOME OBSERVATIONS ON ITS BIOLOGY.

BY
B.i.. WATTAL,
M.L. MAMMEN
AND
NI, KALRA.
(Malaria Institute of India, Deihi.)

{September 28, 1954.]

INTRODUCTION.

Tue common housefly is one of the few widely used insects for experimental
work, particularly for testing of insecticides. Attempts to maintazin laborstory
solonies of the housefly, Musca domestica®, throughout the year started with the
work of Grady (1928) who reared larvae on horse manure and yeast and maintained
the adults on a mixture of milk, bread, sugar and yeast.

Richardson {1932), used a larval medium composed of 200 gm. alfzlfa, 400 gm.
wheat bran, 10 gm. yeast and 16 ml. malt in a litre of water : and for the adult flies
he used milk diluted 50 per cent with water to which a 40 per cent solution of
formatdehyde in proportion of 1 o 1,500 may be added to delay the souring of the
milk. Among other housefly breeding media are those of Eagleson (1243) who used
crimped oats and water fot larvae; and a mixture of 500 ml. water, 10 gm. shredded
agar, 200 gm. pulp of ripe banana, 130 gm. sugar, ! litre skimmed milk, 05 ml.
formalic and 25 gm. gelatin for adults, and Basdon (1947) who modified the
Richardson's media for better results. More recently, Deoras {1954} used the
following medium for rearing Musca domestica nebulo. For larvae he used a mixture
of wheat-bran 10 parts, quaker vats | part, yeast water (4 tablets of 4 grain each
in 200 ml. of water), water 50 ml. ; and for aduits a mixture of milk 5 gm., cane
sugar 10-15 ym, fresh banana 25 gm., agar 1 gm., formalin 2 drops and water
260 mi,

For mass rearing of flies in the laboratories, the breeding media and methods
used by various authors are tedious and expensive, In the Malaria Institute of
India, colonies of housefly have been maintained successfully since 1950 using
cheaper materials and simpler methods. This paper compares the M.I.I. medium
to that used by Deoras (1954), in order to provide an economic and easy-to-handle

= FEarlier workers did not mention the sub-species dealt under the specific name,
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Y76 Rearing of Housefly Musca Domestica Nebulo Fabricius.

method for workers in need of large supphies of houseflies of known age for experi-
mental work. Details about some aspects of the biology of the housefly are also
ncluded.

MATERIALS AND METHODS,
i. INSECTARY.

The Ay colony* is housed in 4 room 8 feet wide, 10 feet long and 12 feet high.
The room is provided with two entrances on opposite sides. FEach entrance has 2
door with glass panes outside which is a wire screen door. Normally one entrance
remains closed. There is no control for maintaining constant temperature and
bumidity. However, during summer ice-slabs are put to lower the temperature and
an electric heater is provided during winter months to raise the temperature. The
humidity in dry months is provided by spreading water-soaked gunny bags directly
ander the electric fans. Under these conditions the temperature ranges between
T F. {winter) to 90° F. (summer) and the relative humidity 85 to 82 per cent.

The work is done with the help of day light that comes through the glass
sanes of the doors and the skylight.

During the period when sun is bright, light is cut off by closing the wire-
sereen doors,

2. REARING CAGE (FIG. 1),

Various types of elaborate and expensive cages have been used in rearing
aduit housefly in the laboratory (West, 1951). However, in the Malaria Institute
of India simple one-foot cube wire-frame cages are used for this purpose. The cages
sre made from six one-foot-square wire-frames {Fig. l-q, b) tied together, upon
which is fitted a muslin cage provided with a sleeve {Fig. 1-¢) on one side, and open
on the other side (Fig. 1-d). The open side is closed by means of a string and the
sieeve is also normally closed except for intreducing or withdrawing the live flies
sind removing the dead ones. A petri dish containing cotton pad of 2} inch diameter
and soaked in dilute milk powder is placed at the botiom of the cage to provide the
nourishment for adults as well as the medium for oviposition.

A large number of such cages can be stored conveniently, when not in use.
When a1 large number of flies are needed for experimentation, the number of such
vages can be increased conveniently, The cages are cheap to make and can be
rrequently cleaned.

3. BREEDING POTS.

The farvae are reared 1 earthen bowls of 8 inch diameter and 2 inch height.
The how! with the maggots is kept inside a one-foot-square wire-frame muslin cage,
described above. The bowl Is kept on a block of wood to prevent the muslin from
hecoming moist.

T3 Colony maintained by the Entomology Section at the Malaria Institute of India (M.I.1},
Deihi.
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Fig. No.!

I """'""“_7"“"'"'"__*7

Hotsefly vearing wuige.

fa}  Sin wire frannes gsed for | cage (b} wire frame of the cage;
i) depicting sleeve in the mushin cage 1 id)  the open end with string.
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Rearing of Housefly Musca Domestica Nebulo Fabnicius,

1. FQOD.
For aduits, milk powder {Amul powdered whole milk of Milk Producers’ Union
Lid., Anand. Bombay} in water in the ratio of 1 : 7 is used. The eggs are also
deposited on the same medium as mentioned earlier. The larvae ure reared in
wuttonseed cake {4 0z.) soaked for 24 hours 1n water {8 oz.) before use.

6. METHOD ADOPTED FOR REARING.

1) (o W adule Hies are introduced it an adult rearing cage. The eggs are
taid on the cotton wool pad soaked in adult food. This pad is removed every
24 hours when a fresh pad is introduced into the cage. This method subsequently
ensures the age composition of the flies and also prevents souring of milk. In case
of freshly emerged flies the eggs are laid 2 to 6 days after emergence. Thke cotton
wool pads with eggs are removed to a glass jar of 4 inch diameter and 8 inch height,
and kept in batches of 5 pads in each jar. The eggs hatch within 24 to 72 hours
{summer/winter} and the larvae move to the top layers. Usually the larvae that
hatch simultaneously are removed along with the cotton wool and put on the larval
medivm.  The cotton wool pads with unhatched eggs are discarded.

For the larvae, 4 oz. of cottonseed czke is soaked overnight in 8 oz, of water in
4 farval howl and 400 to 500 maggots are introduced in each such bowi. The
aedivm usually remains soft till the larvae pupate. However, water is sprinkled on
rhe top layer whenever it becomes dry. It takes 4 to # days for the maggots to
reach the pupal stage in summer and 8 to 10 days in winter. The pupae are found
it hottom of the bowl near the peripherv®. The adults emerge in £—5 days during
summer and 819 days during winter. The life cycle from egg to adult, therefore,
: complered withih $-—22 days depending on the prevailing temperatute,

Four farval pots ensure a regular supply of 1,000 flies per day with additional
individuals to replenish the perent colony. This method of rearing is simple,
mespensive and ensures populations of known age for experimentation. The
natching of larvae, pupation, and emergence of majority of adult flies in any single
batch is simultaneous,

COMPARISON BETWEEN THE M.LL AND THE DEORAS {1954)
FL.Y BREEDING MEDIA.

1) Ldrwad media-~Freshly baiched housefly larvae in batches of 3¢, 100 and
#0 were :ntroduced in equal quantities of cotton-seed cake (M.LE} and wheai-bran
(Deoras, 1954} larval breeding media. The results of some of the experiments
catrried out are indicated in Table I. It was observed that the duration of develop-
mental period from egg to adult was similar in the two cases. However, the majority
o pupation and adult emergence took 24 to 48 hours less in case of cetton-seed
vhan wheat-bran media. From Table 1, it can be observed that invariably a higher

* In some of the experiments reported in this paper, larval food was kept in petri-dishes. In
suh cases, the petri-dishes have to he embedded in soil to allow the larvae to migraie for pupation in
the soil.  Therefore, it is an advantage to use carthen-howls to prevent larvae from wandering arcund
ire the laboratory, Tt also does away with the soil and helps in keeping the insectary tidy.
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184} Reuring of Housefly Musca Domestica Nebulo Fabricius.

vereentage of adults was obtained on the M.L1, medium as compared to the Deoray’
medigm.

. i) Adult media.~From the Hy colonies maintained on the ML and the
-De@;@s media, larval/adult batches of 25 females were isolated after mating o
studirthe effect of respective adults on their biotic potential. The flies were confined
singly in 3 inch X 1 inch glass tubes containing respective media at the bottom and
srovided with cotton wool plugs ut the open end. The fond was covered with
moist black cotton cloth to facilitate counting of the esgs. Only those Hies that
‘aid eggs within 24 hours, were considered. Cases, where the eggs hatched before
counting, were discarded and the average number of eggs were assessed from those
subes where the eggs had not hatched. The results, which are indicsted in Table I,
demonstrate that the number of egas laid by females bred out and maintained on the
two media is almost equal and there is no particular advantage by using a2 more
2xpensive adult media and at the same time more difficult to prepare.

(41} Biotic potential.—~Obgervations were also made on the frequency and
wotai number of eggs laid by a fiv during its life time when reared and maintained
25 two different media under comparison.  Single male and female individuals were
vaired after emergence in 8 inch X8 inch wire-frame muslin cage, on the pattern of
she 1egular breeding cage used at the Malaria Institute of India (M.1.1.} and fed on
the respective media. Three such pairs were maintained an each medium and the
resuits obtained are given in Table 111

Tasez 111,
Avetage number of eggs laid by o housefly during s lfe time using the M.LL
and the Deoras’ media.

: . NuMBEN OF £065  LONGEVITY (AVERAGE
Serial Media Nun}‘l}):rh;\:"tdays ! Hatches of | PER FEMALE ! : TN DAYS)
sumbet, R eggs laid, B I e e
ovipostion. . ' Tota!. I Averaqe Ma[e ' Female-
b ML 4 T .F 581 i 95 29
* © Deoras” | Be1 . 6 ; l 113 | 37 17 27

T' TOm the ddta obtamed (Tdbie III} it is evtdent that Hles br{:d on tiw M 1N
mwediuin have higher biotie potential and live longer than those bred on Deoras’
medium. The flies in either case laid eggs till their death and did not show any
periodicity in ovipasition. The frequency of oviposition and the number of eggs
ner batch became less as the flies grew older in both cases.

tivj  Longevity of adult housefly tn the laboratery.—West (19511, while
cosuncenting on the longevity of housefly, mentions, “In the height of summer, it is
Joubtful if flies ordinarily live longer than two or three weeks. At lower tempera-
‘ures, however, this may probably be extended to as much as three months. If
there s true hibernation of adulis, such individuals must, presumably, tive even
tonger,”  This, of course, largely applies to the housefly. under natural conditions.
In the laboratory, Deoras and Ranade (1987) found that during hot months fies live
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from about 28 to 30 days and in the cold months the flies may jive as lopg as
70 days. This could be true in a lsboratory with wide range of temperature.

Experiments conducted during July to October, when the temperature in the
lahoratory ranged between 75°F, io 90°F., showsd thot flies survived for 37 days
when kept on the Deoras’ or the MLIL media. Groups of {reshly-emerged 59 adult
male and female fies each were confined in a breeding cage and kept on two kinds
of adult food. The per cent survival rate was recorded alter every 24 hours till the
tast surviving fly died. These experiments were followed through the period
mentioned above and the results are incorporated in Table IV and Graph |, The
mortality in the two sexes was about equal for the first two to three days after
anergence. Afterwards, the males died much guicker than the females, particularly
when Deoras’ medium was used.  Fifty per cent of the flies died within 10 o 13
days after emergence.

Tance V.
Luugevity of aduli housefly on the Deovas” and the M L. media.

———

SURVIVAL RATE PRR CENT
Berinl Days after Preoras’ media. M.LL media.
number. l cinergende. I . B D
! Male, Female. Male. | Femafz.
1] 2 94.0 93-0 9140 RUAT)
2 i 3 BT} B8R0 B30 R0
K ! i a1} Biet) Tyeh #3=)
4+ 7 B S 790 870 Bl
5 ! 4 B Fipeld Blial) 4G«
g 10 480 i 6iyid 441y bla
7 i 13 i 32.0 : 460 4000 4703
R 17 160 : 040 L4 : 20.0
4 2] 10 2801 [RENT) 174}
W 24 fie'} LEPS EXI] 7.0
i P 4 0 Tel} R fal}
1z 29 ; 2.0y §-5} I+0) 340

L5 S 37 i 0 ! £heid I 00 _ iy

Tn case of flies maintained on the ML medium, the survival rate in females
was less than those kept on the Deoras’ medium.  This seems to indicate that flies
with higher biotic potential may have a lower survive! rate.  Furthet experiments
are envisaged to study this aspect.  Graph | shows that the decline in survival rate
tollows more or less a linear pattern in both the sexes on either media.

SUMMARY.

& simpie medium lor the lsboratory rearing of housefly, Musca domestica
nebuio, that has been in use at the Malaris Tastitute of India since 1950 has heen
described.  The medium consists of cotton-seed cake soaked in wuter for rearing
the larvac and milk powder-water solution for rearing the adults. The method used
s simpler than those used by other authors and the materials are cheaper. Four
earthen pots. each holding 4 oz cotton-seed cake soaked in 8 oz, of water in which
430 to 500 maggotls are introduced, ensure 100U flies per day for experimentation.
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Al stages of flies of known age can be obtamed by this sucthod.  The medium s
compared with Deoras” (1948 { 1934) rearing mediam and it has been observed that
a higher number of adults were obtained on the M.]. 1. medium than on Deoras’
floc. cit) medium.  Also, the flies bred on the M.L1 medivm had a higher biotic
votential, but a lewer survival rate. Further experiments are envisaged to study the
relationship beiween biotic potential and survival rate.

Observations revealed that during July to October the flies lived for 37 days
alter emergence when equal number of mates and females were kept in the breeding
<ages on two types of media used here. The survival rate declined progressively and
showed a straight line relationship.
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A PRELIMINARY NOTE ON COLOUR PREFERENCE FOR
OVIPOSITION OF MUSCA DOMESTICA NEBULO FAB,

ny
B. 1. WATTAL
ANy
M. L MAMMEN.
(Malaria Instiiute of India, Deihi.’
{Sepurmber 28, 1459.]

Many workers have made observations on the colour response of adult house-
flies. Awati {1920} exposed fies to coloured lights provided with tanglefoot and
vecorded that yellow was the most atiractive colous followed by blue, orange, green,
red and vielet in order of mention. o

Somewhat different results were obtained by Waterhouse {1948} who counted
Aies resting on various coloured removable corners i a Peet-Grady chamber, He
found that red was most commenly preferred, with dusky blue a second choice.
Yellow and medium-gray surfaces were equally popular as third-choice colours
followed by green. light gray, sky blue and white respectively. However. so far;
1o ohszrvations were made on the colour preference for ovipasition of the flies. The
present note indicates the result of preliminary observations made on this aspect of
the bionomics of Musca domestica nebule in the laboratory.

Four to five days old female houseflies in numbers of ten were Introduced in
1 % I foot wire-{ramme muslin cages* in which was pliced a photographic dish con-
waining cotton wogl pads soaked in milk powder-water solution in the ratioof k1 : 7.
The cotton wool pads were wrapped ip moist cotton cloth of following colours 1—~

Serial number Colour
1. Peep red.
iz, Light red,
3. Blue.
4. Deep brown.

5. Light brown.
. Yeilow,

i Black.

3. {ireen.

4, White.

* Described elsewhere by Waital 2t of. {18958).
185




18¢ Owiposition of Musca Domestica Nebulo Fab,

The arrangement of different colours in the photographic dishes was made as
Yollows ~—

A B
i3 7 b7 od
2 5 8 39 6
3 4 09 5 2 %

L b
3 5 6 5 3 8
3 t 4 g 4+ @
29 7 71 2

Three experiments, with 3 replicates zach, wete made using colours i four
permutations {A, B, C, D) as indicated above. The eggs, which were invariably
faid in the foldings of the wrapper-coloured-cloth, were counted after 24 hours,
aiter the flies had been introduced in the cages. The results obtained are indicated
i Table T and Chart 1.

FasLe 1.

Uolour preference w oviposition of Musca domestica nebulo.*

NUMB!:‘.R EGGS IM DIFFERENT :, -
OF | Total

1
!
; i Orderof
Se:}};; ¢ (olours used. PERMUTATIONS. aumber of mﬂ:‘i};ﬁg“ i colour
samber. | e e RUTBER orefecence
T T L T B - T _
! 1 Deep red | sz | 298 . 433 Loo1sl i 1,242 13.9 2
2 Light red 126 63 257 1T 543 Gt} G
3 ¢ Blue 47 W 17 246 | 339 87| 8
t - Deepbrown 107, 346 297 ¢ 148 898 B0 4
i Light brown ;227 . 268 B46 , 828 967 0.6 3
i - Yellow : 41 153 94 .. 185 j 1.4 )
;i Black CLIOg P 798 832 : 1,015 2,679 | 40 ¢ t
3 ! Green oL, . 278 208 81 436 : 38 ; 7
¥ White T 149 TUNEE s 82 5
Toral L 2,228 2,240 | 2,333 ! 2303 | on2 | 1000 ; .

i

*99 female fies each were used for different colour pertautations.

Wack was the most {avourite colour for oviposition in all the four permuta-
gung.  #0-4 per cent of the total eggs were Jaid on black surface.  This is perhaps
to be expected as this colour compares favourably with the colour of breeding sites
in nature. There was no marked preference for any other colour.  Afier black,
Jeep-red and Jight and deep brown colours were preferred in order of mention.
Yellow proved te be the least atiractive colour. It seems that black colour may be
used in preference to white for oviposition in laboratories as st will be easier to
vount eggs or larvae for experimental purposes against this background. Further
zxperiments are being conducted on the probable effect of different colours on
the uliimate egg production.
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DISTENTION OF THE ABDOMEN OF CULEX FATIGANS,
A SIGN OF ACUTE POISONING BY GAMMA BHC¥,

13 4
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AN}
B.N. MOHAN.
{ Maluria institute of India.)
iOcweber 22, 1059,
INTRODUCTION,

In the zourse of observations to detect cross-resistance to gamma BHC
in a DDT-resistant strain of C. fatigans, it was noticed that in some of the
specimens exposed to gamma BHC the abdomen was visibly distended. The
distention was noted only among the mosquitoes that were knocked down.
No record of a similar observation with reference to mosquitoes was traceable
in the availabie Literature. However, Brown (1951) has referred to the work of
Pasquier {1947) who noticed abdominal distention in desert locusts poisoned by
gamma BHC.

It appeared that abdominal distention iIn mosquitoes may be a readily dis.
tinguishable sign of toxicity due to gamma BHC. Systematic studies were, there-
fore, planned to understand the significance and the nature of this abdominal
distention.

THE NATURE OF ABDOMINAL DISTENTION.

Fully and half distended mosquitoes were readily spotted with naked eye.
The presence of air bubbles could be made out in the ventral diverticulum through
the pleural and intersegmental membranes. The air bubbles could be more easily
seen if mosquitoes were fed on coloured solutions before exposure to gamma BHC,
In fully bloated mosquitoes the membranes were stretched and the ventral diver.
ticulum was in close apposition to the abdominal wall, thus showing the bubbles
easily. The distention of the abdomen was found to vary from slight, medium, to
a point of rupture.

The bloated mosquitoes appeared as if they had swallowed air. The proboscis
was otienited more or less like that of a2 mosquito in the act of taking 2 blood meal.
The labtum was bent like a2 bow while the stylets were sticking out (Plate I,
Flg 1and 2) It appeared posmble that the eﬁ'ect of the insecticide resulted in

¥The investigation was in part ﬁnanc.ed by a grant from 1he Indian Council of Medical
Research:
(189)
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the mosquito swallowing air which hlled the fore- and mid-gut if empty, and later
the oesophageal diverticulae. A similar sequence of events, resulting in the
presence of ait in the gut and diverticulae of the adult mosquitc at the time of
hatching from the pupa, has been described by Marshall and Staley {1932).

Tt was confirmed by dissection that the distention of abdomen was due mainly
i the distention of the enlarzed ventral diverticulum which was found extended
backwards up to abdominal segment VI. The abdominal contents, like blood in the
stomach, or eggs in the ovaries situated above the ventral diverticulum, were
pushed backwards and upwards. At the same time, the pleural and intersegmental
wmembranes were stretched. In other words, about two-thirds of the ventral agpect
of the abdomen became semi-transparent, and gave a characteristic appearance to
the bloated mosquitoes (Plate I, Fig. 1 and 2),

The ventral diverticulum in bloated mosquitoes was found te contain some-
tires gmall air bubbles and at others a single large bubble, elongate. cask.like or
rounded in appearance. The normally brisk peristaltic movements of this sac were
ifound to be slow, when distended in paralysed mosquitoes,

Distention was best observed in unfed mosquitoes. In fully gravid females,
nne o two eggs were found forced out of the genital aperture (noticed in anophe-

lines). Distention was relatively less marked in females containing half digested
lood,

The two small dorsal divertictulae also showed a little increase in size. In
this condition it was found difficult to pull them out intact from the thorax during
dissection.

The fore-gut was found to contain ait bubbles of medium size. Scmetimes
it showed 4 large bulge, if the mid-gut was already full of blood. When empty, the
mid-gut was also seen distended with air. In extreme cases the mid-gut became
rounded in shape and difficult to recoghise as such but for the presence of the
Maipighian tubules.

DEGREES OF DISTENTION.

Preliminary observations were made tv determine different degrees of
abdominal distention. On the basis of these observations a classification of the
condition was arrived at, which is given below uand followed throughout the
experiments related in this paper.

Normally, the size of the abdomen of a mosquito varied according to its
contents. The range is from (a) small, containing neither food nor mature ova;
{b} rnedium, containing mature ova and no meal or half digested rpeal and pastially
mature ova and {¢) maximum, when freshly engorged with bloocd. The abdominal
distention obsetved in mosquitoes exposed to gamma BHC way of a higher
magnitude {about twice) than the maximum size of the abdomen observable in
mosquitoes engorged with bipod (Plate T, Fig. | and 2}. The degree of distention
of the abdomen in mosquitoes exposed to BHC was classified as follows :
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Haif distended state comprised mosquitoes with abdominal size {cross-section)

increased to about 13 to 2 times and fully distended state to more than twice the
original size,

MATERIALS AND METHODS.

Mosquitoes for the experiments were obtained f{rom the parent colony of
nwrmal C. fatigans and another colony of the same species resistant to DDT main-
tained at the South India Branch of the Institute. The degree of resistance to DDT
of the latter strain was very high and not measurable by any available method. The
adults of this colony could be maintained in continuous contact with DDT. The
DDT-resistant mosquitoes, used in the experiments, were of generations 82 and 83.

The mosquitoes were fed either on glucose or blood before exposure to the

insecticide. The actual condition of the feed is indicated in the text where
refevant.

The filter papers were treated with gamma BHC (lindane} according to the
method of Busvine and Nash {1953 : 1954), The dosage and period of exposure
varied as indicated in the text. The observations were made mostly once at the
end of the exposure period and again 24 hours after the exposure. Measures were
strictly observed to eliminate contamination of the laboratory outfit by insecticides.

RESULTS OF EXPERIMENTS.

It was considered essential to observe the proportion of notmal mosquitoes
that showed abdominal distention after exposure to lindane. Different dosage
levels and periods of exposure were employed. Not less than 28 adult C. fatigans
{normal) were used for each dosage of exposure to papers treated with 0-025 to 02
per cent lindane. Observations for each dosage level were replicated at least 4
times. In this experiment observations were made only 24 hours after exposure to
insecticide. Table I below gives the average per cent mosquitoes with distended
abdomen of the number exposed to different dosage levels.

Tapre 1.

Percentage moriality and incidence of abdominal distention in novmal blovd-fed
2. fatigans 24 hours after exposure to diffevent dosages of lindane. Exposure
period one-Tiour.

f PERCENTAGE OF MOSQUITOES WITH
Yer cent i Pe ARDOMINAL DISTENTION &
. : f T cent - o I
‘ot Tindane, | mortality. Maf | Fully | Total
i | distended. | distended. | distended.
e em e - B e S
0+025 ] 38 : 0 . 0 | 0
[LRIE] | 2 1] i i !}
01 i 82 1 ; + i i

02 | 90 IR T B
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1t is seen from Table | that as would be expected, the morality increased
with the dosage. As stated before, the abdominal distention was noticed only
in the dead mosquitoes. At the first two levels of dosage, however, none of
the dead mosquitoes showed any degree of visible abdominal distention. With
higher dosages and higher mortality rates, increasing proportions of the dead
mosquitves showed abdominal distention. The maximum propertion showing
distention was with the highest dosage {(2 per cent) vielding almost 100 per cent
mortality.

Even when the mortality was almost 100 per cent, only a proportion of the
dead mosquitoes showed a distended abdomen. It, therefore, seemed necessary to
investigate whether the incidence of abdominal distention in mosquitoes was related
tv {1) any particular dose, or (2} the time of exposure. In order that the distention
»f the abdomen could be readily observed, all the normal C. fatigans used for the
present as well as the subsequent experiments, were fed only on glucose water. The
observations are recorded in Table 1],

Tapie 1i.

Percentage mortality and incdence of abdominal distention in glucese-fed normal
C. fatigans exposed to different concentrations of gamma BHC (tindane} for
different periods of exposure.

Per cent | Exrosurs Per cent | PERCENTAGE OF MOSQUITOES WITH
Serial COBCQ‘.ln:::ti on | PERIOD. n)mrtality ABDOMINAL DISTENTION.
number. | gamma BHC | "7 7 [ 4 ?t%“m Immediately | 24 hours after
{Lindane). Hours—-Minutes alter after exposure 1 exposure to

L expostire. tolindane. i lindane.
1 0:025 4 — 50 95 0 | 6
2 003 4 -— 40 80 0 } 10
3 1Y 2 o~ 20 83 20 25
4 0425 1 - 65 95 50 { 30
3 5 0 55 25 85 { 56
5 18 0 — 30 {51 70 ! it
7 2.9 0 - 20 100 75 : 45

Note : Distinction between half and lully distended abdominal condition was not made.

1t is seen from Table II that in all the 7 series, the mortality was high,
ranging from 80 to 100 per cent. In genersl, a larger number of mosquitoes
showed abdominal distention at the end of the exposure period than 24 hours after
the exposure. The proportion of mosquitoes showing abdominal disteation was
negligible in series 1 and 2 where the dosage was low but the period of exposure
prolonged. As the dosage increased and the period of exposure decreased (Series
3 to 7}, the proportion of mosquitoes with abdominal distention increased both at
she end of exposure and 24 hours after exposure. I, therefore, seemed that the
soncentration of the insecticide per se causing 100 per cent mortality was not
responsible {or the manifestation of abdominal distention, but the amcunt of insecti-
gide absorbed by the insect in unit time. In other words, the higher the dose
absorbed in unit time the greater the proportion of mosquitoes that had distended
ahdomen,
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As the disteation of the abdomen was manifested in a larger proporuon of
wosquitoes immediately after exposure than after 24 hours, it appeared that in
some mosquitoes at least the distention was reversible before death.

It was obvicus from the foregoing that a large proportion of normal C. fatigans
manifested abdominal distention under gpecified conditions of exposure to lindane
described in Table II, The distention appeared to be & toxic reaction to the
insecticide. A logical question was whether the same toxic manifestation to the
insecticide would occur in mesquitoes which were resistant to the insecticide. As
a strain of mosquitoes specifically resistant to Hinddne was not readily available, the
DD T-resistant strain of C. fatigans was used for fusther experiments. It had already
heen found to be cross-resistant® to gamma BHC in the zbsence of any previous
exposure to the insecticide,

Adult mosquitoes from the DDT-resistant colony were exposed to papers
treated with lindane as described in the previous experiments. In order to obtain
some mortality, the period of exposure was increased to 15 hours at dosages
ranging from 0-025 to 0-2 per cent. The results are presented in Table IiL

TasLr 111

Percentage mortality and incidence of abdominal distention in blovd-fed DDT-resistant
Icvoss-resistant to gamma BHC) C. fatigans 24 hours after exposure to diffevent
concenirations of gamme BHC {lindane}. Exposure period I} hours.

i PERCENTAGE OF MOSQUITOES WITH

Per cent Per cent ABDOMINAL DISTENTION :
__m??némmn  mortality, F Hnlf R, Fu;ly e Tmaz .
of lindane, : : 1
: a‘a’stcnded‘ clastendvd i distended.

0025 | o D 0 ' 0

905 ) | L { o ! o

i1 : 16 , 4 i ) 4

e | 36 t 4 3 E ¥

L

From the ahuve Table III it would be seen that for the same doses, but
with a longer exposure period, the mortality rate was much less in DDT-resistant
mosguitoes (cross-resistant to gamma BHC) as compared to normal ones (Table I).
Similarly, the percentage of mosquitoes showing abdominal distention, out of the
total exposed, was significantly less than that in normal mosquitoes (Table I). Tt
was hecessaty to determine the results of exposure of resistant mosquitoes to a
higher range of concentration. Table 1V shows the results of such exposures.

The results {Table IV) showed that exposure to 2-0 per cent concentration of
lindane for one hour gave a mortality of 76 per cent. But the percentage incidence
of abdominal distention was only 30, a figure lower than 42 per cent in normal
mo‘;qultoes at 2 dose {0 times lower {Table I) The results seemed to Lonﬁrm tbat

. MLC ofhnda.ne for normai C far:gam was 0 03 per Lentxl thour}.
MLC of lindane for DDT-resistant C, fatigans was 071 per cent X 1 fhourh
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Tasre IV.
Perceniage mortality and incidence of abdominal distention in blood-fed DDT -resistant
icross-resistant to gamma BHC) C. fatigans 24 hours after exposure o different
concentrations of gamma BHC {lindane). Exposure peried I hour.

|
i PERCENTAGE OF MOSQUITOES WITH

3
i
Yer cent i
i
i

P ¢ : ABDOMINAL DISTENTION.
goncentration mostalitg, 1 e
of lindane. y- Half Fully |  Total
; | distended. distended ! distended
0.25 | 22 l 8 8 | 12
05 | 46 14 4 18
) : 58 \ 18 10 ; 26
20 ! 76 ! 10 20 : 30

only 2 small proportion of mosquitoes of the resistant strain showed the toxic effects
of the insecticide and, therefore, the toxic manifestations did not occur in
mosquitoes with a considerable degree of resistance.

The above observations showed that the incidence of the toxic sign of
abdorninal distention after exposure to lindane was different in normal mosquitoes
from that in a strain resistant to DDT with cross-resistance to BHC. It appeared
logical to examine the utility of this toxic sign to detect the presence or absence
of resistance to BHC in a population of mosquitoes with an unknown susceptibility
status to BHC. This could obviously be carried out in the laboratory or field. As
an initial step the trial was made with mosquitoes of the two colonics, namely
normal and DD T-resistant C. fatigans.

Instructions were given to a technician to mark mosquitoes of the two colonies
separately with distinctive printers’ dye powders, namely, gold and silver. The
number of mosquitoes to be marked and the choice of the colour of the dye powder
for each of the two strains were left to the technician and were unknown to the
authors. The dusted mosquitoes remained undisturbed in separate cages for
34 hours. The usual glucose feed was available to them. This interval ensured
that any loose particles of dust would be shaken off the bodies.

The day after the dusting, the two sets of mosquitoes (numbering 104) were
released into one cage and expesed in batches to papers treated with 1 per cent
lindane for 15 minutes. After the exposure they were released into a clean cage.
At the end of 24 hours, 84 mosquitoes were found dead and the remaining 40 were
tound living and flying normally. Each of the dead mosquitoes was carefully
examined for the marking. Twelve were found to have gold dust and the remain-
ing 52 silver dust on them. Among the 12 with gold dust, none was observed with
any visible abdominal distention. Qut of the 52 with silver dust, however, 8 were
found with half distended abdomen and 14 with fully distended abdomen. The
remaining 30 with silver dust did not show any abdominal distention. This
might mean that the normal strain used for these studies was perhaps not homo-
geneous for susceptibility. This aspect of the problem, however, requires further
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studies. The 40 mosquitees found alive were killed and examined for their marking.
Thirty-eight of them had gold and the remaining 2 silver markings. The data are
tabulated for convenience in Table V.

TasrLe V.

Percentage mortality und incidence of abdominal distention in o mixed batch of normal
and DDT-resistant (cross-resistant to gamma BHC) C. fatigans females exposed to
T per cent concentration of lindane for 13 minutes.

OpservaTions 24 HOURS AFTER EXPOSURE,

. Catigans wivai ' Number with | Percentage with
. Jaigans srain ; : " Per cont abdominal abdominat
marked with, ELiving.;: Dread. | Total. . e oﬂality. d:stenuon: - distention.
H|F{T{H|FIT
B I L T e - SR i DT LU il AR
DDT-resiatant | 121 50 24 @i 6 e al af e
{Gold powder) | ;
Normal P2 5 5¢ i B 040 22 [ M 26 | 40
{Silver powder) i f : ' :-

H = Half distended.

¥ = Fully distended.

T = Total distended,

At the specified dose and exposure period, abdominal distention was seen in
492 out of 52 dead mosquitoes with silver dust and in none of the 12 dead ones with
aold dust. Tt appeared, therefore, that the mosquitoes with gold dust were resistant
10 Jindane judged solely by the absence of the toxic sign of abdominal distention.
This was verified by the technician who had marked the mosquitoes.

DISCUSSION AND CONCLUSIONS.

Two clear-cut findings in the course of the series of experiments described
were, (1) in a proportion of C. fatigans dead due to exposure to gamma BHC the
abdomen was markedly distended, and (2) in each one with distended abdomen
the proboscis showed the characteristic appearance of that of a mosquito taking a
blood meal. As stated earlier, this finding in reference to mosquitoes has not been
reported in literature.

The distention of the abdomen was confirmed by dissections to be solely due
1o the presence of air in the cesophageal diverticulae and gut, chiefly the larger
ventral diverticulum. The assumption that it was air that flled the diverticulae
scemed justified by the characteristic appearance of the proboscis in mosquitoes
with distended abdomen. No specific tests were made 1o confirm this. Apparently
aerophagy had occurred as a result of lindane poisoning. The mechanism of the
acrophagy essential to the hatching of the adult from the pupa (Marshail and
Staley, 1932 loc. cit.) and an identical state as a terminal toxic manifestation in the

vase of lindane poisoning, are not understood,
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Exposure to small doses over prolonged periods did not result in the toxic
manifestation of abdominal distention or the characteristic appearance of the
nroboscis although such exposure ultimately gave rise to 100 per cent morzality.
I+ appeared that the abdominal distention and the characteristic appearance of the
proboscis were signs of “acute” and not “chronic” toxicity., This would seem to
be confirmed by the evidence that a proportion of mosquitoes which had abdominal
Jistention and the characteristic appearance of proboscis immediately after the
period of exposure, recovered from both the signs 24 hours later. It also seemed
~lear that the toxic manifestations were directly dependent on the dose of insecticide
ahsorbed in unit time. It appeared that the largest dose that effected a 160
per cent knockdown in the shortest exposure period caused the acute toxic symp-
toms in maximum numbers of exposed susceptible mosquitoes. It is, therefore,
suggested to explore the possibility of using this sign of acute toxicity for quick
detection of resistant individuals in a mosquito population in the field.

Preliminary trials with a few adult Anopheles (males and females) species
isubpectus, vagus, varund, jamesi, splendidus, pallidus, stephensi®, fluviatilis*) and
Aedes aegypti* indicated that abdominal distention and the characteristic appearance
of the proboscis were signs of acute toxicity in these mosquitoes also, when exposed
vo BHC.

Under similar conditions of exposure to lindane the signs of acute toxicity
sccurred in a smaller proportion of BHC-resistant mosquitoes than in normal ones.
This was presumably due to the physiological capacity of the resistant mosquitoes
to metabolise the insecticide rapidly.

SUMMARY.

Two hitherto undescribed signs of acute toxicity to lindane were noticed in
(.. vatigans. One was distention of the abdomen almost to a point of rupture. The
other was the characteristic appearance of the proboscis similar to that of a mesquito
taking a blood meal. Both the signs were noticed only in moribund or dead
mosguitoes.

Dissection of mosquitoes with the signs of acute toxicity showed that the fore-
gut, mid-gut (if empty) and cesophageal diverticulae were filled with air. The
appearance suggested aerophagy.

The manifestations of the signs of acute toxicity appeared in the largest
propoction of exposed mosquitoes when the dosage was high and the period of
exposure short,

Under identical conditions of exposure the signs of acute toxicity were found
i 2 very small proportion of mosqguitoes resistant to lindane, as compared to
normals. The possibility of exploring this sign of acute toxicity for quick detection
uf resistant individuals in a2 mosquito population, has been discussed.

*}.aboratory colony straing.
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(DIPTERA : CULICIDAE)
Y
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{December ¥, 195.7
INTRODUCTION,

Various factors may lead to the withholding of eggs in the ovary. This
phenomenon may be induced by the absence of an obligate type of oviposition site,
low temperature, confinement, crowding, unsuitable relative humidity, application
of insecticides, lack of spermatozoa in the spermathecae and other interactory factors.
The prolonged forced retention of eggs has been demonstrated among various
species of insects belonging to the orders Lepidoptera and Hymenoptera, but very
few papers have been published on work concerning mosquitoes. Fielding (1919}
veported that fully formed eggs might not be deposited in the absence of water or
a moist surface. He believes that the gravid female will retain her eggs until her
death or until the conditions hecome favourable for oviposition. Nicholson (1921),
Barber, Komp and Hayne {1924) and Mayne (1926} reported that anopheline
mosquitoes, although frequently reported to have taken bloed during warm periods
in winter, are believed to delay oviposition during cold periods until the temperature
is favourable. Senior White ¢t al. (1945) suggested that anophelines under certain
laboratory conditions may defer oviposition in the absence of more suitable water
than that provided by wet blotting paper.

Woke (1955) reported that Aedes aegypii Linnaeus retain their eggs in their
ovaries indefinitely in the absence of an obligate type of oviposition site, He
studied the effects of deferred oviposition on the development and the viability of
the eggs. In many cases, however, retardation of oviposition takes place without
any certain or known causative condition. Roy and Majumdar {1939) found in
Culex fatigans Wiedemann that though eggs were formed within three days, and
though water was present, their deposition was delayed as long as 13 to 19 days
after the blood meal.

The oviposition in Culex {Barraudius) pusiffus Macq. occurs normally in the
presence of water or a moist surface. Under favourable conditions for oviposition
Culex pusillus usually produces one or two egg rafts after each blood meal of pigeon
blood, the viability of which wusually approaches 100 per cent (Shalaby, 1958}

* Present address: World Health Organization Entomologist, Advisery Team No. 2 for
: Malaria Fradication in India, Baroda (India},
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The individual eggs in each mass are all deposited normally and develop more or
tess simultaneously.

The study reported in this paper was done with the aim to determine the
consequences of prolonged forced retention, on the eggs and on the adults, due to
the non-provision of oviposition sites in the Jaboratory.

METHODS.

A colony of Culex pusiflus was raised from wild caught farvie and pupae
collected in the suburbs of Alexandria. The colony was maintained at an average
room temperature of 24°C. and 70 per cent relative humidity. Because of the
preference of C. pusillus females to pigeon’s blood (Shalaby, 1958}, pigeons were
used to provide the blood meals for the females, whereas cellu-cotton soaked in
1 per cent glucose solution was provided as nourishment for the males.

It was observed that this species laid eggs on any moist surface, such as glucose
souked cellu-cotton, ete., in the absence of water surface. Therefore, some modifi-
cations as those adopted by Woke (1955) were used to provide nourishment for the
males, The 10 per cent glucose solutien was placed in a 100 ml, inverted Erlen-
meyer flask with a covering of fine mesh cloth., Oecasional and careful blotting
was pecessary to free it of the surplus moisture. Vibrations and jarring which lead
«u the formation of moisture on the outside surface of the cloth were avoided.

About 1,500 pupae from the parent colony were distributed equally in five
nowls and let to hatch in five large rearing cages, each cage was of 15 inches length,
15 inches wideh and 15 inches height. Soon after emergence, 10 per cent glucose
solution was provided for the nourishment of the adults as described earlier. It
was noticed that the emergence of the adults was more or less simultaneous. Five
days after emergence the females were let to engorge overnight, and the blood meal
ipigeon’s blood} was provided only once in every cage. From these cages, immedi-
ately after the blood meal was taken and at the end of each six-days interval
thereafter, six females were isolated till the last of the females was dead in the
original Bve cages. These groups of females were isolated in cages of 12 X10x 10
inches, with wooden framing, wooden top and bottom, glass front and mesh wire
screening on the back and sides. In the back is 2 mushin access sleeve aboyt 30
nches long. The cages were provided with the oviposition dishes. Although
. pusilfus is known to mate immediately after hatching, three males each, from the
rarent colony, were introduced in the cages containing the isolated females. This
cnsured fertilization of such females that might not have been fertilized m the
experimental cages, A control cage was maintained similarly, except that necessary
conditions for normal oviposition were provided,

The deposited egg rafts were counted, the eggs were measured and their
morphological characters noted, Qviposited abnormal eggs were separated from
the apparently normal eggs. The percentage hatchability in each egg raft was
determined. The emerged larvae were counted and their growth was watched



A, M. Shalaby. 201

closely through the different instars. The eggs that did not hatch were taken as
non-viable.

15 to 20 days after the transfer of the mousquitoes mio the cages equipped lor
pviposition, all the surviving females were chloroformed. Dissection of the ovaries,
differential counts, measurements and description of the abnormalities in the
undeposited eggs were made. The females that died in the cage were dissected and
the undeposited eggs in the ovaries were counted,

In order to determine the consequences of the forced retention of eggs on the
mortality rate of females, a group of 154, after having ingested one blood meal, were
placed in a cage where they were denied the opportunity to oviposit. The percent-
age of mortality was estimated at 30, 60 and 8¢} days after the blood meal. For the
purpose of comparison, the percentage of mortality was estimated for a similar
group which had recourse to frequent blood meals and provided with favourable
conditions for oviposition. ‘The resulis are indicated in Graph L.

Grari L.

Moriatity raies of adult Culex pusilius females which had fed and oviposited under normal conditions,
and those which were forced to retain theiv egys in the vraries.
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OBSERVATIONS.
DEPOSITED EGGS.

Noyymal deposited eggs.~The normai deposited egg is conical in form and
svenly mapered distally (Plate 1, ¢). Measurements of 150 eggs, four to seven hours
sfter deposition, gave a range in length of 801—-675 microns, with an average of
3% microns. Measurements of 100 eggs, 2 days after deposition, gave a range of
#4754 microns, with an average of 708 microns. Shrunken eggs were observed
among the egg masses deposited under normal conditions. 260 shrunken eggs
were collected from the total of 2,481 deposited eggs and they showed a range of
‘ength of 424552 microns {mean, 488 micrens). The shrunken eggs were found
to be viable but their percentage of hatchability was below 40 per cent.

In general the deposited normal eggs are uniform in appearance and regularly
srranged side by side in 2 raft which might be canoe shaped, ribbon shaped or
irregular (Shalaby, 1058). Immediately after deposition, the chorion is pale greyish
in colour. Few hours later, the colour changes to dark grey, which turns to almost
black a short period before hatching. The chorions are filled out and the contents
are more or less whitish. Among the normal appearing deposited eggs, however, a
small proportion was found to be non-viable.

Forced retention of formed eggs.-—During the successive observations of
orolonged forced retention, it was of interest to observe that the eggs were retained
in the ovaries for a period ranging from one to ten days, in the presence of pormal
ronditions for gviposition (Table I). Tt is obvious from Table II that the number
of deposited eggs decreased and the number of eggs which remained undeposited
subsequently increased. The proportion of the total number of eggs which wae
depasited after providing the suitable conditions for oviposition, is seen to have
decreased rapidly after about the 52nd day. Formed eggs that were deposited
afier retention for extended periods showed visible abnormalities and reduction in
viability. Among the apparently normal deposited eggs, the percentage of non-
viable eggs increased (Table 1),

Abnormal deposited eggs.—Eggs abnormal in appearance were deposited alung
with the normal egegs after the 12th day of forced retention. It showed a rapid
increase in number commencing from the 46th day (Table IT). On the 12th day,
soe egg in a raft of 283 eges showed an exceedingly abnormal length of 850 microns.
All the abnormal eggs deposited were proven to be non-viable. Unlike the normal
2ggs, some abnormal eggs were shrunken and failed to increase to their average
iength after deposition. A few were obviously curved (Plate 1, b). Many were
enlarged and did not gain the characteristic dark colour. Abnormal pigmentation
of the chorion varied, as in eggs with more or less black proximal half and a greyish
distal half (Plate 1, ¢). Some eggs ranged from pale grey to almost black. In several
cuses, however, the deposited eggs were not glued together to form the character-
istic egg mass of the culicines, instead they were laid at random and scattered on



diney SN

fegran easend o0 Mufaraniagy 33, 40 Deae

Praer )

s orevulierend JEe 0 s tapsitlun dley cxtenued peven ) fibend TERCHAOR,

i Nuimal deposited eyt

) Abnormal deposited ceg.
) Eyu-vorms retined in the svary T8 guys atfer the hiood meal.

gl Abnorinsl undeposited exg.



A. M. Shalaby.

TasLe L.

203

Successive groups of mosquitees provided witn the cpporiumily to ovipesit al
six-days intervals; and the number of days taken until actual oviposition occurred.
(Under ovdinary laboratory conditions of 24°C. aml 70 per cent R.H.)
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she water surface. Most of the eggs did not foat, but sank to the botiom of the
wviposition dish.

Non-viable normal appearing depoesited eggs.—Under conditions suitable for
aviposition, a small percentage of deposited eggs ranging from one to three per cent
had failed to hatch. During the series of observations, a noticeable increase in the
nnn-viability of deposited eggs that appeared normal was recorded (Table II). It
reached its maximum 52 days after the blood meal, when 139 out of 172 deposited
2ggs were proven to be non-viable, though appeared normal. It is of interest to
notice that the contents of such non-viable eggs showed a pale greenish tinge
instead of whitish, 2 phenomenon apparently characteristic of abnormal eggs.

Viable deposited egys.— Under suitable conditions for oviposition, the percent-
spe of viability of deposited eggs reached about 98 per cent. An obvious gradual
decline was noticed with the increase in the period of forced retention of eggs.
The decline was most obvious after the 30th day, when the percentage of viable
Jdeposited eggs decreased to 68-19 per cent.  After the 30th day the decline in
ner cent viable eggs was regular and significant till the 76th day, when all the
depasited cggs were non-viable {Table If). It was observed that the vitality of the
tarvae, emerging from eggs laid on and after the 36th day of forced retention, was
declining and a large number died within a few hours after hatching.

‘Incomplete hatching’ of normal appearing deposited eggs.—During the series of
abservations, it was noted that some of the normal appearing eggs failed to hatch
properly. The embryo was capable of breaking the chorion in order o emerge
half-way only. The head, thorax and a part of the abdomen of the newly emerging
irst instar larvae were capable to wriggle themselves out of the chorion, while the
rest of the abdomen remained in the egg unakle to free itself. Such larvae died
within five to ten minutes after the cherion was broken. Death was caused
nrobably due to drowning. This phenomenon occurred in the larvae emerging
‘rom eggs retained for 36, 48, 64 and 70 days after the blood meal. The percent-
sges of such eggs to the total number of deposited eggs was 4-76, 2-24, U-97 and
3 35, respectively.

UNDEPOSITED EGGS.

It was observed that no eggs were retained in the ovaries of the females six
days after the blood meal, after providing the suitable conditions for oviposition.
12 days after the blood meal, five normal appearing eggs were retained in the
ovaries {Table II}. The proportion of the total number of formed eggs which were
retained in the ovaries after providing suitable conditions, increased rapidly after
the 30th day. On and after the $4th day, all the formed eggs were retained in the
ovary {Table II}. Because of extended periods of retention in the ovarioles, an
increasing number of eggs acquired abnormal features and only 519 per cent were
normal.

Abnormal undeposited eggs.~-The abnormalities noticed were in size, shape and
zoleur in addition to the chorion malformations. The observation of the ovary of
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1 female that had carried its egps for 16 days, showed alteralion m shape and colour
in addition to cbvious disarrangement of the eggs (Plate I, d). Eggs with overly
farge size which reached up to 910 microns in Jength were found in the ovary of a
female that had carried its eggs for U4 days after the bleod meal. Abnormalities
as regards to colour, ranged from pale vellowish, greyish, light and dark browns and
black., Bome eggs were as black as 24 hours old deposited eggs. The chorion
malformation occurred from the 46th day but were especially numerous in the
{females that carried their eggs 70 days after the blood meal and longer. This varied
from semewhat collapsed chorions to chorions which were ruptured or split
{Plate 1,¢), Abnormalities as regards to shape, ranged from slightly curved, distally
bent {Plate. 1. fj or looped {Plate 1. gl

Effect of forced retention on adult mortality.—Among 150 females which had
freely taken blood meals and had been allowed to deposit their eges, eight per cent
died at 30 days, 22 per cent at 60 days and 68-2 per cent at 80 days. Among the
same number which were denied the opportunity to lay their eggs after one blood
meal, six per cent died at 30 days, 16 per cent at 60 days and 78-68 at 90 days
(Graph I},

DISCUSSION.

T'he causative conditions of withbolding of eggs among various arthropods
are unkfiown in some circumstances. The retention of eggs in the ovaries of insects
could be attributed to the inhibitory effect of the brain, as to deposit in places
sure to hatch the eggs and keep the species flourishing. It was reporled by
Wigglesworth (1930} that the females of Tipula (Diptera}, after living for some
days without egg-laying owing to unsuitable conditions, can be brought by decapita-
tion to immediate oviposition. Woke (10565) reported thgt four Aedes aegypti
which were decapitated 38 days after each had token 2 blood meal and bhad been in
the meantime without opportunity to oviposit, immediately deposited 10 to 20
normal eggs each in a dry petrt dish. DeCoursey and Webester (1952) in their
experiments with Aedes sollicitans (Walker), reported that under conditions in
which oviposition would not normally occur, the females may be forced to oviposit
after treatment with insecticides.

Cases of lengthened egg-laying periods in various arthropods were observed
to be due to confinement alone and to crowding (Woke, 1855). It is of interest to
notice that in Culex pusillus the females in which retention of eggs was enforced
did not oviposit immediately after being given the opportunity to do so (Table 1).
Six days after the bioed meal, oviposition occurred about 20 hours after being
provided with the suitable conditions for oviposition. The lapse between the date
of release into the oviposition cages and the actual date of oviposition had increased
considerably and more or less gradually with the increased periods of forced reten-
tion, until it reached 30 days in those which were forced to carry their eggs 88 days
after the blood meal (Table I), when only eight eggs were deposited {Table II),
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Fajlure to deposit all the formed eggs after extended periods of retention may
#e attributed in part te mechanical inability to pass many of the enlarged and the
malformed eggs.

The variation of the total of the viable and the non-viable eggs of ail the de-
posited eggs which appear normal and those which were retained in the
svaries, reflects in part the varied quantities of blond that may be taken by the
:ndividual mosquitoes in addition to individual differences. It is also believed that
age and physical conditions influence the rate of deposition of formed eggs.

The reduced viability of deposited eggs noted during the successive observa-
sions under the conditions of these experiments could result from a failure in the
mechanism of fertilization. This could, perbaps, arise from damage to the sper-
rnathecae due to long retention, which might have caused occlusion or injury to the
spermathecal duct. Damage to the micropylar apparatus, substantia} death to the
sperms, failure of the females to retain the sperms or to liberate them at the
proper time, or inability of the sperms to penetrate the eggs could also be causa-
rive facters in the non-viability of deposited eggs.

It js noticeable that the percentages of the mortality in the females which had
irezly taken blood meals and had been put under conditions favourable for ovi-
position, and the females which were allowed one blood meal and forced to retain
their egas, were more or less similar. Woke {1955) reported similar results in Aedes
acgypti. However, Flanders (1942) working on the Hymenopterous parasite
Encyrtus fuliginosus Compere reported that the parasites that were allowed to ovi-
posit lived three times as long as those that were not permitted to oviposit.

The vitality of Jarvae that emerged from eggs laid after 18 tc 30 days of
forced retention, was markedly reduced, and a large number of these died within a
tew hours after hatching. In addition they showed the phenomenon of ‘incomplete
hatching’. This would indicate that the vitality had declined already in the formed
gags hefore deposition.

From the observations reported in this paper, it becomes evident that any
designed plan for the control of breeding sites, particularly by proper sanitation,
negeds to be a thorough one, as otherwise species that can retain vieble eggs for over
two months can upset the whole control programme. Such behaviour of C. pusillus
should be studied with other culicines and anophelines in addition to other subjects
such as, oviposition, feeding and mating habits along with the longevity of each
species before launching contro} programmes in any given area. This inforroation,
Heside being of academic interest, is of importance in control procedures.

SUMMARY.
Forced retention of eggs in the mosquito Culex (Barraudius) pusillus Macq. by
non-provision of oviposition sites was carried out.

Instantaneous oviposition was not encountered by providing the favoursble
conditions for egg laying. A gradual delay of one to ten days occurred before the
successive groups of mosquitoes had actually oviposited,
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A gradual decrease in the deposited eggs and a consequent increase in the
formed undeposited eggs occurred. 94 days after the blood meal, the formed eggs
were all retained in the ovaries.

A decline in the viability of deposited eggs and the vitality of emerged larvae
due to lengthened periods of retention had taken place. Cases of ‘incomplete hatch-
ing’ among deposited eggs were noticed. Non-viability of deposited eggs reached
100 per cent on and after the 76th day of forced retention,

Abnormalities occurred in the deposited and formed undeposited eggs. These
ranged from variations in size, alteration in shape, discolouration of fluid content
and malformation of chorion. A gradual increase in the proportion of abnormal
2ggs was noticed in eggs deposited by the successive groups of mosquitoes. Ab-
normalities were more prominent in eggs retained in the ovaries. On and after the
88th day of forced retention, the formed eggs exhibited more than 90 per cent
abnormality. 100 days after the blood meal, the formed eggs exhibited 100 per cent
abnormality.

Effect of prolonged forced retention on the mortality of females, in comparison
with those which had the opportunity to feed and oviposit freely, did not show a
noticeable difference.
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Review

Malariology, aiih special reference to Malava. By A A, Snadhoshem. University of
Malaya Press, Singapore. (1959). Price 35s.

PROFESSUR SNADHOSHAM s to be congratulated on his admirable review in his
book on the exteasive work in the field of malariology by workers in Malaya. The
text has the lucidity which is only acquired through long vears of teaching of the
subject. As a teaching manual, the book will be welcomed by the students of
malariology in Malaya,

The chapters on malaria parasite and potes on Malayan vectors have heen
presented excellently. ‘These merozoites do not invade liver cells any longer’ {p. 50)
creates doubts in the reader’s mind as to whether the merozoites, released from
blood schizonts, do so at any stage. Accepted rapid staining method for both
thick and thin films, such as J.5.B., has not been mentioned and in this context the
statement ‘for at a pH below 7-0 stippling is seldom seen even with intense staining’
{p. 54) cannot be supported.

Certain considerations on epidemiology have been included. Great stress has
been laid on classical species sanitation in consideration of the local vector habits.
The importance of infant parasite index in the assessment of transmission has not
been mentioned.

The current coneept of eradication ot malaria by the use of residual insecticides,
aided by antimalarials, now undertaken by various Nations, has not been introduced
to the reader. Some of the statements appearing in the text such as ‘elimination of
mosquitoes as a means of eradicating malaria’ (.13}, ‘eradication cannot be hoped
for by house spraying alone {(p. 259) compared to the highly successful antilarval
measures for the protection of towns and villages’ read somewhat back-dated.
While discussing antimalarials, no mention has been made of primaquin which is
known to be less toxic than plasmoguine.

The get-up of the book is good ; the plates, diagrams, printing and binding are
prasse-worthy.

P.CB.
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SOUTH-EAST ASLA. see Antimalarials, 1.

' SURVEILTLANCE, fast year's results of a pilot
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