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Indian Journal of Malariology, 18, I, Mach 1961,

A NOTE ON THE RESIDUAL FOCI OF MALARIA

TRANSMISSION ENCOUNTERED IN THE COURSE

OF EXPERIMENTAL SURVEILLANCE OPERATIONS
IN COORG DISTRICT OF MYSORE STATE.

BY
M.T. AIAPPA.

{ Assistant Public Health Ofhcer, Coorg.)
Tviarch 7, 196).]

Coorg, formerly a centrally administered State, was merged with Mysore
State, with the re-organisation of States in the country in 1956. It has since been
called the Coorg District of Mysore State. The entire district is hilly, with an
area of 1598 square miles and a population of 321 lakhs (1961 census). The cli-
mate of Coorg is temperate, the temperature ranging from 50°F. in December to
about 80°F. in April. The district gets both the south-west and the north-east
monsoons, with annual rainfall ranging from 120 10 250 inches in certain parts,

Coorg was one of the highly malarious areas of the western hill tracts with a
spleen rate of 58'2 per cent in 1947, The main vector is A, fluviatilis. A, culicifa-
cies plays a part in the transmission in the eastern part of the district which merges
with the plains, Malaria control operations were started in Coorg in 1947 and became
part of the National Malaria Control Programme in the country in 1953, The
operations resulted in a dramatic absence of the disease as evidenced by the reduc.
tion in spleen rates which remained below one per cept during 1953, 1954 and
1966, The child parasite rate also recorded a steady fall as is shown in Table I,

TasLs 1.
Child parasite rate.
Year ‘Number of smears | Number positive ! Parasite rate.
. ) examined. Efor malatia paresite. E per cent,
1951 . 35 2 | 51
1952 : 249 7 g 2.8
1968 o 448 10 ; 2.2
195¢ , 493 & 0.8
1955 '- 301 ' 3 , 140
1956 : 131 0 : Nil

Residual spraying with D.D.T. was suspended in the area in October, 1957,
following the recommendations of an Expert Team appointed by the Government
of India, who visited Coorg and certain other areas in Mysore and adjoining States.
‘The criteria adopted by the expert team have been discussed in detail by Shama
Sastry and Narayana Iyengar (1859). The Committee recommended the setting up
nf surveillance teams to take up active malaria surveillance in the rural parts of

1



P Residual foci of malaria transmission in Coorg District.

Coorg District with a population of 1-38 fakhs, after excluding the population in
comspact areas around hospitals and the estate areas. The house visits were to be
made at monthly intervals.

Malaria surveillance work in Coorg District was commenced from July, 1957,
stmultaneously with suspension of spraying operations. During the firsL yeay, the
surveillance work had to be carried out exclusively by the 16 Health Inspectors and
Bub-Inspectors. The population allotted to each worker ranged from 4 to 10
thousands. From August, 1958, however; eight surveillance workers were added,
46 recommended two years earlier by the Expert Committee of Malariologists. The
surveillance sub-divisions are shown in Map 1.

PARASITE POSITIVE CASES.

For the first time, 11 months atter suspension of spraying, two patasite posi-
tive cases were detected in the month of May, 1968. Both were from Srimangala
Sub-Division. From September, 1958 onwards, parasite positive cases wete coming
up regularly every month as detailed in Table 11 below.

TasLe [1.
Parasite positive cases from September, 1958 to March, 1969 in Svimangaia
Sub-Division.
Month and year. Number of parasite positive cases.
May, 1088
July, 1088
August, 1958 x
September, 1858

Qctober, 1058
November 1858 ‘
?eomber, 196 E
ANUATLY, J
Februaty,

Masch, 1959

e 60 O OO0 o LS e B0

Thirty-three more positive smears were encountered in another Sub-Division
: Balale) during the period September, 1958 to March, 1959, as detailed in Table IT1.
TasLe I1].
Parasite positive cases from September, 1958 to March, 1969 in Balale Sub-division.
Month and year ' Number of parasite positive cases.
beptemben 1058 ' o

{
October, 1968 !
Noavember, 1058
December, 19568

e 4D D G2 3L Sy e

January, 1040 E
]

sl

Isulated caves of parasite positive smears were recorded from the Gontkoppal
and Virajapet sub-divisions.
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4 Residual foci of malaria transmission in Coorg District.

The incidence of the species of plasmodia in the various sub-divisions is
depicted in Table IV,

Tasre IV.
Incidence of the species of plasmodia in the various sub-divisions of Coorg district.
I

POSITIVE SMEARS

Sub-  Povvax, il P. malariae, l Mixed. Spec“"s not l Total
Jivision, I . '{Fl,ﬂ?mm‘ o _cle_t—eimmej:l . | number
iNum-.‘ Per [Num-| Per Num-' Per Num-! Per Poof

: ber. i cent. | ber. |cent. | ber. | cent. | ber, |cent. Number.  Per cent, | cases.
| — e b e e i - s e
stimangala = jas0 ) 18 i8ms | 1 Los| 4| o8 3 8 | @
Balale P16 1 48§ 11, 833 0. .. B 1182 I 1 38
Gonikoppal; & | WG} .. F .. o b e , . .. e 5
V\rajapet f 2 1 0w .. . .. I AT I .. . T 2

The detalls regardlng the dlffereut v1llages where tbe pos:t:ve cises were
encountered are given in Table V. Most of the positive smears were collected from
a few villages, namely, Badaga, Balale and Devanur in the Srimangala and Balale
surveillance sub-divisions. Twenty-two of the 41 cases in the former sub.division
were recorded from Badaga area. In the Balale Sub-division, 14 of the 33 positives
were from Devanur while 9 were from Balale. All the positive cases occurred
within an area confined to the south-eastern portion of Coorg District {Map 2) and
have beeh among the Yerwars* and other tribal people.

EPIDEMIOLOGICAL INVESTIGATIONS.

The following investigations were carried out in March, 1959, in the areas
where malaria parasite positive cases were recorded.

{i} Epidemiological investigations of the parasite positive cases to Jetermme
the source of infection.

tii} General blood surveys, and

iitf)  Entomological investigations.

Investigation to trace the source of the infections revealed that these cases
were all of local origin and it appeared to indicate that autochthonous transmission
was still going on in the areas, particularly those inbabited by the tribal people.

It was noted that five of the positive cases from Devanur area had been
treated earlier with 8-arninoquinoclines. The follow-up smears taken from them
revealed that two of them still showed light infection (both P. vivax), one of them
showing gametocytes.

Four-hundred-and-nine blood smears were collected during general surveys
in the different villages. FEleven of these were found positive, two being
P. falciparum infections, and the rest P. vivax. The details of the examinations
from the different villages are depicted in Table VI.

*Yeywars are tribal population.
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TasLe V.
Village-wise distribntion of ma'aria parasite posivive cases reporied from Muy. 1958 to March, 186%.

SRIMANGALA SUB-DIVISION {SURVEILLANCE UNITI.

Residual foci of malaria transmission in Coorg District.
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8 Residual foci of malaria transmission in Coorg District.

Tase VI
Details of the examination of blood-smears.
Village. ! Number of Number of SPECIES OF PLASMOTIUM : )
‘!smears exammed-g smears positive. P. vivax. I[ P, faleip i

Nanac]u i Baduga 63 4 2 2--—
Balale 178 L] .. ‘e
Devanur 147 : 0 ' ..
Navilgadde 21 t ] | 7 ;

Seven out of 26 children examined from Navilgadde showed enlarged
spleens of varying sizes. The child spleen rate in this area worked out to
73+1 per cent.

Entomological investigations consisted of collection and dissection of mos-
guitoes. The collections were made during the day between 6-30 and 11.30 am.
and at two-houtly intervals at night between 8 p.m. and 6am. The different
types of shelters were searched during the day collections ; night collections were
restricted to human dwellings only.

Fourteen man-hours spent over the night collections at Navilgadde yielded
1 total of 123 anophelines, of which 8% were A. fluviatilis. The other species of
anophelines collected were A. jamesi, A. jeyporiensis, A. subpictus and A. vagus.

The density of A. fluviatilis worked out to 6-35 per man-hour.

Mosquito collections were made from the villages of the Srimangala and
Badaga sub-divisions also, both during day and night. A. Auviatilis was collected
both during the day and night collections, The following anophelines were also
collected during these visits : A. aconitus, A, annularis, A. jamesi, A. jevporiensis,
A. pallidus, A. suplendidus, A. subpictus, A. tessellatus and A. vagus.

Dissection of A. fluviatilis showed the presence of gland infection in Navilgadde
village, where a sporozoite rate of 6'7 per cent was recorded. The details of the
Jissections are depicted in Table VIL

TasiLe VIL
Details of dissections of A. fluviatilis.
Nutmber of | oy .
. a1 Number with | Sporozoite rate,
Village. Afuwviatilis | glandinfection. | per cents
e eimr e man 4 s — I
Kellahalla Kumri, Devenur and 24 Nii ;
Badaga (night collections} E
Navilgadde, Devanur and 11 Nil i oy
Badaga {day collections) i .
Navilgadde (night collections) 89 ; 8 { 67

Devanur, Balale, Badaga and Balekov, where mosquitoes were collected on
April 28, 1959, were all sprayed during February, 1959, because of appearance of
positive cases., Morning collections made in these villiges «n Apnil 20, 1859,
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yielded anophelines in unsprayed structures. The per-map-bour densities of all
anophelines and A. fluyiatilis are depicted in Table VIIL.

TaeLe VIIL
Per-man-hour Jensities of all anophelines and A. fluviatilis. {(Morning collections).

ALL ANOPHELINES : A. Puviatilis :
Village. ]
Human Human ;
dwellings. Cattle.sheds. dwellings. ; Cattle-sheds.
— -
Devanur 00 8:0 00 | 3.2
Balale 686 [+ 51 B 00 ! 00
Badaga 085 90 10 0.0
Balekov 0 60 | 02 00

The mght collections made in the first three villages and 2lso at Kallahalia
Kumri gave overall densities of all anophelines, and A, fluviatilis, These are
depicted in Table IX :

. Tanie 1X.
Per-man-hour densties of all anophelines and A. fluviatilis (Night collections),
! ALL ANOPHELINES : | A. ﬂ:wiah‘lis :
Viltage. ' Human r Cﬂtﬂe- ; Humsn Cattle-
dwellmgs ' sheds. | dwellings. sheds.
Cmem e T 5
Devanur | 53 | 0l 086
Balale | 0 S N 0.g
Badaga I X 138 0.0 2.38
Kallahalla Kumnsi ;00 i o6 | a0 0+0

At ’\Iawlgadde (unsprayed v1llage), the morning collections on April 30,
1959, revealed a per-man-hour density of 5:0 for A. fluviatilis. Night collections
made on May 1-2, 1959, revealed a per-man-hour density of 6-36 for the same
species.

RESULTS OF DISSECTION.

Thirty-five specimens of A. fluviatilis collected on the morning and night of
April 29, 1959, and on the morning of April 30, 18569, did not show gland infection,
Six out of 89 specimens of A. fluviatilis collected at Navilgadde (unsprayed village)
on May 1-2, 1959, showed gland infection, yielding a sporozoite rate of 6-7 per cent.

DISCUSSION.

The investigations revealed that malaria transmission was going on in the
dreas inhabited by the tribal population. These areas are densely forested and
thinly populated. The people live in scattered sylvan habitations which have
never been sprayed in the past. About 35-40 per cent of the tribals live in the above-
mentioned areas, while the rest reside in compact groups in thinner forest areas
with habitations easily accessible and which appear to have received total coverage.
It was learnt that in the former areas, the practice was that the requisite quantity
of D.D.T, was handed over o the staff of the Forest Department who ensured that
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the Government buildings were sprayed but not the other habitations. It s,
therefore, obvious that the spraying was never according to the required standard,
and transmission of malaria had continued in such areas,

The parasite positive cases were recorded from the Balale surveillance sub-
division from September, 1958, when the malaria surveillance worker was posted to
this locality for the first time. The parasite positive cases, as mentioned earlier,
were mostly confined to the tribal areas in the south-eastern portions of Coorg
District. General blood surveys in the area confirmed these observations; four
positive smears out of 83 examined were from the Yerwars which is a tribal popula-
tion in the area.

The two parasite-positive cases recorded in persons with a2 history of having
received treatment with 8-aminoquinoline is a definite evidence that autochthonous
sransmission has been in progress. This was further substantiated during telks
with a local estate owner who stated that he bad been experiencing lot of difficul-
vies in obtaining labour due to malaria. The situation, he stated, was so bad that
he desired to sell away the estate and leave the area.

Maintenance of the infection in Badags, Balale and Devanur villages
(Tabie V) appears to be largely due to migration of Yerwars {tribal population) and
tabour population from these villages to the forest areas and vice versa in connection
with forest labour,

It was, therefore, decided to start residual spraying in these areas, and. te
continue the same concurrently with the active surveillance programme for 3 years.
SUMMARY.

Spraying of D.ID.T. was interrupted and active surveillance started in Coorg
District in 1957,  Parasite positive cases were tecorded every month from some
villages in the south-eastern portion of the district. Investigations gave evidence
that autochthonous transmission was in progress. Spraying has been re-introduced
and is to continue for 8 years concurrently with the active surveillance.
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INTRODUCTION.

In January, 1958, parasites were noticed in blood films taken from a silver
gull but alchough these parasites obviously belonged to the genus Plasmodium, they
did not seem to be identical with any of the described species of avian plasmodia.
This gull was one of a number of fledglings caught at Five Islands, off Wollongong,
N.8.W., in November and December, 1967, which had been kept for the subsequent
time in Sydney. The remaining five birds were then examined and two more
infections found. An adult guil, caught at the same place in December, was
negative, Seven more fledgling gulls were caught at Five Islands in November,
1959, but no parasites could be detected in their blood.

This paper describes the morphology of the parasite as seen in the gull together
with the evidence that leads us to comclude that it is identical with Plasmodium
velictum (Grassi and Feletti), and that the variation from the typicel retictum
motphology is due to the unusual host.

DESCRIPTION,

The folowing description is based mainly upon smears taken from one guli
which showed the heaviest infection but the appearance of the parasite was similar
in the other two naturally infected gulls.

Gametocytes.~These are usvally elongate but may be oval to round. The
elongate gametocytes, as a rule, showed no tendency to encircle the nucleus; only
on very rare occasions did they curt slightly around one or both ends of the
nucleus. The male gametocyte was much more often oval to round than the female,
in which the modal form might be described as sausage-shaped. The male
gametocyte often had an amoeboid appearance, giving it quite a ragged outline,

* Tt is regretted that Dr, 1.]. La;mnce died on 26th -May, 1860, a&ez-v; long illness. Not long
before he died, he completed the experirnental work and prepared @ draft of the present paper,
almoest in its finad form.

~~A+J. Bearup.
{1
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while the female rarely looked like this. The nucleus was usually displaced, even
by the elongate gametocytes, and occasionally it was expelled. Not infrequently
the gametocyte lay obliquely across the long axis of the red blood cell and, of
course, displaced its nucleus. The pigment grapules were normally round and coarse
hat varied somewhat in size and shape and usually numbered about nine. The pig-
ment in the female gametocyte often tended to be concentrated at one end of the
patasite,

Asexual foyms.~—The youngest trophozoites seen are small and solid-looking.
Although vacuoles may develop later, typical ring forms are uncommon, The
nroportion of trophozoites in immature red blood cells did not seem high as judged
in Giemsa-stained films {vital staining was not done). Pigment granules, which are
woarse and round or irregular in shape, can be seen in the trophozoites when they
are about one-guarter grown. The older trophozoites and the schizonts usually are
amoeboid in appearance. They show no marked tendency to occupy a polar
nosition of to be cloge to the nucieus. The number of merczoites seen in the
segmenters was usually 8 but one with 14 was noted, The larger schizonts tended
to displace the nucleus.

From the time that the infection was first detected, parasites continpued to
appea: for one month in the blood of the only gull which was kept under continuous
shservation. No synchronicity was poted in the strain and no attempt was made
tu determioe its periodicity,

1t will be noticed that the main difference from P. relictum lies in the shape of
he gametocyte which was usually elongate but it might be oval or round as Is
rypical of P. relictum, P. juxianucleere Versiani and Gomes js said to have round
or elongate gametocytes and P. durae Herman, gametocytes which are elongate or
ircegular and which frequently take up an oblique position in regard to the long
axis of the host-cell nucleus; but the gull parasite did not resemble either of these
WO species in other respects.

Transmission, via the mosguito, tu a sparrow.—A number of mosquitoes,
belonging to the species Culex fatigans Wiedmann, were fed on one of the infected
gulls and kept at a temperature of 25°C, Sporozoites were present in the salivary
glands after a fortnight. Two sets of positive salivary glands were triturated in
fowl-serum Ringer’s solution and the sporozoites were inoculated into a sparrow.
This sparrow had been kept in captivity for a fortnight and blood smears made
from it had always been negative. A sparrow was used in preference to a canary
because the local canaries seem to be infected even more frequently than the
sparrows., Itwas hoped that the sparrow used was free from infection when
ioculated and the course of its malarial infection seems consistent with this
assumption. Blood films made from the sparrow continued fo be negative for
3 days but were positive on the eighth day.

The morphology of the gull plasmodium, as seen in the sparrow, was quite
onsistent with that of P. relictum. The gametocytes were round to oval and many
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of the trophozoites were present in the immatyre red blood cells. The number of
merozoites in segmenters seemed to be greater than when in the gull and a count
confirmed this impression : in the sparrow the average number of merozoftes was
141 (range ¢ — 18), and in the gull 9-6 (range 8 — 12}, This difference is signifi-
cant (P 0:01). The number of merozoites in P, relictum varies greatly according to
strain, from & up to 32,

Transmission of P. relictum to gulls-—Three fledgling gulls were kept for two
months in a mosquito-proof room during which period their blood was consistently
negative for parasites. The smallest gull (weight=215 grams) was then inoculated
intramuscutarly with about 0-8 ml, of blood from a sparrow which showed a typical
infection with P. relicium. The calculated number of parasites injected was
9:5x 107. Purasites were first detected in the gull after 7 days and became very
numerous after two weeks, This very heavy infection persisted for about a week
and the number of parasites then diminished sharply, The bird was very anaemic
at this stage and the great majority of red blood cells were immature. About a fort-
night later, when the bird was recovering from its anaernia, the number of parasites
increased again.

Before the infection had reached its height, it was passed on to a second gull
by inoculation intramuseularly of about ¢:6 ml. blood, containing about 2.3 x107
parasites, This gull appeared older than the other and weighed 320 grams.
Parasites were detected in its blood after 6 days and continued to be present for
over 3 weeks but the peak of parasitaemia was not as high as in the first gull.

The appearance of the plasmodium in the sparrow had been quite typical of
P. relictum but in the gulls it assumed a morphology quite like that of the
plasmodium seen in the naturally infected gulls; most important, it showed the
marked tendency towards elongation of the gametocytes, especially the female,
which characterises the ‘'gull plasmodium”, The average number of merozoites
per segmenter was 8.4 and the range, 5 — 18. In the canary, this strain showed an
average number of merozoites per segmenter of 11-7 and a range of @ — 15, The
merozoites of P. relictum, when in the gull, did not show their usual prediliction for
young red blood cells. Using Hegner & Eskridge’s (1838) method of vital staining
with brilliant cresyl blue, followed by a Romanowsky stain, and also their system of
classifying the cells it was found that only 6 per cent of the early trophozoites were
present in the immature red blood cells {types I-III) and that these were 55 per
cent of the total number of red blood cells, Only Giemsa stained Alms were avail-
able from the sparrow but cell types I-III may still be recognised, mainly by theiry
nuclear structure. It was found that 93:6 per cent of the early trophozoites were
found in the immature red blood cells which represented 6.8 pericent of the total
red blood cells.

This strain of P. velictum was then passed from the second gull to a canary by
the intramuscular injection of 0-5 ml of blood, containing about 10 parasites.
This canary was one of a batch of seven received from Hobart, Tasmania, which all
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seemed free from infection. Blood films became positive after 4 days and the
parasite resumed the morphology typical of P. relictum.

This strain showed little or no synchronicity whether in gull, sparrow or
vanary, and an attempt to see if there was any change in periodicity, when in the
gull, was very difficult for this reason.

g, L.
Plasmodium relictum.

Diagram of experimental work on two naturally-acquired infections.
{Qull 814 and Sparrow 12).

A Guil—- Culex fatigans —- sparrow

34 2
gull ——3canary
B Sparrow =3 gull —> 6 7 9 canary
i2 2 qull——scanaries 3< 4
K quil
3
DISCUSSION.

P. relictum is one of those avian plasmodia that show Iittle host specificity.
it has been found present in quite a variety of species belonging to many different
families of passerine birds and even to several different orders. For instance,
Fantham and Porter (1944) recorded natural infections in four species of penguins
and Rodhain (1939) found penguins in the Antwerp Zoo to be infected. In this
fatter case Rodbain produced good evidence that the penguins had been infected
after their arrival at the Zoo. Tt is probable that this was the case with the gulls
also, namely that they were infected in captivity, since they were only
found to be infected after they had been kept for one to two months inan
anscrecned cage at a season of the year when both C. fatigans (a2 good vector for
1, relictum) and infected sparrows are numerous.

Since it is not usual in survey work to subinoculate the plasmodium into
canaries, unless the morphology was typical in the host bird, it would not be record-
zd ag P. relictum, so it will be reaiised that this parasite retains its typical morpho-
iogy in a great variety of bosts. However, P.relictum (and the closely related
P, cathemerium) have been successfully adapted to chicks and ducks by means of
repeated passage, and with some straios rather marked changes in morphology have
been reported. Wolfson (1939} found that in ducks quite a number of gametocytes
of both sexes were elongate, and even those that were not, exhibited a tendency
to surround the nucleus rather than displace it. In most of the elongate
gametocytes, the pigment granules were located either at the end or in the middle
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of the parasite. Hegner and West {194)) found thut P. cathemerium behaved rather
similarly. Although very few of the gametocytes were long and slender, lying
parallel to the nucleus as they do in P. clongatum and P. rouxi, most of them showed
& concavity in the side nearest the nucleus as if their tendency was to grow around
it rather than displace it. In the chicken, Manwell (1943) found that P. relictum
failed to displace the nucleus at all except when it pushed it laterally. Fewer than
10 per cent of the gametocytes were round or nearly 5o : more usually they were
zlongate and could resemble those of P, circumflexum to « marked degree. However,
in the duck such modifications of the normal morphology were much less noticeable
than in the chicken.

‘These morphological changes are rather similar to those seen in the *“gull
plasmodium” and when P. relicium is transferred to the guil, but in this case there
is no suggestion that the gametocyte becomes elongate because it is restricted by
the nucleus; indeed, the nucleus is just as readily displaced by elongate gametocy~
tes, which often lie across the long axis of the red blood cell, as by round ones.
Schizonts and even segmenters might be vlongate at times and fail to digplace the
nucleus but such forms are also seen in the canary. The tendency for the pigment
in the elongate gametocytes to be concentrated, as noted by Wolfson in ducks, was
also seen in female, and less commonly in male gametocytes in gulls. The pigment
was always concentrated at ope pole in elongate gametocytes or towards the edge
in round female gametocytes.

The average number of merozoites per segmenter was 96 in the “gull
plasmodium” but 14:1 when the infection was transferred to a sparrow. Similarly
the average number of merozoites in our strain of P. relictum, when in the gull, was
8.4 but was 117 in the canary. Passage of a strain may affect the number of
merozoites per segmenter but here the suggestion is that the gull is a less favour-
able host for the plasmodium,

Both the periodicity and the time of segmentation may be changed by passage
to an abnormal host but the synchronicity of the strain of P. relictum used was so
iow that its periodicity could not be determined with any certainty. It is concluded
that the plasmodium seen in the naturally infected gulls was P. relictum, modified
by sojourn in abpormal host. The importance of this observation lies in the fact
ihat the avian plasmodia are divided into two broad groups on the basis of whether
their gametocytes are elongate or round. 1f the parasites seen in a blood film were
few, it would be easy to mis-identify the species or at best, be unablc to assign @
apecific name to it, unless resort was made to sub-inoculation.

- Stained blood Lilns of the gulls, caparies and sparrows used m this study, have
been deposited in the Museum Collection of this School, numbered Mn. 1476; and
in the Australian Museum, No. Z 2786,
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[xpiaNATION OF 17 SUB-FIGURES APPEARING ON THE OPPOSIT PAGE UNPER THE HEADING “Fm. '/,
Plasmodium relictum,

Comparison of parasites as they appear in the blaod of the canary or sparrow; and in the gull.
sOudine of parasites traced from projected colour film).

Juh- Figure

I. Trophozoites in the guil.

2. Trophozoites in the gull.

3. Trophozoites in the guli.

+, Young schizont in the gull,

>. Mature schizont, Canary 4.

4. Mature schizont, Canary 4.

7. Mature schizont, Sparrow 12, Uninfected cell helow.
3. Mature schizont, Gull 2.

i Mature schizont, Gull 314.
10, Mature schizont, Gull 314.
th, Male gametocyte, gull.
12. Female gametocyte, Gull 314.
13. Female gametocyte, Gull 314,
tt. Female gametocyte, Gull 7.
13. Male gametocyte, Gull 7.
i,  Male gametocyte, Canary 4.
7. Male gametocyte, Sparrow 12,
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e By N
“OAHTIOgUIET ul PMammodinr sehcirm iro the wlver gull Larus novas-viandiar,
Fig. A-—Cametocyres from Gull 2,
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SUMMARY.

Three silver gulls (Larus novae-hollandige) were found o be infected with a
species of Plasmodium which differed morphologically from the hitherto described
species. The parasite was transferred via the mosquito, Culex fatigans, to a
sparrow, in which host it assumed the morphology normal to P. relictum.

A strain of P, relictum was passaged by blood inoculatien in voung gulls, and
in these it assumed an abnormal morphology which made it closely resemble the
plasmodium seen in the original gull infections, On passage back to a canary it
resumed its original morphology. It is conciuded that the parasite seen in the
naturally infected gulls was P, relictum modified by its sojourn in a different host,
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INTRODUCTION.

A 19LARIASIS SuTvey was carried out in the diswict of Ghazipar by the Filagia
Survey Unit, between April, 1956 and April, 1958. Results of the survey are
recorded in this paper.

AREA, POPULATION AND CLIMATE.

‘The distisce of Ghazipur forms a part of Varanast Division and lies north-east
of Varanasi District. Its maximum length from east to west 1s about 56 miles
and width from north to south is about 37 miles. The area of the district is about
1,392 square miles. It is divided into four tehsils having 2,129 villages (Map 1}.
The total population of the district is 13,41,278 (1951 Census) out of which 5,70,725
are males and 5,70,682 females.

The general slope of the district is from north-west to south-east. On the
whole, the district is a fertile plain, the only marked sutface variations are caused
by the broad valley of the River Ganga and by cbannels of minor streams, There
are no major forests but a few jungles are present.

Ghazipur Town, the headquarter of the district, is a municipal town with a
population of 28,322, It has a limited safe water supply. Large number of persons
are still using hand-pumps and welis for their house-hold use. There is no planned
drainage system and this results in the stagnation of waterin pits and small pools,
forming ideal places for breeding of mosquitoes.

Climatically, the district has comparatively short cold weather and long,
though not very hot, summer. The maximum and the minimum temperature, is
11.8°C. and 8-2°C. respectively. The average annual rainfall is about 43-1 inches

* Deputy Director, Malariology, Uttar Plradesh_, Lucimow h
v Agsistant Director, Malarjology, Uttar Pradesh, Lucknow.
! Filaria Survey Officer, Ghaxipur.

{21)
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Marp 1.

MALP OF GHAZIPUR DISTRICT.
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and relative humidity ranges from 7] to 89 per cent. The meteorological data of
the district for the years 1957 and 1958 are depicted in Table I.
Tasiz L

Monthly maximum and minimum temperature, relative humidity and rain-fall of
Ghazipur District for the years 1957 and 1848.

RELATIVE HUMIDITY, .
Monthand | Maximum | Minimum PER GENT. i Rain~-fall
temperature | temperature| - - -- o, - oo
Year. ! l?,‘c o, 08.30 E 17.80 I (inches).
‘ hours. | hours. |
1957 E ; !
: ’ i
January : 22.5 8 8% 63 ! 178
February 5 B 8.2 7 g2 008
tarch : al.3 31.3 58 29 ) Y
April ! 38.5 ' 18-8 36 18 . 004
May : 41.3 24.1 36 17 Q+00
}une t 3l - A6 287 39 . 082
uly ' 32 23.8 83 75 ' 1436
August ' 358.7 ; 23.8 ) 76 . 11«84
September ! 342 : 22.1 8 60 b B38
October 358 112 62 1 ..
November . 299 8.0 ! &0 B 0 ..
December : 2.2 - 88 ] -, S i}
Lanuary ) 268 16-3 78 i3] b 0B
ebruary 7.3 . M 4l 3B 605
March 8441 172 46 23 03l
April 891 288 ¢ 44 ;21 [ 000
May 4240 25.8 42 1 16 - 000
June 41 ' iy it} ! H8 a5 . F+84
Tuly . 330 268 S0 67 12
August 316 258 ig 5% S 101 |
September 2.8 . 257 . 8 12 T84
Qctober 356 22.6 9w, 67 ¢ 3.2
Noveraber 206 - [TE S + 7 - -
December 253 126 . 8 | 40 ..

The district is connected with neighbouring areas by rail and road. Common
festivals like Dasherra, Ramnaumi, Sheoratri are celebrated. Full moon of Kartik,
2 great bathing day, attracts thousands of people from neighbouring districts.

MEDICAL AND PUBLIC HEALTH ORGANISATION.

There is a district hospital and a maternity and child-welfare centre at the
district headquarters, Besides, there are fifteen allopathic dispensaries, twelve
dispensaries of indigenous medicing, nineteen maternity and child-welfare centres
and two primary health units in the district. A Malaria Eradication Programme
Unit has been established in the district singe 1959-60.  Cholera and smali-pox are
endemic throughout the district.
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FILARIA 3URVEY.

Elephantiasis has been known in the district for quite a long time but during
the recent years the general public is more conscious of the discase, probably due
ro better general as well as health educational facilities. The survey of Ghazipur
District {rural area) was conducted from April 14, 1956 to April 11, 1958 and of
(hazipur Town between July and October, 1856. Persons of all age-groups, and
hoth sexes, were examined by house-to-house visits in the night between 8 p.m. and
mid-night. Care was taken to examine all the persons 1n each house. Approxi-
mately 20 c.mm. of blood was obtained from each person for preparing thick
smears which were examined after staining with J.8.B. Stain I. The disesse mani-
‘estations. were also recorded side by side.

INFECTION RATE.

1u the rural areas of the district, the number of persons examined during the

sutvey was 11,212 (2.4 per cent of the population) while in the urban areas of

(hazipur Town 1,838 (84 per cent of the population) were examined. Table 1}
shows the infection rate in the rural areas according to different age-grougs,

TasLe II.
Infection rate according to different age-groups (rural areas).

Nuraber of | NUMber of | 1opoetion .{}ms=

Age-groups {years)- persons i persons rate, intestation

examined. | showing cent. Per 20 cmm.

, infection, per T of blood.
LT | ! 34 = Ni Nil Nit
3 to B : a9 i3 30 ' 0.8
¢ to 10 o0 0 38 089 94
H tw 20 i 2,973 192 645 i a2
21 to 80 : 2,188 295 1023 2.2
'%1 to 40 ! 1,630 188 11.85 B8
ta 60 1,109 T 10+80 ; 3
Above GO 712 78 1095 fed
Total of allage Eroups t— ll "’1 ‘ 853 Tob i 8.5

I‘he. Lmecnon rate worked out to bc :-6 per cent. The lowest age at which
che infection was found, was ln a male child of 2 years. The infection rate
;ncreased with the age, being maximum in the age-group of 31 to 40 years, after
which it showed a decline. The type of infection detected was W, bancrofti,

The average infestation was found to be 8-7 per 20 c.mm. of blood and the
araximum number of microfilaria found in cne blood smear was 116.

The results of blood examination in urban areas, according to various age-
groups, are presented in Table IT1.

From the Table 111, it is seen that the infection rate in urban area is higher
chan the rural rate. The highest infection was found in the age-group of 41-50
vears, The average infestation was also higher in the urban area.
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Tawre M1,
Infection yvale decording in differcut age-groups {urhan aven}.

! Number of Ave

! Numbe - _Average
Agwegroupd {years) Num;:r:l;*snfi persons In[;a,(;imn: infestation
LU grOUE 1y H 1 pex 1 showing =1 per 20 canm.
1

texamined. | el pereent. o ocu g

Wil

b to 1 I 3 " Nil Nil
g to A ; Gl 3 E T I ({74
4 to 10 - : X HE 8e3
Hoto 20 P00 i 41 8B 1 14eD
21 o 30 [ M0 . a8 6 b6
31 o 40 - . A 185 1 131
4] o 0D : P44 : a8 154 i 9.%
Above 50 ) 81 . A 8.2 ] 8ed
‘Total of all age-groups :~— 1,838 t 181 .84 * 127

DISEASE MANIFESTATIONS.

During the survey, the persons from whom bleod was taken were also
examined for disease manifestations. Qut of 11,212 persons in rural areas 1,007
were found to have various disease processes in the form of swelling of the
scrotum, hydrocoele, elephantiasis of limbs and chyluria, The disease rate was
2.98 per cent.} Table 1V shows the incidence of disease according to age-
groups.

TanLe IV,

Disease vale @b different age-groups {rural aveas).

. Number of persons

Age-groups i Number nf persons T L os Disease raic.
o™i, b e O
tio L i 34 : Nil : Nil
Tto B 1 1 : i 151
4 to 19 ' 1,900 i 2% 11
1 to 20 2,073 i 125 42
3l ke B0 ; 2,188 266 1235
Atod) . 1,670 . 272 13.29
§! o 50 { 1,184 - 180 1767
Above 50 . 712 i 129 16+71
Totul of all age-groups : — 11,212 !| 1,00% . BeB8

The earliest age at which the disease was found was in a child of 2 years
having hydrocoele. The disease rate increased up toalimit with the advancing of age.

The resuits of disease manifestations in urban areas are shown in Table V.
The study of disease processes made during the present survey revealed that

nydrocoele and other genital affections represented the maximum and then came
the elephantiasis of Jower limbs and the upper limbs, Chyluria'was also noted in

very few cases.
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i

Tanue V,
Disease vate at diffevent age-groups (urban aveas.)
go-§
i
Age-groups Number of persons | N;:hnél?‘?;‘:f a3 [ Disease rate,
{years)- examined. ; mamfestauons ' per cent.
oto 1 s | Nil : Nil
2te & i 81 ! 1 : 1.6
6 to 10 ' 225 ; 3 ! 1.3
11 to 20 500 ; 28 i 4.8
21 10 30 549 : 39 i Tel
BE to £0 205 : az P 168
41 to 50 144 i L3 ; 18.2
Above 50 81 11 i 18«03
rom of all age-groups :— 1,838 : 128 | 8.96

T'he mumber of cases, aiong with the percentage for each disease manifestation
in rural and urban areas, is shown in Table VI

TasLe VI.
Pevcentage with disease manifestation in rural and urban areas.
-i HyoRoCoELE AND | ELEPHANTIASIS OF : f
: OTHER GERITAL —— - ——=——— - - | CHYLURTA
DISEASES. ILowwer limbs. Upper hmbs
A Total] with disease
Ateas. manifestation. & 3 1 5 “ g ¢ o4 &
SRS R A i I
= ] ) =2
5 z & 2| &z &1z &
Rural i 1,007 gz | 787 [Nz lika | 38 - 370 & [ 0.2
Urban | 128 80 | 606 ' 26 1203 10 78! 3| 28

ENDEMICITY RATE.

Dt of 11,212 nersons examined, 863 showed microfilaria in the blood and
1,07 were found showing disease manifestations. There were 65 persons showing
Soth the disease manifestations and infection in their blood. They were from the
age-groups 6 - 10 years (2 persons). 11 - 20 years (5 persons), 2I-30 years (14
nersons), 31 - 40 years (20 persons), 41 - 50 years (5 persons) and above 50 years
(L0 persons). This shows that the incidence of simultaneous presence of the infec-
tion in the blood and disease manifestations is maximum in the age-group between
31 - 40 years. The endemicity rate of Ghazipur District works out to 16 per cent
which is moderate. The endemicity rate in rural and urban areas according to
age-groups is depicted in Tables VII and VIIi.

Further analysisof the data of infection, disease and endemicity rates has been
m1d2 for the eatire area surveyed, according to sex and the two main religious
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denominations, viz., Hindus and Musiims. The resuits are shown in Tables X

and X.

TaeLe VI,
Endemicity according to Jdifferent age-groups (rural area}).
Age-groups Infection rate, Disease rate, Endemicity rate,
{years). ) per cent, . per cent. per cent.
0to 1 Nil Nil Nit
2t0 § 0.8 08 1)
§to 10 : 0409 11 2.0
i to 20 B4l 42 104
21 to 36 16,23 12-15 2.3
31 to 40 1 1185 18.28 263
£ to 50 : 10.89 1707 271
A bove i ‘ 10:845 18.71 278
Al ages: 1 760 8:98 1801
Tasiz VIIL

Endemicity according to age-groups (urban area).

Age-groups i Infection rate, = Disease rate,  Endemicity rate,
{years). i per mt. . peresnt. per cent.
. - i - YT B :
¢ e 1 N:! i Nil : Nij
2 to & )] ) 1.4 : 65
% te 10 4-8 : 13 ; 62
o 20 | 8o : 2 : 12.8
3 o 0! 10-5 : Tl ! 173
1 to 4} E 135 ) 18 3%7L
+1 50 ; 15.8 . 132 - 284
)\bove a0 : 82 1. 1803 . 26.2
All ages : 1 9+84 606 | 1632
TasLe IX.

Incidence of disease, infection and endemicity according to sex in rural and urban areas.

NUMPER OF | ! . NuMBER WITH
|

e | Nowmmwn | Nowewna | onp | Bomaery

\rea. EXAMINED. | i ;nm INFECEION. * ’
e arEn— l o mmas ot ae==s - - 4k dimoam mae
\daie .Female Male. Fema] I Male. EFemale. Ma}e. IFemale.. Male. Femaie

Rural 8588 | 2,620 | 90 {‘ s | ws e ¢ 03 [ 1 | o7a
Urben 1308 ;330 0 110 oo | 162 [ 8 # ,' 1 | 1807 | 848

On perusal of the Table IX, it is evident that the endemicity rate amongst
males is higher than femaies. However, since the sample collected from the Jatter
s small. no definite conclusion can be drawn.
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- Tanm.e X.

Incidence of disease, infection amnd endemicity amongst Hindus and Muslims
in yural and urban areas.

_' Numngr wiTH
! BOTH DISEASE
I AND INFEUTION,

I Numpsror
i PERSONS i
Ageas. | EXAMINED.

FwneMiciTy
RATE, PER CENT.

NUMBER wiTIL NUMBER WITR
IREAZE. INFECTION.

I
...... |

T e I B

T LA
3 18

Rural 9 005 llao'z i 8BR ST - 58

1 f
: i
{rban 1,403 | 485 104 24, 86 45 i

-1

ledu.}MusllmEHmdu Mustir. Hindu. Mushm Hmdu-IMushm Hindu. EMu'ahm.
“ i
Y

A study of Table X indicates that the endemicity amongst Hindus and
Mustims is almost the same,
ENTOMOLOGICAL OBSERVATIONS,

‘The mosquitoes were collecied from human dwellings, cattlesheds and mixed
Jdwellings. They were identified and dissected in the laboratory to study the
‘nfection and infectivity rates. The results are shown in Table XI.

TapLe XI.
Mosquitoes collected and the results of dissection.

| 1
. Numser or MOSQITOES SHOWING LARVAS .

e I Number ;
Type . of Number l Number i STAGE-WISE.
musquito. . collected.  dissected. ’;Os?t?\(; ! [ - .
- \ posigve. 11 u lm
("ulex fattgans : 7,32" I os860 174 i 68 - vm--..—s...
!mpbe!es i 3,244 E 0 Nil I ve : va . .

Iti is evident from Table X7 that the vector mosqmto of filaria in the district
i Ghazipur is Culex fatigans. The infection rate in the mosquitves was 6§ per
cent and infectivity rate 0-3 per cent, The breeding places for the vector mosqui-
tues were also studied and it was found that it breeds profusely in stagpant waters
with plenty of organic population, viz., stagnant pools, cess-pits, ponds and
stagnant drains, small nullahas and tanks.

SUMMARY.

The district and the township of Ghazipur were surveyed under the National
¥ilarta Control Programme for delimitation of the filarial endemicity. Both the
rural and urban areas show that there is nioderate endemicity, the rate being 16.01
angd 1-32 per cent reapectivelv, .

The tvpe of infection detectzd is W. hancrofti all over the district. The
voungzst age at which the microfitaria and disease manifestations have been
detected, is in a child of two years.
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Both men and women, Hindus and Muslims, were almost equally affected by
the Jisease.
The vecior of filuriasis was found to be G, fatigens in the district,
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PROBLEM OF FILARIASIS IN THE DISTRICT OF DEORIA
(UTTAR PRADESH).

BY
DIWAN CHAND,*
M.V, SINGH#t
AND

V.K. PATHAK].
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INTRODUCTION.

DeLnTATios of the Blarial problem i the district of Deoria has been
carried out under the National Filaria Control Programme, launched in Uttar
Pradesh during the year 1953.56. This paper deals with the results of survey
carried out in the district.

AREA, PEOPLE AND CLIMATE,

Before the creation of the district of Deoria in the year 1944, it was part of
the district of Gorakhpur. The new district, having four tehsils, is the easternmost
district of Uttar Pradesh and is located in Gorakhpur Division. It is bounded on
the north by the district of Champaran {Bihar), south by the district of Azamgarh,
cast by the district of Chapra (Bihar) and the west by the district of Gorakhpur
(Map 1). The district is thickly populated, the density of population per square
mile being 1004. According to the 195] census, the population of the district is
2],02,627 of which 10,409,928 are males and 10,52,609 are females, living in 3,654
villages. The headquarters of the district {Deoria Town) bas a population of
20,156,

The district is well connected by rail and roads with the neighbouring dise
tricts. It comprises fairly compact plain and the height above sea level averages
about 316 feet. There are two natural sand hills in the district. The valleys of
large rivers like great Gandak and Rapti are wide and deep. There is inundation
of the low Jand during rainy season, providing breeding places for mosquitoes.
There are timber-forests and jungles, groves, pastures; specially in Padrauna
Tehsil and along the banks of rivers.

* Deputy Director, Malatiology, Uttar Pradesh, Lucknow.
¢+ Assdstant Director, Malatiology, Uttar Pradesh, Lucknow.
§ Filatia Burvey Officer, Ghavipur.
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Comparatively heavy rainfall and casterly winds combine to avert the
great heat during the summer, the temperature rarely tising above HOF. during
May and June, The average minimum temperature for December and January
falls little short of 50°F, The average rainfall is about 50-88 inches The
meteorological data of the district from 19064 to 1958 are depicted in Table .

Tasrg 1,

Metevrologicul data of Deoria District for the years 1954 to 1958,

, i . R MIDITY t
Maximum | Minimum BLATIVE HUMIDITY,

! FER CENT. Rainfall.
Month and years tempo;r;ture. i temperature. ) RN ~ (inches)
. 08+30 hours. | 1730 hours.
1954 i ;
January B9.5 i 407 ]. 85 62 (i ™3]
February T3 i 6 ! 83 57 36
March 30 i 6 : 58 . a1 i 0.0
April 10244 : el : 4} : e : 000
May F0d.3 . R 61 M 2,05
lune 968 811 T 62 171
Tuly 91.8 | 07 88 vt 1452
August 88 B4 36 9 BeBih
September Hu9 - 79:8 . 83 123 407
October RT3 89.1 : i ¢ hog
November 07 H kT : 0 Y| 000
December 739 | Ath7 : 83 0 100,
i :
1955 :
fanuary 7kl e ' a6 a9 eiil
February Thed B30 i ] 42 128
March ided ' 2 : a3 7 e}
April Med Tp2 a3 19 040
ay B4 : 738 . 53 25 002
June T 802 i 77 62 14477
fuly 871 B 80 78 LIS
August 81 i Tt} [1.14 23 IR
September Shedy ! TRl 7% 8 21,86
October S0 : T2 7% & 284
November 1.3 ; 608 G0 aa e}
December 718 i 317 03] i (-89
i
1956 :
January el Gl ' 84 ’ a6 {h B
February TG G898 43 4n .31
Masch . 1Hit ! B4e9 5% 7 36
Aopril 1ui-} . T4-4 : is A 0D
May MWT 80T ) 16 5035
june 1T i) 88 74 [lefd
Tuly 1S TR T8 u3 - i £48)
August ) ey 783 86 Y 150
Septembes : R B : 7743 L1 78 29.87
October i M7 T3 B8 1 Gl
November ¢ %8 | i 74 ) €4 238
December i s { 2.4 70 : () § a0l
' |

{Contd.}
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Tanne L (Goncld.)

: ; RELATIVE HUMIDITY
Magimums | Minimum ? : :
Muonth and years. | temperature. | tempg?turea | FERGENT. i}g‘t‘ﬁ‘}l"
" : - u8+30 hours. © 1730 hours.

1957 ,
anuaty 3008 | 1146 29 88 3041
ebruary 2840 I 1.0 88 3¢ o)
Mearch 20-3 l Hie3 65 34 00
April : 371 991 38 2] 00
May ; 08 26.6 40 E 26 0.0
une : 374 : 267 65 4 i 532
.}u.ly v : 2846 86 bild i 4758
August 330 | 261 84 81 : 361.6
September . 834 : 260 95 87 H 1587
October : 333 ! 21 58 ! 36 : 142
November 202 ball 0 : A5 : 0«0
December | N3 1.9 84 \ 58 : 100

1a58 . i : :
January '_ 24-8 P 81 . a6 ‘ 3140
February : 268 . £3.0 65 1 42 i 0.0
March Ued 74 46 1 23 '_ 24
April ! 382 988 44 [ 28 i 4.3
May TS I g 50 i 23 { 80
lane H 42.% : [ 15 S 62 i 43 398
Tuly : 338 - 957 81 ; 15 _ 1979
Angust i K S 24.7 88 : 86 : 3367
September 132 2541 81 : 7 ; 22}.8
Qctober 81.8 : 42,3 15 ; 70 7.8
November 2.7 5.1 40 58 0
Dacember - 248 | 12.4 80 : 7l 5.3

The usual Hindu and Muslim religious fairs are celebrated in the district.
‘The district trades in sugar, indigo and cloth,

MEDICAL AND HEALTH ORGANISATION.

The noticeable feature among the health problems of the district is the pre-
velence of hydrocoele, elephantiasis and goitre. Cholera, smail-pox and malaria
are also prevalent. There are 19 allopathic dispensaries, 5 primary health units
each having a dispensary, and 19 maternity and child-welfare centres. There are
two National Malaria Eradication Programme Units operating in the district.

FILARIA SURVEY.

The history of the presence of filariasis is quite old in the district as
mentioned in the Gorakhpur District Gazette (1809), but during the recent years
more public attention has been drawn towards the disease. The general belief is
that the disease has been imported from the adjoining areas of Bihar State. Before
tuommencing the survey in the district, the crude disease rate was studied and the
areas were marked out on the map where the work was to be undertaken.
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The survey was carried out in the selected villages by house-to-house visits
between 8 p.m. and mid-night. Persons of all age-groups and both sexes in the
families were examined for disease manifestations, and parusite in the peripheral
blond, by taking about 20 c.mm, of blood from each individual. The thick-films
prepared were examined after staining with J.8.B. stain. Every effort was made
to examine the children below 2 years of age alsa.

INFECTION RATE.

9,012 persons of all age-groups were examined during the present survey.
The result of the blood examination is depicted in Table I1 according to various

age-groups.

Tanre II.
{nfection raie uccording to various age-groups,

b

: Number of persons show- . .'
Age-groups, © Number of per- Infection rate, Average

{yeara). sons examined. ing mfeﬁm in their pet cent. infestation.
TT R R N
Tto B : 35 : 135
Gteld | 1,179 ; 33 2.79 ; 59
iito20 2,447 ! 1y ‘ 478 . 7a
3w 1,761 ! 171 : 88 : 0.2
o4t 1,688 i 16} 1618 . @2
il to BO : 289 125 : 12+5] g0
Above 50 | 568 ; 59 _' 1042 2.0
Total po1z o5 | 7445 R

The infection rate for all ages worked out to 7-45 per cent. The lowest age
at which the infection was found, was in a male child of 3 years. The infection
rate increased with the age, being maximum in the age-group of 41-50 years, after
which it declined. The type of infection detected was only W. bancrofti.

The average infestation was found to be 11 microfilaria per 20 c.mm. of blood
and the maximum number of microfilaria found in one slide was 87.

DISEASE RATE.

During the surveys, the same persons from whom blood was taken were
examined for disease manifestations. Qut of 9,012 persons examined, 1,227 persons
were found to have various disease processes, namely, hydrocoele, swelling of
genitals, elephantiasis of both the imbs and chyluria, The disease rate worked
out to be 13-61 per cent, Table 11 shows the incidence of disease according to
age-groups.

The earliest age at which the disease was found, was in a male child aged 3
years having hydrocoele. On perusal of Table I, it is clear that the disease
rate increased with the advancement of age, the highesi being in the age- aroup of
above 60 years, oSO

LAY

-'vo!
% Date U,,GZ,@‘\
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Tasre .
Disease rate at different age-groups.

Number of persons show-

Agesgroups, ' Number of persons : . B H g i Disease rate,

{years). examined. r ng dnsea:iz:nmfm : per cent.
Oto ) 8 ! Nil Nl
2to b : 443 : n 2e4B
bte 10 | 1,179 : 24 : 2.08
11 to 20 . 2,447 : 134 : Sed'T
2 to 30 1,781 ! % : g-;g
3t | 1,589 ; ! 5
11 to 50 : 984 i 263 : 26.32

Above80 | 366 j 164 [ 28.97

Total | 9,012 ! 1,227 1361

The distribution of the disease processes was also studied and Table IV
shows the percentage of different disease manifestations noticed during the
SULVEY.

Tasrz IV.
Percentage with disease manifestations.

Disease manifestations. l Number showing disease - pe, oy,

Hydrecoele and other 1 3 1

yenital affections. i 45) | el
Right lower limb, : 133 ; 10478
L_eft lower limb. ! 106 li Bl
Right upper limb. : }’6 ! 128
1_eft upper limb- : 20 i T-02
Chyluria. 7 : 005

A ytudy of the Table IV reveals that the commonest manifestation of Alariasis
wus hydrocoele and other genital affections, followed by the elephantiasis of lower
limbs.and upper limbs.  Chyluria was observed in 7 cases only.

ENDEMICITY RATL,

Out of $,012 persons examined during the present survey, 872 showed micro-
niatia in their blood and 1,227 were found showing disease manifestations. There
were 134 persons showing both, the disease manifestations and infecton, in their
biood. They were from the age-groups § - 10 years (2 persons), L1 - 20 years (12
persens), 21 - 30 years (23 persons), 31 - 40 years (35 persons), +J - 30 years {47
nersons) and above B0 years (13 persons). This shows that the incidence of
simultaneous presence of the inlectivn in the blood and disease manifestations is
maximum in the age-group between 41-50 years. The endemicity rate in the
district of Deoria works out to 19-58 per cent which is moderate. The endemicity
rate according to age-groups is shown in Table V,



Diwan Chand, M. V. Swgh and V. K. Patiak.

Endemicity rate,
per cent.

Nil
3.83
4+86
Q4.

23.07
3108
3413
31

19.58

Taprg V.
Endemicity according to different age-groups.
Age-groups | Infection rate, ! Disease raie,
{Years). i percenk. per cent.

0 to 1 Nil Nil
2 o § 1+35 hedf
8 to 10 2.7 2403
11 o 20 478 5ed]
21 to 30 2 14+76
3t 0 40 1013 28.15
[ 1251 2032
Aboave 50 1042 26407
Total of all age~groups | 7445 13.81

31

The data collected during the survey bave been further apalysed to study
their relation with sex and religion. Table VI shows the infection, disease and
endemicity rates amongst male and femnale population.

TasLt V1
Infectiun, disease und endemicity rates according o sex.
IDTSEASE MANIFESTA- | . \ Borw prsease AND
. | Nurober TIONS. E]NI’ELTIGN IN BLOOD. : INFEGTION.
Sex. ‘examined. ORI S e g it e
' Number. | Per cent. ' Number, ' Per cent. i NWumber. = Per cent.
i s S S D
e — o — I T
Mae | 7128 | tue | 1see | s D oses !z 1468
Female 1,883 87 ! 462 1 I, 606 1 0474
E

Enderricity
rate,
per cent.

2018
083

H

From Table VI, it is noticed that the disease, infection and endemicity rates
are higher amongst the male population, but as the number of females examined is
cemparatively too small no definite conclusion can be drawn.

Table VIi shows the incidence of disease, infection and endemicity rates
sinongst Hindus and Muslims, the two main religions in the district,

Tasie VI,
incidenve of disease, wmfection and endemicity rates in Hindus and Muslims.

NUMBER OF ?ERSONS!NUMEER OF PERSONS

WNUMHBER OF PERSONS;
WITH INFECTION.

NUMBER OF PERSONS |
WITH BOTHE (DISEASE !

';'i-indu. Muslim.

ENDEMICITY RATE.

AND INFECTION). | PER CENT.

. Hindu. ; Muslim,

EXAMINELD- WETH DISEASE,
S S
Hindu. | Mushim. | Hindu. | Mustio.
....____,_; [ - .!?:_‘.........
8,018 . 994 | 1128 ]

403 68

103

N [
Hindu. | Muslim.
‘!-.

E

t
3k 20:3

| 13.78

On perusal of Table VII, it is clear that the disease, infection and endemicity
rates amongst Hindus are higher than the Muslims, but since the sample collected
from Muslims is comparatively small, no definite conclusion is possible.
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ENTOMOLOGICAL OBSERVATIONS.

The mosquitoes were captured from different areas of the district from human
dwellings, cattle-sheds and mixed dwellings. A total of 2,617 mosquitoes were
caught, out of which 1,482 were identified as Culex fatigans and 1,085 as anophe-
lines. Female mosquitoes of both varieties were dissected to determine the vector
species. Qut of 485 Culex fatigans dissected, 76 were found positive with develop-
ing forms of larvae, giving the infection rate as 15-7 per cent. The infectivity rate
works out to 2.8 per cent, None of the anopheline mosquitoes was found positive,
The result of dissection is shown in Table VIIL

Taece VIIL,
Result of mosquitoes dissection,

N ! Nuwmmes oF MOSQUITOES WITH
- Number umber | Number found LARVAE, STAGE-WISE
Type of mesquito. collected. | dissected. popitive, T T

P nlmo | w

f

Culex fatigans .. | 1,482 483 kl 9 ' 32 21 14

Anopheles sp. 1,035 335 Nii Nil [ il [ Nil ¢ Nil
Total w| 2617 820 76 o 1 a2l ;' ou

It is evident from Table VIII that Culex fatigans is the vector of W, bancrofti
infection detected in the district of Deoria. A thorough search was made to find
out the breeding places of the vector mosquitoes which consist of stagnant pools,
domestic cess pools, ponds and stagnant drains, small nalis and inundated low
lands where water stagnates.

SUMMARY.

The filaria survey of the District of Deoria was carried out under the Filaria
Survey Unit, Ghazipur, where 9,012 persons of all age-groups and both sexes were
examined.

The infection and disease rates were found to be 745 per cent and 13-81 per
cent respectively, The average infestation is 11 microfilaria per 20 ¢.mm. of blood.
The endemicity rate is 19-38 per cent which is moderate.

The relationship of disease to the sex and religion have been studied, but no
definite conclusion has been drawn as the samples of females and Muslims were too
small, The type of infection is only W. bancrofti and the vector is C, fatigans.

The vector mosquito breeds in dirty water collections where organic
pollution is plenty.
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A NOTE ON FILARIASIS IN GONDA TOWN
(UTTAR PRADESH).

BY
DIWAN CHAND,
M.V. SINGH,
B.B. GUPTA
AND
R.N, SRIVASTAVA.
{Mualaria Organization, Uttar Pradesh).

{ june 23, 1960.]

INTRODUCTION,

Gonpa Town, the headquarter of Gonda District, is a municipal town with a
population of 32,749, out of which there are 18,323 males and 14,426 females,
The whole town is divided into seven wards (Map 1),

The climate of the town is moderate, the maximum and minimum tempera-
tures being 42:4°C. and 7-4°C. respectively. The rainy season extends from the
middle of June to the end of September, the average annual rainfall being
1385.3 mm., and relative humidity 70 to 90 per cent. The meteorological data of
(Gonda Town for the years, 1955 to 1959 are depicted in Table 1.

The town has not got a safe water supply. Wells and hand-pumps are the
present sources of water supply. There is, however, a proposal to establisha
water works for the town. There is no organised system of drainage for the sullage
and ablution water which stagnate at places in pits and small pools, forming ideal
places for the breeding of the mosquitoes, The sub-soil level of water is 15 to 20
feet,

The town is connected with the neighbouring areas by rails and roads, There
is no big fair held in the town, which is of significance as regards migration, except
the annual development exhibition in which people mainly from the district are
atéracted.

The town is provided with a modern hospital and a maternity and child health
centre. The municipality has got its own Medical Officer of Health who carries
out some anti-mosquito measures in the town.

It is stated that the disease was not prevalent in the area about 50 to 60 years
back. It is for the lagt 10 to 15 years only that an upward tiend in the incidence
of the disease has been noted.
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£ Filariusis in Gonda Town:
Tasce 1. {Concld.)
Meteorological data of Gonda Town.

y .

: Maximum Mipimum | RELATIVE HUMIDITY. Rainfall

Vol and year. | lemperature  temperature oo oo i \ ey

. i B3, ; . 08:30 houre. | 17:30 bours. {in millimeters).
o o L. _— .

1958 T 86 80 81 22.8
fanuary i 26:% ! i 62 40
Februery E 328 -3 45 23
March | 383 | 2)4 36 10
April ; 424 7 230 41 19
May ’ 41.8 289 53 35 2146
lune : 33.2 : 24.7 82 72 250.6
Tuly i s 23.8 80 83 44144
August ] 321 2347 84 80 2144
Jeptember 1 814 1ihed 83 0 6.4
October i 283 | 12.3 78 i ]
November { 237 ' 1.0 L) i 70 AU
December : 'i i N SN O

; ; | Total 104342 mom,
! ! e e e i e e m
. ¥

1958 : ig [
fanusry 216 Dot H8 70 Bty
Febrpary ' 239 ) Y3 ki3] b -

March . a8 150 85 84 6.0
April 383 21.3 45 27 1.6
May » 4041 95+4 53 36 : 20.8
fune 37.5 27.3 68 al ; 60-3
Tuly 330 260 83 i 7* 3384
August 3244 .6 80 I 78 2568.0
Setember 330 2T | 80 i 72 s 143.6
October 30:6 22.3 : 84 ; 73 ] 12542
November 2842 13+% B ; 62 : s
December 246 . ol B2 , 71 :

1

1]

FILARIA SURVEY.

The survey of Gonda Town was conducted during the months of May-— June,
1958 and October, 1959 to May, 1960, It included all the wards of the town.
Persons of all the age-groups and both the sexes were examined by house-to-house
visit between 20-00 hours and 24-00 hours.  Approximately 20 c.mm. of blood was
ubtained from each individual for preparing thick smears which were examined

after staining with JSB I stain. The incidence of disease manifestations was also
snvestigated during the survey.

INFECTION RATE,

Uut of the total population of 32,749 the number of persons examined was

3098 which represents U9 per cent of the population. Table IT shows infection
sate according to different age-groups.
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Taseg 11
{nfection rate according to different uge-groups.
T N
Age-groups Nur;}\;:rnsof Number of persons  Infection rate, . A ¢ infestation rate
{years). egamine d. with infection. per cent. - per 20 ¢.mm. of blood,
9w I 13 : Nil PNl ' Nil
2t 5 i 205 : 3 243 Te2
Bto10 | 443 23 5019 5485
L to 20 807 65 8+06 : 10-87
21 o 30 i T3 ; 88 Ef-38 T3
1 to 40 t 208 : 57 1119 ' B34
4 to B0 ! 206 ! 19 9,22 ! 9436
Above 50 142 14 9.85 10470
Taotal 3,008 271 878 8.15

The infection rate for the town worked out to be 875 per cent. The lowest
age at which infection was noted was in a male child of two years of age. The
infection rate increased as the age advanced, reaching the maximum in the age-
group of 21-30 years after which it started declining. The type of infection noted
was W. bancrofti.

The average infestation was found to be 8:15 per 20 c.mm. of blood, and the
maximum number of microfilariae found in one blood smear was 80,
DISEASE RATE.

During the blood survey, the same persons were examined for disease mani-
Festations. 157 persons, out of 3,008 persons examined, were found with disease
processes in the form of hydrocoele, elephantiasis of the scrotum, limb affection
and chyluria. The disease rate worked out to be 508 per cent. The youngest age
at which the diseage was noted was a boy of 8 vears of age, having hydrocoele.

Table 111 depicts the incidence of disease according to age-groups.

TapLe IIL
Disgase rate according to different age-groups.

Age-groups | Number of persons | Number of persons showing Iv Disease rate,

{years}. eXxamined. discase manifestations, ! per cent.
Ote 1 1 i3 Nil 00+00
2t0 & 205 Nil | 00:00
8ta10 ! 443 3 i 0045
o220 807 15 ; 185
21 o 30 : 773 52 : 672
Wiodd 500 51 ; 10.02

1050 | 208 15 rr

Above 50 42 28 i 15«40
Total : 3008 187 i[ 503
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Table I} shows that the disease started fo appear in the age-group #—1v
vears 1nd reached the maximum in the age-group 21—30 years, Jt remained stable
in the age-group 31-40 but declined in the later age-groups. The sample size of
persons of *41 vears and above” was, hnwever, small.

Table IV shows the incidence of the various disease manifestations noted in

he persons examined,
Tants IV,

Percentage with disease manifestations.

Number showing the ‘ Percentage of all disease

Disease manifestations. Jisease manifestations, s,

Hydrocoele and other genilal i
affections. 6 1 8424
Right lower limb, : pit| 1 12,72
Left tower limb, : 37 : 16:38
Right upper limb. ] 3 182
teft upper limb. i 4 [ 2,48
| 4 I 2043

Zhyluria.

it is seen from Table TV that the hydrocoele and other genital lesions were the
sommoenest in the area, and next to it was the affection of the lower limbs.

ENDEMICITY RATE.

3.008 persons were examined for microfilaria in the blood and disease mani-
festations. Out of them, 27) showed microfilaria in the blood and 157 were found
with disease manifestations. There were 9 persons showing both, the isease and
‘nfection in their blood, out of which 7 were Hindus and 2 Muslims. They were
fromn the age-groups 21-30 {4 persuns}, 31-40 years (8 persons} and above 50 years
:2 persons). This shows that the incidence of simultaneous presence of infection in
the blaod and the disease manifestations is maximumm in the age-group 21 —3¢ years.
‘The endemicity rate of Gonda Town worked out to 13-52 per cent which is
moderate endemicity, The endemicity rate according to the different age-groups

i set out in Table v,

TasLg V.
Endemicity rate according to different age-groups.

Age-groups * Infection rate, | Disease rate, Mixed rate, Encl:l;licity

) . : \
(vears). per cent. . per cent. | pet cent. © percent.

ot 0000 L 0000 | 0000 ' 00:00
Zte 5 2.43 0040 . 00.00 , 2.48
8 to 10 519 00-45 : 00,96 5.64
il to 20 L1 1.85 . 0060 050
21 to 30 1138 6072 _ 60.32 {758
31 10 40 11-19 102 01059 20.63
i to 50 Yo 7ed0 O 00.00 16.Fi2
Above 50 875 15040 j 1.40 28404
Total = 875 500 00-29 13-52
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The data collected dwing the nighit surveys was furrher snalysed to determine
the difference, if any, between the sexes and the religious groups of the town,
sumely, Hindus and Muslims.

Table VI below shows the infection, disease and endemicity rales amongst
males and females.

Tazz VI
{njection, disease and endemictty rates according to sex.

Ll
| BoTa p1sgask anp f Endemicity

: Distase ; .
. Number | MANIFEETATIONS. INFROTION 14 BLOOD. P INFECTION. i rate.
N ! ] H . H X
‘gxamined. | - , g T e e e T ! et
: . Number. | Per cent. | Number. . Per cent. | Number. | Per cent. | Per cent.
\fale 2,937 ¢ 185 608 | 218 0.8y g 0 15.51
N H I H
Female pgE . 22 #7653 %12 . Ni Nii | 1288

From Table VI it is evident that the disease, infection and the endemicity
rates amongst the males were higher than those for the females. However, the
sample sizes of the two sexes differed significantly.

Table VIl shows the incidence of disease, infection and endemicity amongst
the two main religious groups, viz,, Hindus and Muslims.

Taste VIL

Incidence of disease, infection and endemicity in Hindus and Muslims.

. . : . " . © NUMBER OF PERSONS
\NGMPER 0F PERSONS NUMBER 0F PERSONS.NUMBER OF PERSONS, WITH BOTH {DISEASE

3 1
. i SEASE. . O
RXAMIWED 1 WITH MISEASE ; WITH INFECTION . AND INFECTIONS).

ENDEMICITY WATE,
PER {ENT.

Hindus. | Muslims. Hindus. | Muslims.. Hindus. [Mustims. | Hindus. * Mustims. | Hindus. |Muslims.

1,793 1,305

R
| ' - ; i
| 98 1 - 9% 7 2 1527 1111
I B ;

Table VI indicates that there was no appreciable difference between the
«ndemicity rates in the two main communities, viz., Hindus and Muslims, residing
in the town.

The results of the surveys carried out in each of the seven wards, in which
ine town has been divided for administrative purposes, are set in the Table VIIL

ENTOMOLOGICAL OBSERVATIONS.

72 catching swations, comprising human dwellings, cattle-sheds and mixed
Jwellings, were established during the survey for adult mosquito collections in the
various wards of the town. The mosquitoes caught were identified and later dis-
<ccted for determining the vector species. A total number of 2,548 mosquitoes were
collected. The rer man-hour density of C, fatigans was 39, while of the Anophelene
i was 1. The results are depicted in Table IX.
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Tase VIIL
Infection, disease and endemicity rates, and the average infestation
in different wards of the toum.
Ward  Total | Population | 1190 | Digease rate, | Eademicity | Average
Number. . population. | examined. per conts per cent. | percent. | per 80 c.mm.
T _...___l.; JEN SRV (u— ’_3.;; — L........_,...:.;.....,._f__ 13‘67 JR— ;_.__,._..__7‘00
i 1-538 636 B i
|} L 4,480 210 12:85 3.68 I 15423 ! 11-56
| 5284 532 842 | 248 ;1041 720
W i 4,238 514 6.6} . i 1167 . 885
v 1 4,535 376 1143 : 838 : 1755 . 7467
vi ! 4740 a8 608 %17 {10418 8r64
VII i 4,188 421 11.16 986 : 20.18 8.9
ot i — R et S
Total | 32,749 3,008 875 503 1368 | 849
Tasz IX.
Results of mosquito dissection.
. 5 " Number ‘ Number STAGE OF LARVAL.

Type of mosquito. Number Y : bt , -
e v e e F— o RN VUSRS RGN SO O R S
Culex fatigans 2,268 536 | 4 ; 1 ! 4 - 2
\noghalene . ! . :

{all species) _ 205 - 12 | Nil ; Nit | N Nil

It is evident from Table 1X that the vector species of filaria in Gonds town
was (. fatigans. The infection rate in the mosquito was found to be I-3 per cent.
The infectivity rate was 0-37 per cent.

A thorough search was made throughout the town to study the breeding
places of the mosquitoes, specially the Culex sp. The breeding places consisted
mainly of domestic cess pools, stagnant pools from drains, nullahs and tanks.

SUMMARY.

A filaria survey was carried out in Gonda Municipal Town. 99 per cent of
the population was examined. The town was found to be endemic, the endemi-
city rate being 13-52 per cent. The infection and disease rates were found to be
3-75 and 5-06 per cent, respectively.

The youngest age at which the infection was noted was a child of 2 years, and
the disease in a male child of B years of age.

Persons from both the communities (Hindus and Muslims) were examined
during this survey, and the endemicity rate amongst Hindus was found to be 15.27
and amongst Muslims 1171 per cent. Sx-wise, endemicity rate in males was
found to be 15-51 while in females it was 12-88.
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The chief disease manifestation was hydrocoele which coastituted 04-24
per cent and next common to it was elephantiasis of the lower limbs (29-08
per cent).

The type of filarial infection was found to be W. bancrofti and the vector
Culex fatigans.
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SUSCEPTIBILITY OF AEDES ALBOPICTUS TO
DIROFILARIA REPENS INFECTION IN CATS.

BY
C.P NAIR,
RADHAGOVINDA RQY
AND
N.G.S. RAGHAVAN.
i Malaria nstitute of India, Delhi.

i fuly 29, 1969,

DiRoFLARI AL wfections m 2ats o Ueniral Kerala (Ernakuiam and surrounding
areast were noted during a routine survey of animals for filarial infections {Annual
Report of the Malaria Institute of India, 1967), These studies were extended to the
vear 1968 during which 2 out of 15 cats were found positive for Mf, D. repens.

Bhalerao {1938) had mentioned that Aedes aegypii is & good vecior for
D). repens in the dog. Aedes albopictus were noted in fairly large numbers in
P'rnakulam urea where this filarial infection exists in cats. It was decided to study
the results of Infecting this mosquito experitnentally with cat filarin.  The results
obtained are set out in this paper,

METHODS AND MATERIALS.

Two cats { Nuinbers I and 2) with 28 and 70 microfilariae, respectively, per
) c.mimn. of blood, and Aedes albopicius of Counoor origin maintained in the Jabora-
tury, were used in this investigation. The cats were immobilised and kept in large
msquito-breeding cages into which a number of female mosquitoes. starved pre-
viously for 24 hours, were released. After 30 minutes the animals were removed,
the tullv-fed mosquitoes collected separately and kept in glass chimneys and sub-
sequently fed on glucose. The temperature and the relative humidity of the
insectarium, during the experiment. was 72°F. to 84°F. und 85 to 95 per cent
respectively.  The chimneys were examined daily in the morning and evening.
Recently-dead vr muribund mosquitoes were removed and dissected, -and a
thorough search made for the developmental stages of the parasite in the malpighian
tubules, abdomen, thurax, head and proboscis. The stages of development,
their respective numbers, and the sites where they developed, were carefully
recorded.

RESULTS.
The details of the hndings are .Jepicted in Tables [ and 11, Of 274 mos-

quitoes fed on the two cats, 224 were dissected between the 3rd and 24th day (both
3]
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days inclusive) after feeding. From the Tables, the following observations are
observed :—

1, All the developmental stages were noted in the malpighian tubules,
and only the infective larvae were found in the abdomen, thorax, head and pro-
boscis. Up to the 11th day, the developmental stages were noted in the malpighian
tubules only, whereafter infective larvae appeared at this as well as other sites.

2. The complete development of microfilariae to the infective stage was
possible within 10 to 12 days.

3. Aedes albopictus is a good vector of Dirafilaria repens infection in the cat.
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ADRENAL INSUFFICIENCY OF THE HOST IN P. KNOWLESI
MALARIA.

BY
NAU-NIHAL 3INGH
AND
P.C. BASU.
(Malaria Instituie of India, Delhi.)
[June 3, 1060.]

In a previous communication, Jaswant Singh et al, (1956) had shown that in
P. knowlesi (Nuri strain) infection, which runs a progressively rapid and fatal course
the blood sugar level in the host (M. mulaita mulatia) falls precipitously at the final
stage of infection (fifth or sixth day) and the level attained varies between 12-7
and 40 mg. per cent (the normal values in monkeys varying between 62 and 111 mg,
per cent). They had also noted that the abrupt fall in blood sugar level seemed to
coincide with the gross liver damage in shape of centrilobular necrosis, practically
involving all lobules, and spread well beyond the mid-zonal region. On observing
this coincidence of the liver pathology and the precipitous fall in blood sugar level,
they suggested that the fall in blood sugar level was largely due to liver damage.
But in view of the fact that some healthy glycogen containing liver tissue always
remains available, the probable role of adrepal msufficiency in the causation of
precipitous hypoglycaemia has to be considered.

This paper relates to the investigation in which indirect evidence has been
obtained on the functional insufficiency of the adrenals during the terminal stage of
P. knowlesi (Nuri strain} infection. This could be a further contributory and
concomitant factor in precipitating the terminal hypoglycaemia.

MATERIALS AND METHODS.

Host.—Ten tuberculin negative M, mulatta mulatta monkeys, weighing
between 2-6 and 568 kg., were used for this investigation. The diet provided to the
animals consisted of gram. wheat flour and vegetables or fruits. The total caloric
value ranged between 760 and 800 per day.

Parasite.— The monkeys were inoculated intravenously through the dorsal leg-
vein with a standard dose of 5 10° parasitized cells (Nuri strain of P. knowlesi) per
kg. body weight. The dose invariably proves fatal in five to six days from the date
of inoculation. The cell infection reaches between 60 and 96 per cent. It is also
at this stage that the precipitous fall in blood sugar level and gross liver damage,
girnilar to that noted by Ray (1954), are recorded,

83
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Blood smears were collected in the morning on the 4th day of infection in
two monkeys, 5th day in six monkeys and on the 6th day of infection in two. The
degree of parasitaemia was determined by counting the number of parasitized cells
per 10,000 erythrocytes, Ehrlich’s eye-piece being used for the purpose. The degree
of parasitaemia is expressed as percentage of cell infection.

Estimation of blood sugar.—Fasting samples of blood were drawr on the 4th,
Bth and 6th day of infection from the respective monkeys mentioned in the protocol.
Further samples of blood were drawn at intervals of 10, 30 and 50 minutes, follow-
ing a single infection of adrenaline given immediately after the withdrawal of the
initial samples. The animals were kept fasting till the last sample was drawn,
Blood sugar was estimated according to the technique of Folin and Wu [1019: 1920),
using a Klett-Sommesson photo-electric calotimeter.

Adrenaline administration,~Adrenaline B.P, 1: 1600 wjv [May and Baker
Lad. {Batch No. 181, 1957)] was used. A single intravenous injection of adrenaline,
at the rate of 50 microgram per kg. body weight, was given immediately after
drawing the initial blood samples on the 4th, 5th or 6th day of infection, as noted
against the individual monkeys (Table I).

Tasre 1.

Response of biood sugar level to extraneous adrenaline in monkeys with advanced
P. Knowlesi infection (dose of adrenaline 50 microgram per hg. body weigh).

]
- Initial fasting ;
A Degree of  blood suger | BLOOD SUGAR IN MG. PER CENT VALUES AFTER
§ Monkey! Day of parasitdemia = value mz. 10, 30 AnD 5 MINUTES OF
2, {number.| infection. (Pfcecgflage per gzgie;ust ADRENALINE INJECTION,
g infection). ' adrenaline |—
i injection. 10 minutes. | 30 minutes. | 50 minutes.
1] gus| sk 63 454 96.3 853 68-1
2 8124 6th 71 : 41.2 88+05 4.1 4.2
3| 841 Bth 84 i 4744 787 88.8 1]18-1
3| 8147 6th 64 | 750 90-0 950 L aae0
& 113 5th 80 : 47.0 860 0.0 7040
# 133 5th 80 i 45-0 8240 65-0 50«0
" 29 dth 50 I 30.0 40:0 8540 5840
B 264 bth [i13 i 460 830 530 5540
) 212 5th 58 ! 42.0 4840 530 518
10 326 | dth Fi:] i 3740 43.78 54425 : 551

EXPERIMENTS AND RESULTS.

The day of infection, the degree of parasitaemia, the initial fasting blood
sugar value and response to extraneous adrenalines given, are shown in Tabie 1.

It would be observed that the degree of parasitaemia in ali the monkeys,
immediately before adrenaline was administered, exceeded 50 per cent cell infec
tion. During the same period, considerable hypoglycaemia, which ranged from
750 10 30:0 mg. per cent, was observed. Estimation of blood sugar levels in
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different monkeys, 10 minutes after adrenaline injection, showed a rise in bloed
gugar values in all the monkeys and these values ranged between 400 and 96.3 mg.
per cent. The data were, however, put to statistical test and the apalysis of
variance technique showed that on the whole there was significant increase in biood
sugar level following a single injection of adrenaline and that this higher blood
sugar level was maintained up to 50 minutes as was evident from the subsequent
determinations.

DISCUSSION.

Clinical signs such as asthenia, hy potension and bradycardia bave been observed
in algid and comatose malaria, and the suggestion that these could be due to adrenal
insufficiency, has been made by many workers (Paisseau and Lemaire, 1936 ; Fraga
and Motta, 1917 ; MacDowe!l, 1917}, Various histo-pathological evidences of -
damage to the adrenal glands, both in human beings and in monkeys, in the shape of
degeneration, necrosis, haemorrhage, vascular congestion and thrombosis, cellular
infitration and oedema, involving both medulla and to some extent the cottex, have
been put forward in support {Paisseau and Lemaire, 1916 loc, cit. ; Natali, 1934),
Careful autopsies on 26 monkeys, infected with P. knowlesi, have shown relatively
inconspicuous pathelogical changes like small scattered haemorrhages, mostly in the
region of the corticomedullary junction, in a few monkeys (Rigdon and Stratmen-
Thomas, 1942). In monkey malaria, therefore, histopathological evidence of
constant damage to adrenals has not been provided.

Changes in the chloride and sugar content of blood in acute malignant tertian
malaria, during the paroxysm, have been claimed to be due to adrenal insufficiency
by Miyahara (1936) and others. In about 1/8rd of his cases of acute and chronic
benign and malignant tertian malaria, showing signs of adrenal insufficiency, Chessa
(1938) found a definite increase in sensitivity to insulin and deduced that there was
in these cases, some degree of adrenal dysfunction.

The degree of hypoglycaemia in the texminal stage of P, knowlest (Nuri strain)
infection in this investigation was as much as 30-0 mg. per cent. In a larger
number of observations made previously, the hypoglycaemia had been noted to be
as much as 12 to 15 mg. per cent,, with no appreciable tendency to lessen during
the residual survival period of the host { Jaswant Singh et al., 1956 loc. cit.}. The
hypoglycaemia by itself should provide necessaty physiological stimulus for
increased adrenaline secretion (Cannon et al., 1924) and mobilisation of reserve
glucose (glycogen). In spite of the extensive liver necrosis found during the termi-
nal stage of infection (60 per cent or more cell infection), raising of the blood sugar
level, following adrenaline administrat'on, shows the availability of residual glyco-
gen, probably along the periphery of the liver lobules, as the glycogen stores in the
muscles are unable to contribute to the blood sugar. Probably insufficient adrenal
medullary function prevented the glycogenolysis, and the hypoglycaemia was
precipitous.  Vis-a-vis adrenal cortex, experimentally bgtter' concentration of
glycogen in the liver and in the skeletal muscles of heavily infected monkeys,
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following intravenous injection of glucose, was noticed in animals which received
adrenal cortical hormones {Devaku! and Maegraith, 1958).

Conversely, in the terminal stages of P. knowlesi infection, dramatic resuscita-
tion of the shocked animals after administration of extraneous nor-adrenaline and
partial resuscitation after the administration of extraneous adrenaline, have been
demonstrated (Maegraith, Devakul and Leithead, 1959«). High dosage of adrena-
line (640 microgram) was required to cause a slow rise of blood pressure in the
monkeys in the terminal stages (Maegraith, Devakul and Leithead, 1969b), The
vasomotor response to exiraneous nor-adrenaline and adrenaline may indicate
insufficiency of the medullary secretion of the adrenal glands in the termiral stages.

SUMMARY.

On the fourth, fifth and sixth day of P. Rnowlesi (Nuri strain} infection, the
parasitaemia ranged from 50 to 80 per cent cell involvement in M. mulatta mulatta
monkeys, Concomitantly the hypoglycaemia ranged from 30:0 to 75-0 mg. per cent
{fasting values).

Administration of a single dose of extraneous adrenaline raised the blood
sugar values and the effect lasted for at least 30 to 50 minutes.

Hypoglycaemia per se should provide the required physiological stimulus for
she mobilisation of reserve glucose via adrenaline.

Response to exttaneous adrenaline showed the availability of glycogen in the
liver in spite of its gross damage.

It is inferred that adrenaline insufficiency could be a contributory factor in
caysing the precipitous fall in blcod sugar values noted in the terminal phase of
£, knowlesi {Nuri strain) infection in M. mulatta mulatta monkeys.
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RESULTS OF A RAPID SUSCEPTIBILITY SURVEY OF
ANOPHELES CULICIFACIES IN BOMBAY STATE,
INDIA, DURING 1959, REVEALING CONTINUED
SUSCEPTIBILITY TO DDT, EXCEPT IN A FEW
SCATTERED POCKETS*.

BY
T.B. PATEL,
T. RAMACHANDRA RAO
AND
8, C. BHATIA,
{(Malaria Organisation, Bombay State, Poona, India.}

[Jupe 23, 1960.]

Work on measuring of susceptibilities to DDT of Anopheles culicifacies, a
major malaria vector, was started in Bombay State, India, during 1956 and bas since
then been regularly carried out and the results published, vide Ramachandra Rao
and Bhatia (1957) and Bhatia et al. {1958}, and enough of base-line data has been
collected so far. But hitherto the procedure had involved trials of series of dosages
of insecticides with a good number of replications at each place of test. The staff
allocated for this purpose being limited, the speed of detecting the development of
resistance, if any, was not considered adequate for a State of such a vast size,
measuring approximately 200,000 square miles., Besides, during the months of
August and September, 1969, lowered susceptibilities of A. culicifacies to DDT
were observed in three or four widely separated localities of the State, This caused
some concern and created apprehensions about the possibility of vast areas being
involved in this new situation of lowered susceptibility, Therefore, it became
essential to carry out a rapid susceptibility survey of A. culicifacies in as large a
number of places as possible, using a less elaborate procedure.

In consultation with Dr. B.A. Rao, the then Director, National Malaria
Eradication Programme, Delhi, it was decided that a number of teams should be
organised immediately to survey all the districts of the State in as short a period as
possible. Some teams were to be formed from the staff deputed by the Malaria

* After the submission of this report to the press, further extensive work hes been carried out in
the States of Gujerat and Mahatashtra to determine the susceptibility status of A. culicifacies
to DDT and the results have been classified, according to the recent World Health Organization
ctiteria, as resistant, intermediate or susceptible, In the year 1960-61, a high degree of resistence
has been found in an area of approximately 10,000 to 15,000 2q, miles in a contiguous area in the
districts of Jalgaon, Dhulia, Broach, Baroda and Panch Mabals. The results of these
inveatigutions will be published in due course. ~-Authors

b7
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Institute of India and some by the Bombay State Malaria Organisation, and each
team was assigned a certain region for rapid testing of the susceptibility of
A, culicifacies to DDT,

It was decided to employ a single dosage for these purposes. The dosage
selected was 2 per cent DDT, which had earlier given approximately a mortality of
100 per cent in A. culicifacies with one hour’s exposure. The employment of a
single dosage under such a situation, as described above, was considered justifiable
a8 we bad enough of base-line data and as we had to cover a vast area in short time.
Any lowered susceptibility would be reflected in the percentage of survivors at this
concentration. The method employed proved itself to be quite useful in covering
a vast number of places within 2 short period with a limited staff.

This paper reports the results of this rapid survey carried out, using 2 single
dosage of DDT, together with the results of tests with full series of dosages
mn places where lowered susceptibility was noticed. The data presented relate only
100 the tests carried out by the staff of the Bombay State Malaria Ozrganisation.
Some data which had been previously collected, have also been included in this
report in order to provide a comparative picture of the situation.

MATERIAL AND METHOD.

World Health Organization kits and impregnated papers for testing suscepti-
bility of aduit mosquitoes were employed. At each place of test, two or more
replications were tried with a single dosage of 2 per cent DDT, along with controls.
The exposure period was one hour and as usual the observations on mortality were
made 24 hours after the exposure. Only uninjured wild-caught females of
4. eulictfacies which bad fully engorged on the previous night, with ali legs, wings,
atc., in tact, were selected for the experiments. The number of mosquitoes tested
at each place varied according to their availability in that area, the number being
very smail in a few places.

RESULTS.

The tests on A. culicifacies with a single dosage of DDT exposure were
carried out in 49 places, scattered throughout the State, during the year 1959 and
the data collected are summarized in Table I.  As already pointed out, papers im-
pregnated with 2 per cent DDT were used to give an approximately 100 per cent
mortality of A. culicifacies in earlier years, In the present series, 100 per cent
mortality was obtained in only three out of 49 places. As a sample of the dosage-
mortality relationship in a highly susceptible population, the data in respect of A.
sulicifacies collected in 1957 are presented in Table IT and plotted in Graph 1. The
lower mortalities obtained now {in 1959) with the same concentration, therefore, are
suggestive of the development of a certain degree of tolerance. It was extremely
difficuit to set any arbitrary limit of percentage mortality below which a species
could be declared resistant and above which it could be declared susceptible. Unless
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one has a detailed knowledge of the genetic composition of the population, it
would be hazardous to make precise classifications. But for practical purposes,
the degree of tolerance would have to be classified. Therefore, we have utilised
the following classification.

Grade of tolerance. Range of mortality with 2 per cent

! ‘T dosages.
U Susceptible. | Above 15 per cent.
2 Moderately tolerant. | 20-75 per cent.
3 Resistant. | Below 20 per cent.

Data of Table I, based on this classification, are presented in Map 1, showing
localities where tests were performed.

Based on this classification, A, culicifacies was not regarded as highly resistant
in any place in Bombay State, In 42 out of 49 localities, the mortalities were above
75 per cent and, therefore, the species may be regarded as still susceptible in such
places. In 7 out of 49 lucalities, the susceptibilities have ranged between 37 and 15
per cent. These areas present pockets in which A. culicifacies populations have
become moderately tolerant. The list of such places ig i—

. . Percentage Month of
District. Villages. mortality. experiment.
Aurangabad. Fardapur. 88 September, 1989,
Panchmahals. | Khumpir and Sindbai. a7 September, 1158,
Nasik. Rortembhe and Titoli. 55 September, 1069,
Panchmahals. Navakua. 49 September, 1959.
Parbhani. Deosadi. a3 December, 1959,
Nanded. Degloor, Mujaida. 81 December, 1849,
Kaira. Fahi. 1) December, 1859,

It is of interest that when the tests were repeated in December, the mortality
was 85 per cent in Bortembhe and it was 79 per cent in Fardapur. In these two
localities at least, there was some degree of reversion towards susceptibility.

The full series of dosages of DDT were tried in a few places where high
tolerance to DDT was detected and the duta obtained are depicted in Table ITI,
along with the probit-analysis. Log dosage probit mortality regression lines for
these data are presented in Graph 1. At Khumpir of Halol Taluka of Panchmahals
District, where culicifucies was highly tolerant to DD'T, additional tests were
cariied out with longer times of exposure at 2 per cent concentration. The time
mortality data with 2 per cent DDT are summarised in Tsble 1IV. At the same
place, a full series of Dieldrin dosages with the W.H.Q.-impregnated papers was
also tried and the data, along with probit-analysis, are depicted in Table V. A few
tests with Lindane {with papers locally impregnated) were also carried out on the
same mosquito at the same place, and the results are shown also in Table V. A.
culicifacies of Khumpir, although highly tolerant to DDT, was still highly sus
ceptible to both Dieldrin and Lindane.
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As the mosquitoes, in the W.H.O. expasure tubes, were found somewhat
restless during the exposure at Khumpir (Halol Taluka), tests with the same W.H,O.
impregnated papers were performed with Busvine-Nash exposure tubes {3 inchx1
inch) and the comparative results with the two types of exposure tubes are presented
in Table VI. There was no marked difference seen between the two types of
exposure tubes (Table VI}. We also used our own papers impregpated in our
laboratory with technical grade of DDT supplied by the Malaria Institute of India,
in Busvine-Nash exposure tubes (3 inchXx1 inch) and the results obtained are
presented in Table VI. We got somewhat higher mortalities with papers impreg-
nated in our jaboratory.

TanLe VI

Comparative tests on A. culicifacies of Khumpir, Halol Taluka, Panchmahals District,
Bombay State, India, with the World Health Organization hit and Busvine-Nash
exposure tubes, using WHO-impregnated papers and papers prepared in the
laboratory. Exposure one hour. Insecticide : DDT.

1 Busvive-Nasy TUBES BusviNe-Nask ToBES
“OLH.O, Krr anp napREG- {8 inasx 1 mcHbk (3 mctix 1 nNCH) AND
: NATED PAPERS. W.H.O.~IMPREGNATED | LABORATORY-IMPREGNATED
of DDT PAPERS: PAPERE.
{Per cent). e ;
Percentage P :
DT of kil DIT 'ercentage | DIT Percentage
. adjus‘ted- Ofk.l“.- ! ‘ ofhll.
Control. NoDDT | 2114 2 0/85 0 0/85 0
05 18/100 18 438 1 2/86 6
1-0 27/102 24 12/36 33 18151 42
240 23/88 36 17/36 40 2434 7
40 70{106 68 236 | 60 2630 88

D = Number of mosquitoes dead,
T = Total number of masquitoes exposed.
DT = Number of mosquitoes dead out of total number of mosguitoes exposed.

DISCUSSION.

The rapid survey of the status of susceptibility, carried out in Bombay State,
has shown that while in the vast majority of the localities in which tests were carried
out A. culicifacies was found to be still highly susceptible to DDT, widely scattered
and extremely circumscribed pockets were found in which there was strong evidence
of a lower susceptibility. Papers impregnated with 2 per cent DDT had in earlier
tests given mortality rates of 100 per cent or nearly 100 per cent in aress which
had never been treated by any insecticide, vide Table I of Ramachandra Rao and
Bhatia (1957) and the unpublished data presented by Bhatia et al. {1958), Similartly
the two per cent concentration had also given nearly 100 per cent mortalities of
A. culicifacies in many areas which had received intradomiciliary DDT spraying
from 1 g0 10 years, except in a few localities where mortalities ranged between 88
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and 24 per cent. Making fair allowances for experimental errors, it is thought
advisable for practical purposes to consider a population of A. culicifacies still
susceptible to DDT if there was a 76 to 100 per cent mortality with papers impreg-
nated with 2 per cent DDT with an exposure of one hour.

The most important question now is whether to consider the mortalities of 37
per cent and 55 per cent obtained in Khumpir (Halol} and Bortembhe {Igatpuri),
respectively, with 2 per cent DDT-impregnated paper as an indication of definite
development of true resistance to DDT or as merely examples of vigour tolerance ?
Unfortunately there is no definite standard by means of which one could declare a
population to have become resistant as distinguished from having developed
vigour tolerance. Unless genetic experiments are carried out, it may not be
possible to give any answer at all. Swaroop (1958) bas indirectly hinted that if
meortalities are found to be lower by about 50 per cent below that obtained with an
extremely effective dosage {2 per cent DDT in the present case) it may indicate a
high degree of physiological resistance. According to this criterion, populations of
A. culicifacies giving kills of less than 50 to 60 per cent with 2 per cent DDT-im-
pregnated paper could be regarded as resistant ones. If so, the A. culicifacies of
Khumpir and Bortembhe would have to be declared as resistant. Trials with the
full series of dosages of DDT in these places gave LCqy's of 2-75 and 1-8 per cent,,
respectively. These values are about 3 to 8 times the values of LGy, in other
sprayed areas (0-5 to 08 per cent) and about 8 to 10 times in totally unsprayed
areas (0-25 per cent) vide Ramachandra Rao and Bhatia (1957). Whether these
figores would justify calling the populations at Khumpir and Bortembhe as
resistant to DDT, is doubtful. Further, the slope of log dosage-probit mortality
regression lines of A. culicifacies of the above mentioned two places (Graph 1} are
not so characteristic of a truly resistant population. The steepness of the line has
somewhat declined ; perhaps indicating 2 mixture of populatians,

After the Jow mortalities in the susceptibility test were noticed, Khumpir
and Bertembhe aress were immediately re-sprayed with DDT at 112 rog. per sq. ft.,
which brought down the densities of culicifacies in both the localities. But the
densities did not come up again in the succeeding months to yield enough mos-
quitoes for purpose of retesting, thereby pointing out that possibly culicifacies. in
these areas had not developed any specific resistance to DDT and what we had
experienced was rather an example of tolerance. Making an allowance for the
fact that the rapid drying up of all the breeding places was to a great extent
responsible for the failure of the re-build up of adult A, culicifasies populations, the
tact that DDT spraying itself produced an immediate decline in density is
suggestive that DDT was still quite effective, This consideration leads one
seriously to doubt whether what we have noticed in Khumpir and Bortembhe dur-
ing the year 1959, was a true case of resistance. Further studies, to be carried out in
these two localities during the succeeding years, perhaps will help to give precise
answer to this question.
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~ Tests have also been carried out at Khumpir with Dieldrin- and Lindane-
impregnated papers. The species was found to be highly susceptible to both these
insecticides.

Tt is appropriate to mention here that rapid susceptibility tests were carried
out by the teams of the Malaria Institute of India in other parts of Bombay State,
which have been separately reported® by them,

Now the intriguing question is how and why lowered susceptibility has
occurred in a few widely scattered localities. The insecticidal treatment has been
more or less uniforn in the whole State. Khumpir and surrounding areas in
Panchmahals District have been under DDT spray for over ten years but so also
have been Poona, Thana and West Khandesh districts. Bertembhe in Nasik
District has been receiving DDT spraying for seven years. The appearance of
lowered susceptibility has, therefore, no relation to the number of years of spraying.
The two localities, where the phenomenon has occurred, are separated from each
other by a distance of over 200 miles and the two cases are not related to each
other. It would be rather far fetched to believe that the genes for resistance were
present only in these two localities.

The matter certainly needs further detailed investigations. The present
indications are that these two instances are perhaps examples of an extreme case of
vigour tolerance in response to purely local conditions. But the findings are
extremely important, highlighting the need for constant vigilence in view of the
programme of malaria eradication which has been launched and is in progresa.

CONCLUSION AND SUMMARY.

A rapid susceptibility survey of A. culicifacies to DDT was carried out in 1959
with the World Health Organization kit, using a single dosage of 2 per cent DDT,
in about 49 places scattered over whole of Bombay State comprising an area of about
200,000 sq. miles. Baseline data, using the full series of dosages, had been
obtained previously. The method proved itself to be very useful in covering large
areas of the State in a short time. The studies showed that A. culicifacies was still
highly susceptible to DDT throughout the State, except in a couple of small
localities in Panchmahals and Nasik districts which were widely separated by a
distance of about 200 miles.

In the places where lowered susceptibility to DDT was encountered, a full
series of DDT dosages were also tried and the results indicated that the LCy in
these places showed a B to 8-fold increase. It is still doubtful whether it iz a true
case of resistance. Indications are that it may be a case of vigour tolerance to DDT
rather than specific resistance. The DDT tolerant A. culicifacies did not exhibit
cross-tolerance to Dieldrin and Lindane {y-BHC),

*Das, M, and Masodes, MLL. (1050) Bull. Nat. Soc. Ind. Mal. Mosg. Dis., T 6, pp. 167-168,
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AN OUTBREAK OF MALARIA IN PARTS OF THANA
DISTRICT, BOMBAY STATE, INDIA, AFTER SEVERAL
YEARS OF SUCCESSFUL CONTROL.

BY
T.B. PATEL,
T. RAMACHANDRA RAO
AND

G.J. AMBWANL
(Malavia Organisation, Public Health Depariment, Bombay State, Poana.}
[May 5, 1660.]
INTRODUCTION.

An outbreak of malaria occurred in a small part of Thana District, Bombay
State, India, between the months of July and October, 1958. This outbreak,
though it had all the characteristics of an epidemic, should perhaps be more aptly
described as a recrudescence because the ares affected was originally hyperendemic
for malaria till 1849 when a malaria control scheme by the use of DDT residual
insecticide was started. The reduction in the incidence of malaria since 1949, till
the outbreak referred to now, had been spectacular.

The outbreak has more than ordinary interest to malaria workers for two
reasons; firstly, it represents the type of ‘epidemic’ from very small origins
visualised by Macdonald (1966) in the Jater phases of a malaria eradication pro-
gramme ; secondly, it represents, perbaps the first instance in India of a large scale
failure of an insecticide (dieldrin) due to precipitate selection of resistant etrain of
a vector species. The outbreak also provides a much needed warning against
complacence both in technical and administrative matters connected with the
malaria eradication programme. This paper has been prepared with a view to
presenting the salient features of the outbreak and it is hoped that the data will be
of use to the other malaria workers as it has been to us.

AREA, CLIMATE AND EPIDEMIOLOGY.

The area of the outbreak was restricted to two talukas {divisions) of Thana
District, Bombay State, India, and had a total population of approximately 86,000
in an area of about 500 square miles (Map I}, The district, as a whole, had a
population of 1-8 million {1951 census) with a total area of 3,758 square miles.

Thana District forms a hinterland to Bombay City. Approximately one-
third of the area of the district consists of coastal plains which are fairly well
populated. The remaining two-third consists of hills and foot-hills much of which

{7
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is fairly well wooded by deciduous forest, The villages are scattered throughout
the area and rice is the principal crop grown. The annual rainfall ranges from
about 80 inches at the cosst to about 200 inches at the foot of the hills. The rain-
fail occurs almost wholly between middle of June and the end of September ; July
and August being the months of the heaviest rain-fall,

The climatic conditions are such that transmission can take place throughout
the year, sulnmer being not too warm nor winter too cold. The range of tempera-
ture is : minimum 20°C. in December and January and maximum 40°C, in May
and June. The transmission season, therefore, is limited more by the availability
of breeding places rather than the temperature and humidity conditions, In the
major part of the district the transmission season is from July to December, coinci-
dent with the formation of ideal breeding conditions during and immediately after
the monsoon. From November onwards the district dries up very rapidly and
except for a few perennial streams no suitable breeding places remain. As a matter
of fact there is acute scarcity even of drinking water in a large majority of the
villages in the hilly and foot-hill sections of the district during the summer months
of March, April and May.

A. culicifacies and A. fluviatilis are the vectors in this area, the former being
more predominant and occurring in enormous numbers during monsoon and
immediate post-monscon months. The malaria susveys carried out in this district
prior to 1948 had shown that practically the entire hill and foet-hill region of the
district was endemic for malaria, the degree ranging from meso- to hyperendemi-
city.

MALARIOMETRIC DATA.

Hince the commencement of the DDT spraying operations in 1949, there has
been a rapid reduction in the incidence of the disease. Periodical annual malario-
meteric surveys indicated downward trends in all the indices, and towards the end
of 1986 the indices were zero or very near zero {Table I). Therefore a question
under consideration was whether the district as a whole was not it for experimental
interruption of spraying as was done in the case of Kanara District, Bombay State,
India (Patel, Ramachandra Rao and Paranjpey, 1957}, Such an interruption was
however, not brought about as we were not quite certain of the epidemiological
status of the district, particularly in respect of the parasitic reservoir and the
manner in which the vector species may react to the release of the DDT pressure.

The dispensary statistics also have shown a remarkable reduction in the
incidence of malaria. The available yearito-year data for 25 public dispensaries
are depicted in Table I-A. It may be mentioned here that the figures do not refer
to malaria cases as determined by blood examination, but those which were clini-
cally diagnosed as malaria by dispensary doctors. The figures reveal that the
number of rnalaria cases treated in 1957 was, till then, the lowest on record in the
district. The sudden rise in the number of cases in 1958 was a result of an out-
hreak which forms the subject of this paper,
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Tasre I,
Malariometric indices in Thana District, cumulative rates.
Priort:c]:
control
Taluka. reasres 1958 1956 1957 1858 1959
(1047)
;. Kalyan S.R. 22:1 1.08 0.0 0.0 0-3 05
C.P.R. iR 0.0 O} -0
i.P.R. 00 $0 00 0.0
2. Thana S.R. 41 4207 0.27 Gel14 0.0 0.7
' C.P.R. 00 00 (1% [ 21)
LLP.R. 0 0.0 00 00
3. Bhiwandi 5.R, 37.1 42 00 0 0«0 000
C.P.R. 0 00 0s0) 0+00
I.P.R. 00 00 18 LU
4, Passein S.R. 48+ 2.6 Not 00 (el [ 2]
C.P.R. S a mif;bl Oal 00
LPR. o 0.0 ® 0.0 00
3. Shabapur S.R. 351 1.8 0.13 0.0 57 09
C.P.R. w1 100 00 040 00 0.2
L.P.R. e b0 00 00 0« 00
8, Murbad 3.R. 413 42 00 00 17+5 9.7
C.PR. 0.0 00 00 062 oy
I.P.R. 0.0 0.0 0 2 0.0
7. Wada S.F. 5381 2.7 -0 00 0 0.3
C.P.R. 0.0 00 0.0 0.0
i.P.R. 9.0 00 1.2 0s0
%, Palghar S.R. 277 1.2 0+0 0«03 Ou} "3
C.P.R. 0.0 0.0 0.0 040
LP.R. 040 0-0 0476 0.0
9. Jawahar S.R. 188 1.9 &0 00 N.A. 08
C.P.R. . 00 00 00 02
ILP.R, 0.0 0.0 00 1-1*
16, Dahanu 5.R. 851 496 0«0 00 -2 0.7
P.R. [IR1]) 00 6.0 §-07
LP.R. 00 0.0 0.0 08
li. Umbergaon S.R. 408 h06 (25 0«0 4 013
C.PR. . 0.1 00 . NA. ¢ (1%
LP.R. Ot (i8] i 00
£2. Mopkhada 3.R. 410 37 009 (=20 Qe 1.03
C.PR, 00 0.0 00 12
I.P.R. 0.0 00 00 00

S.R.m=5pleen rate.
C.P.R,=Children parasite rate.
1.P.R —Infant parasite rate. (All rates are in percentages.)

*One positive out of 90 infants,
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Tanck I-A,
Year-to-year data for 25 public dispensaries, Thana District, Bombay State.

Year. | Number of casesof | Number of malaria Percentage of
' all diseases. cases only. malaria cases.

1848 . 56,169

1947 vas 89,243

1948 ‘e 69,088 ves

1948 193,825 5,824 182

L1860 211,883 35,605 169

1951 181,728 33,688 17.1

1952 222,286 29,225 13.2

1053 254,481 24,175 05

1954 2 18,350 8.3

1555 220,768 16,604 T2

1956 255,883 11,707 46

1957 294,730 7433 2.5

19568 288,851 13,442 47

1059 803,032 6,080 2.0

The malariometric indices for 1987, i.e., the vear prior to the outbreak, are
unfortunately incomplete except for the spleen rates which are fully available for
all sections of the district. But the parasite rates, both for children and infants, are
available only for the two talukas {divisions) in which the outbreak occurred. There
was, however, no indication that in 1957 there was any widespread prevalence of
malaria in any part of the district. Even if there was any increase in malaria cases
in the Murbad and Shabapur talukas {(divisions), it must have been so slight as not
to be reflected in the dispensary figures or in the spleen parasite and infant parasite
rates,

HISTORY OF SPRAYING,
The bistory of spraying in the district may be summarised as follows :

1948-1952 : DDT water-aromesx-soap emulsion, three rounds per year during the
transmission season, at a dosage of 56 myg. per square foot.

1968-1956 : DDT 75 per cent water wettable powder, two rounds each year, at a
dosage of 100{112 mg. per square foot.

1957 Dieldrin 50 per cent water wettable powder, two rounds at 28 myg. per
5q. foot. Some sections of the district (not the area in which the out-
break occurred) bad received the second round of spraying, during
the period September-November with DIDT wettable powder instead
of dieldrin because of cases of dieldrin toxicity noticed among the
workers.

1958 One round of dieldrin, 50 per cent water wettable powder in May-
June, at 28 mg. per square foot. The second round of spraying was
entirely with DDT in all sections and a special third round ajso with
DPT in selected areas.

1959 DDT 50 per cent water wettable powder, two rounds.
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RECRUDESCENCE OF MALARIA.

The above mentioned brief account would be adequate to show that malaria
had been very successfully controlled in the district and at the end of 1957, i.e,, at
the end of ten years of contrcl, the district was practically fit for establishment of
a surveillance organisation to detect and wipe out the remaining foci, if any.

It was, therefore, disturbing to receive reports in September, 1958, that there
was a number of cases of fevers occurring in the two talukas of the district, viz.,
Murbad and Shahapur, presenting typical clinical symptoms of malaria, Investi-
gations soon revealed that the fever cases were due to malaria. Immediate steps
were taken to interrupt further transmission by (7) abandoning the use of dieldrin
and teversion to the use of DDT wettable powder, and (2) widespread distribution
of anti-malarials, chiefly chloroquine, in the entire affected area.

Qut of 1,865 villages scattered throughout 3,767 sq. miles of the district, only
206 villages with a total area of 500 &g, miles were affected by this recrudescence
{Map 1). The area affected was a part of the foot-hill zone of the disirict. The
recrudescence was not restricted to cne or more of a few groups of villages but was
uniformly spread throughout the entire affected area. In Table I are presented the
spleen, child parasite, and infant parasite rates in this district from time to time
and including those found in the period prior to the institution of any control
measures, In Table IT is presented a summary of the malariometric data collected
towards the end of 1958 in the several talukas (divisions) of Thana District,
These data clearly show the manner in which malaria had receded in the district as
1 whole till 1957 as a result of the control measures. [t can also be seen that it was
only in the two talukas of Murbad and Shahapur that increased spleen and parasite
rates were noticed in 1958,

THE ORIGIN, EXTENT AND COURSE OF THE OUTBREAK.

Apart from the annual malariometric survey carried out at the end of the
transmission season of 1958, a special house-to-house enquiry was made during the
spidemic period in a number of villages to determine the extent of morbidity and
the general course of the outbreak. From the replies given by the house-holders
it was noticed that between 58 and 60 per cent of the entire population of all
villages had been affected by the outbreak by the end of September and had suffered
at least one attack of fever between the months of July and September, 1958, The
spleen rates were also substantially high during the epidemic, indicating that spleen
had eniarged rapidly due to the new infections.

The monsoon normally bursts over Thana District at the end of the first
week of June. But in 1858, the first burst occurred on June 21. Thae first new
cases of fever seem to have occurred in the fourth week of July, i.e., some four to
five weeks after the onset of the rains. By the third week of August the prevalence
of fevers was quite widespread and the ‘epidemic’ had reached its peak by the end
of September, i.e., about 100 days after the onset of the monsoon and about 70 days
after the appearance of the first new case,
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Cumulative malariomelric rates—Thana District, 1968-69.
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The villagers, who had ceased to experience malaria over a period of years,
did not at first suspect that the fevers were due to malaria. They, and even most
of the local officials, attributed the rise in the incidence of fevers in July, 1958, to
influenza, an epidemic of which had passed all over the country in the preceding
year. It was only in the later part of August that malaria was suspected as a
cause of the fevers. As the Malaria Department did not have a surveillance or
vigilance organisation located in the area to keep 2 watch on the incidence of fevers
and to investigate the causes thereof, the outbreak did not come to our notice til}
the middle of September when investigations were started. As already stated, the
epidemic was quickly brought under control by wide-spread use of anti-malarials
and by rapid spraying of the area with DDT.

The origin of this outbreak can be attributed to the failure of the dieldrin
spraying which was catried out between May 16 and June 3 of that year, to control
the building-up of mosquito densities after the onset of the forthcoming monsoon on
June 21. Later investigations showed that A. culicifacies of this area had definitely
developed resistance to dieldrin. The LCy, was very well ahove 1.6 per cent., while
normally it was about 0-05 per cent for susceptible populations (Patel et al., 1968 :
1961}, A contributory cause, not for the origin of the outbreak but for its persist-
ence and further build-up, was perhaps the rather late commencement of the second
round of spraying. Such delayed spraying had been a practice in parts of Thana
District because of the general non-approachability of the villages during the
height of the monsoon and the practice had not, in previous years, given rige to any
outhreak of the kind now reported, However, the late spraying could not have
had zny effect on the origin of the outbreak because the first cases of malaria
undoubtedly occurred long before the normal interval of 10 to 12 weeks required
for the second round of spraying.

A question of some interest arises whether the outbreak could bave been
partly or wholly precipitated by the inadequacy of coverage by the insecticide in
space and time year after year. A careful study of the available data from 1953-54
to 1058-59 has shown that there was no unusual increase in the percentage of
missed houses due to refusal or due to being locked. In Murbad Taluka the per-
centage of missed houses was 84 per cent in the first round for 1958, as against
97 per'cent in 1867. The figure for Shabapur Taluka for 19568 was 118 per cent
as against 9-4 in 1957, The percentages of missed houses year after year from
1953-54 were as under :

1958 | 1954 | 1988 i 1956 | 1067 | 1958
Shahapur 7 9:3 729 | 188 | 94 | 1.8
Murbad 1.3 1047 89 | 1kl o7 } &4

The figures do not indicate any significant change in the work in 19568, The
figures for the rest of the district are also more or less similar, the percentage of
missed houses ranging from 17-8 in Bhiwandi Taluka to 4-5 in Wada Taluka during
the first round in 1968,
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Similarly a study of the actual data of spraying in respect of the first and
second rounds in the district as a whole, and particularly in these two talukas, do
not show any significant change in 1958, The period of spraying for the two
talukas from 1953-54 onwards are shown below :—

Murbad Taluka.
Dare oF COMMENCEMENT OF ;
Year i Interval

First round. I Second round. |
1053--54 May 15 September 3 - 15 weeks
106455 May 19 August 18 13 weeks
1855-56 | May 19 August 18 13 weeks
1056-57 May 14 September 10 16 weeks
196758 June 5 September 23 15 weeks
1958-59 May 16 ber 24 18 weeks
195860 May 2¢ i Jaly 15 6 weeks

Shabapur Taluka,

DATE OF COMMIENCEMENT OF

Year. Interval,
Pirst round. Second round. .

105354 June 3 Beptember 29 16 weeks
1954-55 May 30 September 22 16 weeks
1055-56 {a}m a September 25 16 wezke
1956-57 ay 27 October 10 18 wecks
1957-58 une 16 October 13 10 weeks
1958~59 ay 3! Se ber 13 15 weeks
195960 May 15 July 15 8 weeka

While there is nothing to indicate that the intervals between the sprayings
had any significant role in the precipitation of the ‘epidemic’ in 1958, there is no
reason to disregard the possibility that the intervals were long enough to maintain
a low degree of transmission year after year and that the outbreak was precipitated
when the mosquito factor became very favourable in 1958.

SPECIAL FEATURES OF THE OUTBREAK.

The outbreak had several interesting features :

Firstly, it had arisen uniformly in a large number of villages almost eimul-
taneously. Such a simultaneous increase in malaria prevalence in all the villages
of the area could not have taken place without the presence of gametocyte
carriers, spread throughout the area. If the outbreak was due, on the other hand,
only to a very few foci of gametocyte carriers limited to few villages it would not
have assumed the proportions which it did in such a short period and it would
have been perhaps possible to follow the course of the epidemic from village to
village, On the basis of this reasoning, the possibility of the outbreak having
arigen from only a few very scattered gametocyte carriers, can be ruled out,
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Secondly, if it is inferred that the outbreak occurred as 2 result of wide dis~
tribution of gametocyte casriers throughout the area, the next question naturally
arises as to what was the quantum of reservoir at the beginning of the 1968 season.
As has already been shown, all malariometric indices were practically zero at the
end of 1958. At the end of 1957, the spleen rate was zero in the entire district.
Nor was there any indication of any increase in the incidence of fevers in any of
the dispensaries in the district in 1957. Fortunately the child parasite rate and the
infant parasite rate for 1967 are available for the affected talukas of Murbad and
Shahapur (Table 1), Out of 360 children and 192 infants examined, none was
positive for malaria parasites within this area, Quite obviously, therefore, the
gametocyte carriers must have been extremely few in the entire community towards
the beginning of the year 1958 and were low enough not to be detected in the usual
malariometric surveys.

The third feature of considerable interest is the extreme rapidity with which
the nutbreak assumed epidemic proportions. The first new cases of the season
occurred hardly within four to five weeks after the onset of the monsoon. Within
70 to 86 days of the first appearance of the new cases or 90 to 100 days after the
onset of the monsoon, the outbreak had reached its peak. Thete is no doubt that
a number of fresh infections took place even after the peak period was reached but
in diminishing numbers, Our studies, reported later in this paper, have shown
that the epidemic was due botb to vivax and falciparum infections, the latter being
more predominant,

Such a rapid build-up of the ‘epidemic’ could have occurred only if the
reproduction rate of the disease was very high. A high rate was quite possible
tsking into consideration the fact that the densities of A. culicifacies were
eformous.

The absolute urgency of taking immediate steps to interrupt the ‘epidemic’,
and our ignorance about the outbreak at the time of its origin, provided us no
opportunity to study the interplay of the several epidemiological factors as the
'epidemic’ progressed. Even if one could have foreseen the possibilities of such an
‘epidemic’, it would bave been impossible to collect the requisite data in view of
the overwhelming urgency for measures of prompt control of the epidemic and
reltef to the people.

The fourth interesting feature is that the outbreak occurred only in a small
portion of the district though dieldrin had been sprayed in other sectiors also. It
would be rather difficult to believe that both resistance to dieldrin and the resexvoir
of infection were so conveniently prevalent together only in this area. Asthe
entire district practically had the same history of antimalaria measures, till 1957 it

would be difficult to expect that gametocyte reservoir was restricted to this area
only.
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COMPARATIVE STUDIES IN THE AFFECTED AND
NON-AFFECTED AREAS.

The above mentioned features cannot be fully explained without detailed
information of such matters as actual weekly mosquito densities, the degree of
contact of the vector with man, ie., biting rate, the actual number of persons
affected week after week, and a numerical estimate of the actual gametocyte
reservoir just prior to the onset of the monsoon in 1958. Unfortunately such
information is not collected routinely and is not available for the area. However, in
order to gain some ingight into some of the related problems, particulazly regard-
ing the reservoir of infection to be expected in areas where the control measures,
extending over five to six years, had reportedly been very successful, a special
comparative study was undertaken in three groups of villages.

Group A’ consisted of 10 villages within the area affected by the above
mentioned outbreak (Map 1).

Group ‘B’ consisted of five villages in an area of the same district, but outside
the area affected by the outbreak, but having very similar topograpbical and epide-
miological conditions and history of spraying operations including the use of
dieldrin,

Group ‘C’ consisted of five villages situated in another originally hyperendernic
area in the neighbouring district of Nasik, situated some 80 miles away from the
area affected by the outbreak and in which continuous use of DDT, only for six
years, had led to an extremely good control of malaria.

In these special investigations, an attempt was made ¢

{1} to gather information regarding the prevalence of fevers in 1957 and
1958,

{2} to collect blood smears from as many persons as possible in the entire
population of the selected villages, itvespective of sex and age or history of fevers,
and

(8) spleen examination of all the children between the ages of 2 and 9.

The data collected from each of these areas are described below :

GROUP *A’* (Tables III and IV).

This group consists of 10 villages of Shahapur and Murbad talukas of Thana
District with a total population of 5,270. All of them are located within the area
in which the malaria outbreak occurred. The special investigations were carried
out in January and February, 1989, i.e., three months after the ‘epidemic’ had been
brought under control and when there was no evidence of fresh trensmission. This
survey also afforded a further opportunity to distribute antimalarials in the villages.
The spleen rates of the villages varied from 75 per cent to 92 per cent. The
blood smears of 2,204 persons of all age-groups were actually examined and 213 of
them were found to be positive for malaria parasites (P. vivax 74, and P. falci-
parum 129), giving a total parasite rate for the entire population as 88 per cent.
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Tasie IV,
Fever incidence in Group ‘A’ area, affecied by the outbreak of malaria.
- | Names of the i
W [ ANE R ) MNumber Number ! INCIDENCE OF FREVER PER
K| ! villages in Census Number of with history | with history i 1,000 OF POPULATION.
3 g Fﬁmﬁapgl;gnd population. persor;sd of fever of fever e . . s
2l ks SUrveyee. 1 in 1907, in 1858, ¢ 1057 1958
1 : Sapgaon 680 48 4 25 9340 58104
2 ! Satgaon 430 202 i 157 198 7773
3 ! Khutgaon 338 120 | 4 66 333 550-0
4 Pimpalghar i 48 S ¢ 3t 0.0 0394
3 : Narpdgaon 270 116 1 108 | 86 8310
§ ! Vapzala 410 193 0 18 1 0 818+7
7 1 Kesor. 314 196G ] 153 (L) 8053
P | om | e o | e )
9 | Vais . T+ §23.5
It '}Dhasai : 1,746 750 0 428 i 00 870-7
Total | 5,270 2,205 18 | ness 1w 7102

Seven out of 74 infants examined were found to be infected, giving an infant para.
site rate of 9 per cent. Out of 2,295 persons from whom enquiries were made
regarding the history of fevers, 16 reported that they had fevers in the year 1867
and 1,633 in the year 1958, giving an incidence of fevers of 70 and 710-2 respective-
ty for a population of 1,000. The difference between the figures for the years 1957
and 1958 is remarkable, even after making allowances for the natural likelihood of
some persons having forgotten any slight fever which they might have ex-
perienced over a year earlier. But malaria, with its characteristic features and
relapses, is not so easily forgotten. These figures amply bear out the previous
statement that there was no marked malaria prevalence in 1957 in the area.
Roughly, therefore, 7L per cent of the population had expericnced fevers in 1958,
After making allowances for other fevers, one may safely estimate that at least 60
per cent of the population of the area was actually directly affected by the outbreak.

GROUP ‘B’ (Tables V and VI}.

‘This group consists of five villages of Mokhada Taluka of Thana District with
a total population of 5,089, These villages are approximately 30 to 40 miles away
from the area of the outbreak but have the same topography, climate and history
of insecticidal treatment, including the use of dieldrin. The study was made in
January-Feburary, 1859, The spleen rate was zero in all these villages. Out of
2,016 persons of all age-groups whose blood smears were examined, 21 were found
to have malaria parasites, giving the total parasite rate, for the entire community,
of 1.0 per cent. None of the 46 infants, and only eight out of 570 children, showed
malaria parasites. In this case also the bulk of the few positive were actually found
in only one village, Poshera. The history of fevers showed that none of the 2,019
persons investigated reported having had fevers in the year 1857, while 23 (or 11.4
per thousand) reported having suffered from fever in 1958, Here again, allowance
hae to be made for forgetfulness on the part of the people regarding the fevers
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experienced in the previous year. But the Bgures are fully supported by the malario-
metric data, This area, it should be remembered, was also sprayed twice with
dieldrin in the year 1957 and once in 1958, But there was no report of outbreak
or any unusual prevalence of any fevers in this area,

In this connection, it is interesting to compare the spleen and parasite rates
of these five villages, which had been recorded in the year 1948, j.e., prior to the
commencement of the malaria control scheme with the use of DDT, with those
obtained during this study. The rates are depicted below :

E 1948 1958

Name of the village. . Spleen Parasite Spleen Parasjte

Tate. rate. rate. rate.
Poshera 18.0 g7 0.0 23
Khodala 880 | 40 0:0 00
Gonda Bk. 0.0, 8D 00 1-3
Gomghar 345 G0 Oty [11)
Koregaon 150 83 0.0 L

These figures show that over these years, there has been {Z) spectacular
reduction in the spleen rates leading to the practical disappearance of enlarged
spleen (2) a great reduction but still a slight persistence of parasites in the comm-
unity. Whether the persistence of the parasites in this community was a feature of
the year 1958 alone, cannot be positively stated.

GROUP ¢’ (Tables VII and VIII}.

This group consisted of five villages of Dindori Taluka, Nasik District, with
a total population of 4,842. This area was hyperendemic for malaria prior to 1953
and since then bas been regularly under DDT indoor residual spraying, twice a
year between June and November, at dosages of 100-112 mg. per sq. foot, The
special study which was carried out in December, 1858, and January, 1969, has now
indicated that, in 1958, the spleen rate was zero in ali the villages. Out of 2,182
persons of all age-groups whose blood smears were examined, only four were
positive (one P. vivax and three P. falciparum), giving the parasite rate for the
entire population as 0-18 per cent. None of the 81 infants was positive. Only one,
out of 602 children between the ages of one and nine years, was positive ; giving a
childhood parasite rate of 0-2 per cent. The bistory of fevers is extremely interest-
ing i that out of 2,767 persons investigated 21 reported having had fever in the
year 1057 and 82 in 1088, giving an average incidence of fever 7-6 and 30°1 per

thousand respectively.
This area was also, as already stated, highly malarious, as can be seen from

the spleen and parasite rates pertaining to the same villages for the years 1947-48
presented in Table 1X, along with those of 1958, for purposes of comparison.
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TasLe IX,
Spleen and parasite rates of willages in Dindori Taluka, Nasik District,
.{ 1047-48 1958

Name of the village. Spleen Paras Spleen : Porasite

rate. rate. rate. : rate.
Umrala 20-3 83 a0 I Oe4
Mzhaja 54.8 163 0.0 j 00
Krishbanagaon 361 83 0=0 | 00
Palkhed 702 196 0.0 _l 00
Amba Dindori 28.6 200 00 J 00

The figures show that there has been a clear reduction in malaria prevalence.
There was no report of any unusual prevalence of fevers and the few cases of
malaria which were detected, would have perhaps gone unnoticed in the wsual
malariomeiric surveys. The four cases of malaria-parasites positives included one
child of seven years of age and the remaining three were adults, Whether these
cases wete due to fregh infections in the vear 1958, or were relapses, cannot be
stated with certainty. The proportion of the species of parasites prevalent in 1947
48 was approximately, P. vivax 12: P, falciparum 22 : P, malariae 4. In the year
1968, the proportion was, P. vivax one : P, falciparum 3, There were no cases of
P, malariae.

This study has shown that even in parts of Nasik District which, judged by
all standards, were definitely highly malarious and in which malaria has been
thoroughly brought under control, there are stili a few persons positive for malaria-
parasites and who would have gone unnoticed in the routine assessment surveys.
As similar conditions were prevalent in Thana District in the years 1955, 1956, and
1957, it would not be unreasonable to assume that even in that district there might
have been a few cases of malaria persisting in the community but which bhad gone
unnoticed in the routine surveys. The conditions in Mokhada Petha of Thana
District (Group B), where no malaria outbreak had occurred, were quite similar to
those in the Murbad and Shahapur talukas prior to 1957, but were found very
different in the year 1958 both as regards parasite prevalence and the prevalence of
fevers. But in both these respects, the figures for Mokhada (Group B} are slightly
higher than that of Dindori {Group C).

Accurate quantitative determinations of the parasite persistence certainly
require more elabhorate studies than we have been able to undertake. But the
observation, made in the Group ‘C’ villages of Nasik District, have brought an
important fact, viz., that even a community which by normal standards is consi-
dered to be free from malaria there may be a few lurking carriers. In the event of
the densities of vectors being suddenly built-up, either because of suspension of
spraying or because of the development of resistance, it may lead to a very rapid

recrudescence of malaria,
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DISCUSSION.

Macdonald (1957) while dealing with epidemics during and after eradication
of malaria, has stated “There is little experience of this form of epidemic but it
tnay well become the most common or almost the only type. Any recrudescence
during the eradication programme would be an epidemic, and a main object of
workers in such a programme would be to discover the epidemic whilst it was
still in, what in other circumstances be called, negligible size”. The outbreak
which occurred in Thana District is an example of the type of epidemic visualized
by Macdonald. The experience of this ‘epidemic’ has many lessons, not the least
important of which is the need for very strict vigilance for the early detection of
the new cases, which may arise in such areas, for taking prompt measures to
prevent the further development of the epidemics.

One of the chief points of scientific interest of this cutbreak is the extreme
rapidity with which it reached its peak. Assuming the zero point as the date of
the first appearance of the monsoon, i.e., about June 20, the peak affecting about
helf the entire population was reached in about 100 days, i.e., at the end of
September. The period is roughly equal to 50 incubation intervals for P. vivax
and 3-0 incubation intervals for P. falciparum. I the zero point is taken as the
time when the first fresh cases occurred, ie., July 20, the peak was reached in 3-5
incubdtion intervals for P. vivax and 20 intervals for P, falciparum. This could not
have occurred without a very high reproduction rate, As both the species parti-
cipated in the outbreak, it is difficult to assess the exact role of each species. If
the outbreak was due to one species only, the reproduction rate of the disease
would have been not less than 30 in the case of P. vivex and not less than 100 in the
case of P. falciparum, if the original reservoir of infection was approximately of
the order of 0°1 per cent. But neither species, by itself, infected 50 per cent of the
entire community and, therefore, the reproduction rate for each species was
certainly less than these figures. But the cumulative effect of the reproduction
rates of the two species was that 50 per cent of the community was infected in
about 100 days,

A mathematically minded epidemiologist may attempt to evaluate the course
of the outbreak beiter, bearing in mind that the final proportion of the two species,
i.e., P. wivax to P. falciparum was 74 to 120. But even here, the figures are some-
what vitiated by the fact that a considerable amount of chloroquin had already been
distributed in the area by the time the investigations were commenced,

Moreover, there is no precise information regarding the exact status of the
reservoir of the infection in the area at the commencement of the seascn. One can
surmise that it would have been somewhere between what was found in the Group
¢’ villages, i.e., 0-18 per cent, and the figure for the group ‘B’ villages, i.e., 1-0 per
cent, But as Macdonald (1950 loc. cit.) has shown, it is not the actual gametocyte
reservoir in such cases which is so important as the reproduction rate. With a
high reproduction rate, the peak will be reached rapidly whether the reservoir was
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fow or moderate. Using the formula given by him, it is noticed that if the repro-
duction rate is 5¢ and the original reservoir of infection is only 110-001, 55 per cent
of the population would be infected in three incubation intervals in the case of
P. vivax,. If the reservoir of infection is 0401, i.e., 10 per cent, the same reproduc-
tion rate will infect about 80 per cent of the population with two incubation
intervals, The difference between the two initial reservoirs, for practical purposes,
is very small. Whether the infection rate, to start with is 0-00F or 0-01, the out-
break will be very rapidly built-up and unless there is a very special vigilance in
the early stages, the outbreak will assume epidemic proportions before any action
can be taken. The fresh infections should be detected and tackled in the first
incubation interval itself.

Our studies have now shown that even in areas, such as Group ‘C’, where the
results of the malaria control work so far done have reportedly been very satisfac-
tory and where there was no indication of any malatia prevalence as judged by the
ordinary survey procedures, there is still a measurable reservoir of infection. If the
vector control becomes ineffective either because of insecticidal resistance or
administrative failures, a serious ‘epidemic’ can occur within rhe course of a couple
of months, It is, therefore, extremely necessary to take note of this point in the
Malaria Fradication Programme and to ensure that the surveillance organisations,
which are to be established, work with the utmost efficiency.

SUMMARY.

An outbreak of malaria, involving over 60 per cent of the entire population,
occurred in 209 villages in an area of 500 sq. miles {Total population 86,000) in
Thana District, Bombay State, India, between July and September, 1968, The area
was originally highly endemic, but from 1948 it was under very successful control
by the use of DDT residual spray, till 1966, when all malariometric indices were
zeto or near zero. In 1957, DDT was replaced by dieldrin but there was no indi-
cation of any prevalence of malaria during that year also. In 1958, dieldrin was
sprayed in May-June, just prior to the onset of the monscon. But fresh malaria
cases started appeating in July and an outbreak soon developed, reaching its peak
at the end of September. The outbreak was soon brought under complete control
by the use of DDT and distribution of anti-malarials.

The outbreak is mainly attributed to the failure of dieldrin to control building~
up of mosquito densities as a result of development of resistance in the vector
species, A. culicifacies.

A compatative study of three groups of villages, ie,, Group (A) within the
affected area, Group {B) in an unaffected neighbouring area of the same district
with the same history of insecticidal treatment, and Group {C) in an unaffected area
of a neighbouring district in which only DDT had been ¢sed, was made to study
the incidence of fevera and the status of parasite prevalence by mass examination of
blood smears from the population, It was found that in the affected area, the
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incidence of fevers was 7:0 and 710-2 per thousand in 1957 and 1958, respectively,
indicating the widespread nature of the ‘epidemic’ in 1858: In the other groups, the
incidence of fevers for 1957 and 1058 was :—

Group 'B’ 0and 114 and Group ‘C’ 76 and 381, respectively, indicating
that these two areas had no unusual history of fevers.

The mass blood surveys revealed that in the affected areas, 213 (P. vivax 74,
P. falciparum 129), out of 2,294 persons of all age-groups, had malaria parasites.
The spleen rates ranged from 7-5 to 92 per cent. In the other two groups, there
were no enlarged spleens. The mass blood smears showed that, in Group ‘B’, 21
{(P. vivax 18, P. falciparum 2, mixed 1} were positive out of 2,018 persons and in
Group ‘C’ 4 (P. vivax 1, P. falciparum 3) out of 2,787 were positive.

Some theoretical and practical aspects of the outbreak have been discussed and
it is shown that the outbreak was an “‘epidemic”’, of the type visualised by Macdon-
ald {1956 loc, cit.} as likely to occur during or after the eradication of malaria. One
of the main features of the epidemic is the very rapid build-up and it is emphasised
that even a very low reservoir of infection may lead to a serious epidemic within
one season, if vector control is not perfect, either because of insecticide resistance
or administrative failures.
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Pror. G.G. Mer, O.B.E,, M.D., DTM. & H.

Gioeon GErNIMO MER, who died suddenly on March 22, 1961, was one of
Israel’s outstanding malariologists and insect toxicologists. Tle was not only an
excellent investigator and inspiring teacher, but also a tireless pioneer and a valiant
soldier.

Born in Poswol (Lithuania) in 1894 of a family of physicians, he interrupted
his medical studies at Heidelberg, Germany, in 1914 and went, via Palestine, to
Alexandria, where he joined the Jewish Legion of the British Army. He served
subsequently in the Zion Mule Corps and was wounded in the Gallipoli campaign.
After the war, he became, for several years, a member of Kibbutz{collective settle-
ment) Amir in Upper Gallilee, Palestine, and’ participated in the country's anti-
malaria campaighs, In 1924 he continued his studies in medicine at Naples, gradu-
ating as M. D. in 1927. Subsequently he specialized in Tropical Medicine in Rome
{under Grassi), at the Malaria Research Station of Medemblik, Holland, and also
at Paris, receiving there the D. T. M. & H. in 1928. Returning to Palestine, he
took up research under the late Prof. I. J. Kligler at the Malaria Research Station
of the Hebrew University at Rosk-Pina. This station is located in the mountains
of Upper Gallilee and overlooks the Hule, Jordan and Beit Shean Valleys, which
were then hyperendemic malaria areas. He was appointed junior assistant in 1929,
instructor in 1930, became lecturer in epidemiology in 1934 and received his full
professorship in 1938,

His first research period at Rosh-Pina, which extended until he joined the
British Army during the Second World War, was devoted mainly to the study of
malaria, G.G. Mer is best known for his outstanding work on the experimental
transmission of quartan malaria to man by Anopheles elutus. It was characteristic of
Mer that he used himself and his wife, the faithful companion of his privations, as
the first volunteers for these transmission studies. Not less important were his studies
on the female sex organs of anophelines, culminating in the development of his
miethod for the age determination of mosquitoes by measurement of the size of the
common oviduct. Theae investigations became the corner-stone of the subsequent
work of Dr. T. 5. Detinova and her associates in the U.5.8.R. on age determina-
tion of anophelines and various other medically important insects.

Other subjects of MER’s scientific activity at that time, which grew out of the
necessity to colonize the malaria-stricken areas of the Hule swamps, were anophe-
line ecology and malaria chemotherapy and prophplaxis. It was Mer who advocated
and made possible the establishment of the first settlements in this dangerous region
many years before the advent of DDT. He did not deers it beyond his dignity to

W
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spend much time, thought and effort on devising various protective measures
(mechanical and others) to prevent entry of anophelines into houses and he submitt-
ed the settlers in the Hule area to a strict military-like regime, keeping all of them
indoors during the night. This pioneering feat was crowned by success.

At the same time, true to his calling, he was always ready to come to the aid
of the sick, especially the malaria-stricken, be it in Jewish settlements, Arab villages
or Bedouin encampments in Gallilee.

In the Second World War, he joined the Medical Corps of the British Army
and advanced to the rank of Lt. Colonel. He combated malaria in the Middle and
Far East and rendered particularly outstanding services to the British troops fight-
ing in Burma. For his decisive intervention in this theatre of operations, he was
awarded the O. B. E. (military). After the war he returned to his laboratory at
Rosh-Pina, remaining there until his death, except for two interludes : During the
Israeli War of Liberation (1947-49) he served his country as Head of the Division
of Preventive Medicine, Medical Corps, Israel Defence Forces, holding the rank he
had in the British Army ; always ready to lend his services and experience to the
Israeli Ministry of Health, he consented to act as its Director-General during
1956/57,

Apart from continuing research on the biology of mosquitoes, Mer commenc-
ed to work, following the end of World War II hostilities, on environmental sani-
tation and, in particular, the use of insecticides. To many insect toxicologists, MER'S
name is associated with studies on insect control, insecticide resistance, synergists
and attractants. Most of these investigations were again motivated by practical
considerations, but others belong to the category of basic research. Being intrigued
by the physiological and behaviouristic aspects of resistance, MEr alsc worked on
the influences of nutrients, particularly lipids, on insecticide tolerance; it was this
study among others, which led ultimately to Wiesmann’s *‘fat barrier” theory of
insecticide resistance.

G. G. MER was an impressive personality and outspoken and direct in speech.
He was a born leader of men and a great number of Israeli, Indian and British
malariologists, public health specialists and insect toxicologists, who worked under
him at some time or other, are proud to call themselves his disciples. He was of
towering physical structure and one would not have suspected him of possessing
such excellent manual dexterity even for the most delicate manipulations. He pever
failed to impress others with his outstanding intelligence, wisdom, richness of ideas
and scientific integrity: bis singlemindedness of purpose, where scientific and public
health matters were concerned, was conspicuous. MeR's scientific and meral standing
is reflected by the fact that he was repeatedly appointed member of the Expert
Panels of Malaria and Insecticides of the World Health Organisation. Prof. Mzr
was an undefatiguable worker, spending day and night in the laboratory and at his
other duties. He died in harness. He is survived by his wife, two married daughters
and a son.

K. R. 8, AscHER

Z. H. Levinson
A S R A,
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Inpian Couvncin or Meprcar Resgarcn | .
Colonel Amir Chand Trust Fund Prizes for Medical Research

‘ Lieut.-Col. Amir Chand, lately Principal of Lady Hardinge Medical College,
- New Delhi, dohated Rs. 50,000.00 to the Indian Council of Medical - Research for
. creating a Prize Fund. From the interest earned by this sum, prizes are awarded
: for the best published research work in Medical Sciences. The Governing Body of ;
" the Council has constituted a Trust, called the ‘Colonel Amir Chand Trust’ for
" the administration and management of the Fund.

. The prizes are awarded annually on an all-India basis for the best published

' research work in any subject in the field of medical sciences, including clinical {

* research. The term ‘Clinical Research’ covers research into the mechanism and

" causation of disease and its prevention and cure, and includes work on patients in

" hospitals, field studies in epidemiology and social medicine and observations in
general practice.

It has been decided to award four prizes in 1961 each of Rs. 300. 00
to graduates of not move than 40 years of age on 1st January, 1961, for the best research
! papers in medical sciences published by them during 1960, These prizes will be
> known as ‘Shakuntala Amir Chand Prizes’.
Those eligible for the prizes are MEDICAL or NON-MEDICAL GRA-
. DUATES.
I Selections for the award of the prizes will be made by a Selection Board.

_ In the case of a joint authorship of a publication, the prize shall be divided
; between the authors in such proportion as the Selection Board may decide. The réle
{ of the person who applies for the prize should be clearly indicated so as to make it
i easy to determine whether the major part of the work has been done by that
persen.
The AWARD of the prizes will be announced at the meetings of the
Councxl’s Advisory Committees in November/December, 1961,

; CANDIDATES for award of prizes are required to submit, 10 REPRINTS of
! their papers published during 1960, These should be sent to the DIRECTOR,
{INDIAN COUNCIL OF MEDICAL RESEARCH, P.O. BOX 48¢, NEW
{ DELHI, so as to reach him NOT LATER THAN Ist SEPTEMBER, 1961. The

{ PAPERS should be accompanied by 2 short biographical sketch and two copies of

§ passport size photographs of the candidate/candidates concerned.
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INDIAN COUNCIL OF MEDICAL RESEARCH.

Applications are invited for the post of Assistant Editor of the Indian
Journal of Medical Research in the scale of Rs, 900.50-1200 plus admissible dearness
and other allowances,

Qualifications :~-A degree in medicine recognised under the Indian Medical
Council Act (1956) or 2 degree in allied sciences, such as Biochemistry, Phiy.siology,
Microbiology, Pharmacology, etc., with experience in research and medical journal-
ism, Other things being equal, preference will be given to medical graduates. In
the beginning, the candidate may be required to work at Kasauli for a few months,

Age below 50 years, relaxable in the case of otherwise suitable candidates,

The selected candidate will be appointed on five years’ contract, renewable
thereafter, Probationary period is one year. Benefits of Provident Fund admigsible.
Private practice or compensation in licu thereof will not be allowed. Candidates
called for interview will be granted one return Second Class rail fare. Only conces-
sional rail fare, if available, will be allowed. No travelling sllowance admissible for
joining appointment or on termination of appointment.

Application on the prescribed form, obtainable from the Director, Indian
Council’ of Medical Research, Medical Enclave, Post Box No. 404, New Delhi,
should be sent to him accompanied by a crossed postal order for Rs. 7.50nP.
{Rz. 1.87nP. only for Scheduled Castes/Tribes and other backward clagses) made out
in the name of the Indian Council of Medical Research, New Delhi. Applications
without postal orders will not be considered. The last date for receipt of
applications is 37st July, 1961,

Statement about ownership and other particulars about newspaper
(Indian Journal of Malariology) to be published in the first
issue every year after the last day of February.

FORM 1V.
{See Rule 8)
1. Place of publication Delhi.
2. Periodicity of its publication Quatterly.
3. Printer’s name Shri B.R. Sardana.
Nationality Indian.
Address Cambridge Printing Works,
Kashmere Gate, Delhi-8,
4. Publisher’s name Shri T.D, Joshi,
: Nationality Indian.
Address Assistant Director, Indian Council of
: Medical Research, P.O. Box No. 494,
) New Delhi,
& Editor's name 3. P. Ramakrisbnan, M.B.B.S., D.P.H.,
; D.5c. (P.H.).
: Nationality Indian.. -
: Address Birlilqtor, Mezlaria Institute of India,

8, Namesand addresses of individuais Indian Council of Medical Research,
who own the newspaper and Post Box No. 494, New Delhi.
partners or shareholders holding
more than one per cent of the

total capital.
I, T.D. Joshi, hereby declare that the particulars given above are true to the

best of my knowledge and belief.
(3d.) T.D. Josar

Dated 27,2.1981, Assistant Director,
Indian Council of Medical Rasearch.

94



Indian Journal of Malariology, 185, 2, June 1961,

STUDIES ON PLASMODIUA/{I) BERGHEI VINCKE AND LIPS,
1948.

Part XXIX.

THE SIZE OF PARASITE POPULATION AND ITS
RELATION TO THE SELECTION OF A STRAIN
RESISTANT TO SULPHADIAZINE.

BY
5.7, RAMAKRISHNAN,
SATYA PRAKASH,
D.8. CHOWDHURY
AND
p.C. BASU.
(Malaria Institute of India, Delhi}

i July 14, 1080.]

Plasmodium berghei has lent itself to the selection of resiszant strains to various
drugs, like suiphadiazine { Krishnaswami, Satya Prakash et al., 1954) and chloroquine
{Ramakrishnan, Satya Prakash et al., 1967), etc. As a corollary to sulphadiazine
registant, a ‘‘milk” resistant strain was selected (Ramakrishnan et af,, 1958), In
all these investigations, the procedure was orthodox inasmuch as the exposure to
selecting agent was gradual, commenciog with sub-minimal doses. Such a pro-
cedure was based on the impression that resistance was a gradual adaptation of the
parasites to the drug.

In most instances of experimental selection of resistance to anti-malarials, the
resistant strain of parasites was found to be stable in many cases even in the absence
of selection pressute. TFurther, the resistance was retained for long periods even
after successive mosquito passages (Bishop and Birckett, 1947; Adams and Seaton,
1949; Hawking and Perry, 1948; Hawking and Thurston, 1951; Schmidt,
Genther et al., 1949; Seaton and Adams, 1949; Seaton and Lourie, 1949; and
Williamson, Bertram and L.ourie, 1947},

The fact that experimental drug resistance of parasites was stable even after
mosquito passage, lent itself to the presumption that the resistant characteristic
should be exhibited by the pre-erythrocytic forms arising from sporozoites derived
from a resistant strain, Experimental evidence to confirm this presumption was
obtained in studies on P. gallinaceum (Jaswant Singh, Ramakrishnan et al,, 1952),

Covell, Coatney et al. (1955) considered the mechanism of drug resistance in

malaria. The observed phenomena of drug resistance suggested a genetic origin.
(95)
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The character was carried throughout the life cycle from generation to generation
in vertebrate hosts. They considered that spontaneous mutation, induced mutation,
ot clonal variation could equally explain the drug resistance satisfactorily.

The volume of experimental work on the mode of action of anti-malarialy has
shown that, in general, it is related to the metabolism of the parasite cell. The
action in human malaria is by disturbance of the synthesis or substitution of some
essential metabolite, Conceivably, therefore, the case and speed of selection of
resistance to a given drug are related to (1) the diverse metabolite pathways of the
species of the parasite ; (2) their variations within members of the species
being true genetic characters; and (8) their susceptibility of interference by
the drug. Such a presumption can explain drug resistance of malaria parasites
without the invocation of spontanecus or induced mutation. Such is the theory of
Yudkin (1953) which assurnes that cell division need not necessarily distribute the
systems responsible for resistance equally in daughter cells. Repeated divisions
can produce a clone of cells with the average resistance of the parent cell, but with
a distribution of greater or less around that of the parent cell. It, therefore,
seemed that members of a species, inherently resistant to a drug, are more likely to
be present in a large parasite population than in smaller ones. The work reported
here, was planned primarily to investigate this point. It also seemed that if
members with inherent resistance were extant in a large population, the orthodox
method of commencing drug treatment, in sub-minimal doses with gradual increase,
should not be necessary for the selection. Therefore, different combinations of the
size of the parasite population and dosage schedules were studied. The work was
actually commenced and completed in 1957. The paper could not be written up
earlier due to the preoccupations of the authors,

MATERIAL AND METHODS.

Host.— Adult mice were obtained from the colony maintained at the Malaria
Institute of India, Delhi. No choice was exercised with regard to the sex of the
animals.

Pavrasite.~The parent strain of the parasite has been maintained by rat to
rat passage since 1952 and had undergone 325 passages when taken over in mice for
the present studies.

Inoculation.—~The route of inoculation was always intraperitoneal and the
standard inoculum was 8 X 108 parasites per animal.

Drug.—Injectable sulphadiazine solution (May and Baker), containing one
gramme in 4 c.c., was diluted with distilled water to get the required concentration
and administered intraperitoneally.

Normal course of infection in mice.~Infections of Plasmodium berghei in
albino mice are invariably fatal. The course of infection was studied in six mice
inoculated with the parent normal strain, The infection was found to be fatal dur-
ing a course of 14 to 21 days (Table I).
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Sensibility to sulphadiazine.—The minimum effective single dose of sulphadia-
zine, administered intraperitoneally to produce a Class IT* effect, was determined
to be 0.5 mg./20 g. according to the technique described by Ramakrishnan,
Krishnaswami et al. (1951). The course of parasitaemia in 12 mice inoculated
with the normal strain of Plasmodium berghei and treated with 0-5 mg./20 g. of
sulphadiazine, administered intraperitoneally, is given in Table IL. It was observed
that out of 12 animals, 8 showed a clear Class 11 effect.

Selection of resistant strains.~—Three groups of mice were inoculated from the
same donor with the standard dose of 5108 parasites. The experimental pro-
cedure was different for each of the groups and constituted the basis for selection
of 3 strains. The first strain, low density low dose (LL Strain), was selected by
exposing the parasites in low density to low doses of drug administered once daily
through the intraperitoneal route as described by Jaswant Singh, Ramakrishnan
st al. (1952). At the commencement of the selection of the resistant strain, the
parasites inoculated in the mice were exposed to a dose of (-01 mg./20 g. intraperi-
roneally (1/50th of the single dose required to produce Class 1I effect). The drug
was administered when the density of parasitaemia was in the region of 100
parasites per 10,000 erythrocytes. The dose of the drug was gradually increased
and was so adjusted as not to clear the peripheral blood totally of the parasites
and sub-inoculated the strain before such a clearance occurred. After completing
the passage from one animal {donor) to the other, the donor was given an increas-
ing dose of the drug to ensure that the parasite could still tolerate that dose. The
drug was further increased in the next passage,

In the selection of the second strain, high density low dose (HL Strain), the
drug was administered when the density of parasitaemia was in the region of one
thousand parasites per 10,000 erythrocytes. The gradually increasing dosages of
the drug were similar to those used in the selection of LL Strain.

The third strain, high density high dose (HH Strain), was isclated by expos-
ing the parasites inoculated in the mice to 10 mg./20 g. of the drug intraperitoneally
when the density of the parasites was one thousand per 10,000 erythrocytes.
The above procedure was repeated in almost all the 27 passages, except in a few
where the drug could not be administered, and in one animal adminjstered twice in
the same passage as there was an apprehension that the strain might be lost,

Tables 111, IV and V show the serial passages and the dosage schedules,
adopted during the isolation of low density-low dose (L.L), high density-low dose
{HL) and high density-high dose (HIH) strains, respectively.

Evaluation of the degree of vesistance.—It was decided to evaluate the degree of
resistance at the stage when all the straina were being exposed to 10 mg./20 g.
Groups of three mice were inoculated with 5 X 10 parasites, each from an experi-
mental animal carrying one of the three strains. Sulphadiazine (15 mg./ per 20 g.)

* Class 11 effect is defined as clearance of the peripheral blood of parasite for a minimum of three
consecutive days following the treatment.
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TasrLe IIL
Pratocols of the LL strain.
DETAILY OF DRUG ADMINISTRATION :
Serial
number of]' Date ?{Qg;jsage- i
passage, | Dase in mg. per 20 g« | Number of
: P COUrSes.
1 ]
S o —_ S
¢ May 4 001 ! 3
o 28 001 ; 2
2 ¢ June 4 001 i 2
. " 002 ; 1
3 : 12 002 ! 3
4 19 .03 i 2
5 28 003 i 1
% 29 0,03 i 1
7 July 3 0.03 ; 2
8 9 01 i 1
g i2 0.1 ; i
i 16 "2 : !
it 20 0.5 ; 1
13 24 | 1+ : 1
13 28 1.5 | X
I+ 31 i-{i { i
15 August 3 o3
16 & 6 15 1
17 . 9 1.5 ! 1
18 3 ik 25 i 1
19 17 3 ! 1
20 23 3 ‘ 3}
a1 28 daii ! 1
9 3 4.5 i 1
23 September 3 4.5 i i
24 7 8 : 1
245 10 6 ! I
2% 14 7o 'f |
2% I8 T3 ; H
28 24 7.5 ; !
20 i @5 Ted 1 I
30 . October 4 Tolb : 1
a i 3 Tieh i H
3z 12 T : 1
13 : 16 kaH] : 1
H ; 20 Vo3 i 3
35 ; 25 o3 i 1
8 29 10 ; 1
87 ! November 1 i¢ f 1
38 i 5 10 : 1
39 ! 9 10 ¥
0 13 10 ; 1
il ! 18 10 ¥
w5y 23 10 | 1
i3 ; 38 10 1
) ! December 2 14 I
i3 ! 7 10 1
% i 10 | i
17 15 10 )3
*43 | 19 I 1 1
: ;

* Degree of resistance evaluated.
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Taere IV,
Protocols of the HL stvain,
N DETALE OF DRUG ADMINISTRATION 1
Seri
number of | Dte (cit;ﬁpl?;zsage.
passage. Dose in m% per 20 g. | Number of
LP. cOurses.
0 May i1 0.01 2
1 25 01 S
2 June 8 001 1
3 18 002 3
4 26 002 1
5 24 008 1
[ July a 0= i
7 8 Ol 13
8 i3 04 i
] 17 [19+4 i
10 23 15 1
i1 24 2.8 1
12 August 7 2.5 i
13 17 3 X
14 27 45 1
15 September 3 [ 1
16 10 6 1
17 17 T8 3
19 30 T 1
20 October 5 748 3
21 i1 Tel 1
a2 14 T8 1
23 22 T I
*24 29 10 1
25 November & 10 ;
26 13 19 1
29 19 19 1
a3 25 16 1
2% 30 10 3
10 Decernber & 10 1
31 10 10 1
"33 19 - ..

* Degree of resistance evaluated,

was administered intraperitoneally to each of the incculated mice when the density

of the parasites was in the region of 200 per 10,000 erythrocytes. Four replicates of
the same experiment were carried out.

It is evident from Table VI, VII and VIII that the infections in animals,
inoculated from the LL and HH strains, were resistant to 156 mg./20 g, of the drug.
The infection in animals inoculated from HL strain was, however, susceptible to
the above dose of the drug,
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TanLE V,
Protocols of the HH strains.
) DETALS OF DRUG ADMINISTRATION
nuia"bﬁ of Date of passage. 4
iy {195%) Doge in m%. per20yg, | Number of
frassa LB courses.

0 June 8 10 mg. 1
1 16 10 n}.g 1
3 25 10, 1
3 2 0, 1
4 July 2 10, i ]
& ] 1, 1
& 15 ‘e “s
7 20 16 mg. 1
B 25 ie ” 1
9 30 i ,, 1
1) August 7 e, 1
il 13 10 *» 1
ia 20 10, 1
13 20 10, 2
14 September 26 o, i
15 30 e, i
'8 OCtOhEI 8 10 »” 1
i7 15 e .
18 23 10 mg. 1
210 ay - a
20 November ¢ 10 mg. 1
g1 14 e 1
22 20 1, 1
*323 25 16 ,, 1
94 80 10, i
25 December 6 10 ,, 1
28 11 ¢ ,, 1
*27 i 17 10 " 1

*Degree of resistance evaluated.

RESULTS.

It would be observed that resistance in the HH strain manifested after 19
passages, during which period the parasites were exposed to I8 doses of the drug;
whereas HL strain did not attain the same degree of resistance although passaged
32 times, during which period the parasites were exposed to 37 doses of the drug,
of course, at a lower rising concentration,

The LL strain was observed to acquire the same degree of resistance as the
HH strain in the course of 35 passages, during which period the parasites were
exposed to 45 doses of the drug in the same rising concentration as for the HL
strain. Whether selection had occurred earlier than the 19th passage in strain
HH, we are not in a position to state as no evaluation was dore at that stage,

Thus, it appeared that the number of passages and duration of drug exposure
required for selection of resistant strain were small with a high parasite population
and higher concentration of drugs. Under such circumstances the selection was rapid.
Correspondingly, if the exposure to drug was small, even in the presence of a high
parasite population, the selection of resistant strain was slow, )
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The selection of Ll strain followed the usual happenings as in previous
similar experiments by others and the present authors (Ramakrishnan, Satya
Prakash et al., 1956, 1957 ; Krishnaswami, Satya Prakash ¢t al., 1954),

DISCUSSION.

Mice were specifically chosen for these studies, as their innate immunity, if
any, to P. berghei infections is insignificant. Nor have they the capacity to
acquire immunity to untreated infections. Therefore, the drug (sulphadiazine)
exerted the only significant selection pressure.

A limitation to the study in retrospect, however, was that the evaluation of
the degree of resistance was not made at regular intervals during the course of the
investigations. If they had been carried out, the speed of selection of resistance in
the three strains could have been accurately determined. Nevertheless, the available
data indicated that the size of the parasite population was a factor in the speed of
selection for resistance to sulphadiazine.

Of the twelve mice treated with a single dose of 0-5 mg./20 g, (Table II), nine
hecame free from parasites in the peripheral blood for 8 to 8 days. The infection
in the remaining three, however, persisted and the peripheral blood was not nega-
tive even for 2 single day. All the mice were not inoculated from the same donor.
Under such circumstances, the variation indicated that a larger proportion of the
inherently resistant parasites were disiributed in the inocula used for the three
animals. Another possibility was that the three animals differed in some way from
the others in their own response to the drug. The former seemed more probable.

Protocols of the LL strain {Tzble III) and HL strain {Table IV) revealed that
the selection of the resistant strain was gradual in both, but was slower in the
former than the latter. A possible explanation was that a given parasite population
consisted of individuals of varying degrees of susceptibility to the drug and their
distribution possibly conformed to a normal curve. When the population was small
as in the LL strain and the dose of the drug was small, the relative proportion
of the survivors $o the sub-minimal exposure was large. Whereas, when the
population was large as in the HL strain and the dose of drug the same ag in the
case of the LL strain, the proportion of survivors was small.

In the protocols of the HH strain where the population as well as the dose of
drug was large, susceptibles to different dosages, except to the highest, were wiped
off and the satvivors multiplied successively. This seemed possible on the basis of
the hypothesis of Yudkin (1953) mentioned earlier,

Bishop’s (1958} approach to the problem was different, The experimental
strain arose from a single parasite, and was maintained as two separate clones in the
two groups of experimental birds. In order to eliminate the variabilities, caused
by inherent as well as acquired immunity of the host, the exposure to drug was
commenced soon after inoculation. She concluded that the number of courses of
treatment to produce an enhancement of resistance, was not always related to the
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size of the inoculum. With the largest inoculum, however, an enhancement of
resistance was observed after the minimum number (3} of the courses of treatment,
whereas, with the smallest inoculum no enhancement of resistance was obtained.

In our series the speed of selection is related to both the size of population as
well as the drug dose. The speed with which resistance manifested itself in the
presence of a large parasite population in an environment of high sulphadiazine
concentration, tends to show that individuals naturally resistant to sulphadiazine,
exist in greater frequency amongst a Jarge population, Probably, such individuals
have a metabolic pathway other than the para-aminobenzoic acid enzyme system.
I this contention is correct we do not have to invoke any mutagenic action in the
selection of resistant strain, the only process involved being the elimination of
susceptible individuals by high concentration of drug.

SUMMARY.

1. The speed of selection of a resistant strain of P, berghei is quicker when
pasasites in high density are exposed to large doses of sulphadiazine,

2. Such selection is much retarded when parasites in high density are expos-
ed to small doses of sulphadiazine., The retardation is more marked than when
parasites in low density are exposed to low doses of sulphadiazine.

3. It is suggested that in a large parasite population, greater number of
individuals occur with natural resistance te sulphadiazine,
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Part XXX,
EFFECTS QF SPLENECTOMY ON THE COURSE OF
RLOOD-INDUCED INFECTION IN RATS.!

BY
SATYA PRAKASH.
iMalaria Institute of India, Delhi.)
tuly 13, 1960, )

SpLENECTOMY Das long been a routine procedure in experimental malarioiogy,
Krishnan and Ghosh (1938) and Mulligan, Somerville and Swaminath (1940) studied
the effect of splenectomy on monkey malaria, In respect of malaria caused by
P. berghei, Rodhian {1940) observed that splenectomy of cotton rats with latent
infection, resulted in a parasitic relapse which was not intense and did not end
{atally. On the contrary, he found that if previously splenectomised cotton rats
were inoculated, the resultant infection was very intense and similar to thatin
albino mice. Galliard and Lapierre (1250) splenectomised albino rats with latent
infection and found that the post-splenectomy coutse of parasitaemia was a8 severe
as that of the primary infection, and became latent once again in 23 to 25 days after
splenectomy.

This paper reports prolonged observations on the course of infection in albino
rats, splenectomised before and after inoculation. Certain changes were also
ohserved in the morphology of parasites in the splenectomised animals.

METHODS AND MATERIAL.

Adult albino rats, the strain of parasites and the techniques of inoculation
wire the same as already described by Ramakrishnan et al. \1951).

Parasites were enumerated against 10,000 erythrocytes in stained thin films,
Alf inoculations were made by the intraperitoneal route and the dose of infection
was 80,000 parasitised erythrocytes in some, and I million in other inoculations.
Splenectomy was done under Nembutal anaesthesia and no sulpha-drug wasused in
dressing the wound.

i t%},; strain of P. berghei, used in the experiment, is being maintajned by blood passage in alhino
rata at the Malfaria Institute of India, Drelhi, since 1062, It was originally obtained from London
\hrough the courtesy of Brig. J.8.K. Boyd of the Butroughs Wellcome Laboratories.

+This paper forms part of a thesls for the doctorte degree of the Panjab University.

(107)
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HAEMATOLOGY.

The haematology of normal and infected rats {(with their spleens inzact) has
aiready heen reported by Ramakrishnan et al, (1953). Table I records the haemato-
togy of splenectomised uninfected and infected rats.

It is seen from Table I that splenectomy of normal animals lowered the
total erythroeyte and leucocyte counts, The polychromatophilic cell {reticolocyte)
sounts wete not appreciably altered. It indicated that in the uninfected splenecto-
snised animals there was no increased erythropoisis. The increase In leucocytes in
she splenectomised animals appeared to be due to an increase in polvmorpho-
nuclear leucocytes.

A comparison of the data of animals during parasitic relapse showed that
while the total red cell counts were the same in both splenectomised as well as those
whose spleens were intact, there was 2 considerable increase of the reticulocytes in
the former than in the latter. Appareatly, the haemopoitic centres responded
hetter in- the splenectomised animals than in intact animals,

The total leucocyte count was found to be highest in the animals which
showed parasitic relapse due to splenectomy. These latter animals also showed
high neutrophil count. In the uninfected splenectomised animals, however, it was
siill higher.

COURSE OF INFECTION.

The courge of infection was observed in three sets of anrimals, vz, intact,
spienectomised and inoculated, and the animals which were splenectomised during
:utency of infeetion. The data are shown in Table I,

Death occurred between 53 and 340 days. Except one (R678}, all had patent
parasitaemtia till death. ¥n a few cases the blood was negative on some days.

The ohservations were restricted to szventeen days. It is seen from Table 11
that the average daily parasitaemia was of the highest order in the intact animals.
The average daily parasitaemia in animals splenectomised during latency of the
infection, was higher during the first 5 days than that of intact animals. Tt was
luwer during the subsequent 10 days after which there was a tendency 1o
increase. In the animals which were inoculated after splenectomy, the parasitaernia
was Jower than in intact animals throughout the period of observation, except
wuwards the end when there was a tendency to increase.

The data presented in Table I pertain to the 14 intact animals, chosen at
random {rom the large series of animals used for routine strain maintenance during
vhe same period of the current investigation, The daily parasitaemia of individual
animals was not appreciably different from the average, presented in Table I,
O the 14 animals, 12 died after acute infection on 6th to I3th day of infection.
T'wo survived the primary parasitiemia and the infection in them became latent.
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There was considerzble individual variation of the daily parasitaemia of the
different animals which were splenectomised during latency of the infection, Only
one animal (R-578) died on the 76th doy afier splenectomy. The blood of the
animal did not show patent parasitaemia during the last 28 days of its life, All the
nthers showed continuous patent parasitaemia, except for occasional short negative
intervals, and lived for different periods ranging from 53 to 340 days from the fist
day of patent parasitaemia following splenectomy. Intwo animals the daily para-
sitaemia reached 2 464 and 3,600 counts per 10,000 erythrocytes which were higher
than usual counis in pormal animals. But such high counts were seen only for one
ar two days and were soon reduced. But the total parasitaemia load in thege animals,
splenectomised during latency of infection, was much higher than the primary
parasitaemia, because of the longer duration of the former as compared to the latter,

The parasitaemia in four, out of 5 animals that were first splenectomised, ran
a course similar to that in intact animals and all the four apimals died of the
infection between the 7th to the 17th day of infection. The fifth animal continued
to live up to the 37th day with patent psrasitaemia on all days and was sacrificed.
1o not one of the animals was the daily parasitaemia higher than that of any of the
intact animals. It appeared, therefore, that the innate natural immunity of albino
rats was not in any way diminished by removal of spleen prior to infection, Indeed
in the case of ope splenectomised animal the total parasitic load that the animal
wolerated during its life of 32 days of patent parasitaemia, was much higher than any
of the intact controls. At the same time it was evident that in the small series of
animals splenectomised prior to the infection, the capacity to acquire immunity was
intecfered with. The single animal that lived as long as 87 days after the inoculation,
was not able to overcome its primary parasitaemia,

CHANGES IN THE MORPHOLOGY OF PARASITES,

It was observed that parasites in the animals that were splenectomised during
latency of infection, appeared different in certein respects from those in intact
animals. In general the younger parasites seemed to have a greater degree of amoe-
biodicity {Plate 1) and assumed highly irregular shapes. The pigment seemed to be
more abundant in parasites of splenectomised animale. The mature schizonts were
smaller in size and occupied less of the erythrocyte than parasites in intact animals,
The average number of merozoites per schizont was less than that of parasites in
intact animals.

Table I} summarises the data with reference to the average number of mero-
zuites per mature schizont.

Ramakrishnan and Satya Prakash {1850) showed that normally the number of
merozoites varies from 10 to 22, usually about 12, arranged in the form of a rosette
and Jess frequently scattered irregularly. From Table III it will be seen that 77
ner cent of the mature schizonts, observed in splenectomised animals, had only
between 4 and § merozoites each,
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Ramakrishnan et al. {1951) showed that adult albino rats compared 1o mice,
nossess @ greater degree of natural resistance to P, berghei infection or, in other
words, are Jess susceptible than mice. Fresent work shows that the course of
:nfection in aduit splenectomised rats is not appreciably intensified when infected
sdter the removal of the spleen. Four out of five such animals died between the
2th to 17th day after experimental iooculation. The fifth animal, however,
sutvived with parasites continuously patent in its peripheral blood for 37 days when
.t was sacrificed.  Taking the four animals that died of infection, it appeared that
splepectomy, prior to infection, did not in any way alter the natural inpate
‘mmunity of rats. It was the capacity 1o acquire immunity after infection that was
‘nrerfered with.

The above inference is in confirmation of & similar conclusion arrived at by
\usiigan, Somerville and Swaminath (1949} from their experiments in  P. cynomolgi
mifection in sinicus monkeys, They observed that splenectomy of sinicus monkeys,
orivr to experimental inoculation with P. cynomolgi, did not appreciably decrease
1he high degree of natural resislance of intact monkeys to the jnfection. It was,
therefore, argued that the natural resistance in this case was dependent more upon
sherent unsuitability of the body tissues vr fTuids for the development of the infec-
tion. They inferred that “the greater the degree of naturval resistance ty malarial
mfection possessed by an intact animal the more it is dependent upon non-specific
agencies, which operate independently of the iymphoid macrophage system.”
The present findings in rodent malaria are in agreement with this inference, In
this connection it may be recalled that Satva Prakash et al. (1952) reported that the
handicoot, & close relative of the rai, is not susceptible to P. berghei infection. The
natural innate resistance of the bandicoot was found by them not to decrzase, even
aftex removal of the spleen from the animai.

It has been customary to use the term “non-specific agencies” in the past with
ererence to immunity, particularly of the innate, natural variety, when the factor
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or factors concerned were known to be independent of the humoral or cellular
mechanisms, It is relevant to note that there is considerable scope for the spectrum
of *non-specific agencies” to be narrowed, as more and more of them become
koown to be specific. An example is the finding of Hawking (19564) that suckling
baby rats, which exhibited an innate immunity to P, berghei infection, developed
intense infection by merely increasing the para-minobenzoic acid available to them.

The role of the integrity of the lymphoid macrophage system is, however,
different in the case of acquired immunity. The one animal that was infected after
splenectomy and survived for 37 days till it was sacrificed and all the ¥ animals that
were splenectomised when the infections were latent, behaved in 2 totally different
way from infected intact animals, With the exception of one animal (R-§75), all
the splenectomised ones showed contituous patent parasitaemia till death (periods
ranging from 53 to 340 days). In two of them, however, occasionally, on a few days
the peripheral blood was negative to parasites. Rat-675 was the only one whose
peripheral blood was negative to parasites continuously, during the last 26 days of
its post-splenectomy life of 76 days. These results showed that the removal of the
spleen resulted in a considerably reduced capacity on the part of the host to
acquire sufficient immunity to overcome the patent parasitaemia.

There seemed to be one other aspect of splenectomy with reference to
acquired immunity. Ramakrishnan and Satya Prakash (1950) showed that infection
can last in intact frats in a latent form up to at least 8 months and probably
longer. It is seen that animals splenectomised during latency, lived with continuous
patent parasitacmia for periods of 2 to 3 months and one actually lived for
nearly 12 months. Such periods of patent parasitaemia were very much prolonged
in every one of the animals splenectornised during latency than in any of the
intact animals as well as thousands of other animals, observed in the course
of routine strain maintenance. This may be interpreted in the light of the
possibility of there being an anti-toxic immunity separate from an anti-parasitic
immunity (Viswanathan, 1951), If such a possibility is conceded, one may inter
pret the findings, that the spleen is more Inti mately related to the development of
anti-parasitic immunity than anti-toxic immunity.

Some of the changes in morphology of the parasite as already stated, i.e., the
greater amoebiodicity and pigment in the early forms, the decreased number of
merozoites in the mature schizonts occupying less of the erythrocytes, have never
been encountered in thousands of normal strain animals, examined by the author.
It is not possible to explain the exact significance of these observations in the
present studies. It would not be incorrect to infer from these observations that
absence of spleen is responsible for these morphological differences.

CONCLUSIONS.

Studies were conducted to investigate the role of spleen in building up the
immunity status in albino rats with P. berghei infections.
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It was observed that splenectomy resulted in a considerably reduced capacity
on the patt of the host to acquire sufficient immunity to overcome the patent
parasitaemia. It appeared that spleea may be more intimately related to the
development of anti-parasitic immunity than anti-texic immunity.
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{July 19, 19680.]

SreecTIoN of strains of Plasmodia sp. with lowered sensitivity to various
antiroalarials by their prolonged administration in sub-minimal doses has been
reported from time'to time by 2 number of workers in the field, and has been
reviewed by Thurston (1953} and Krishnaswami et al. {1934). Nauck (1934),
Fulton and Yorke (1941), Bishop and Birkett (1948) and Bishop and McConnachie
{1952) have reported a low-grade resistance of P. knowlesi acd P. gallinaceum to
Pamaquine. Literature on the subject has so far not furnished any evidence of
resistance ‘of any species of Plasmodium to Primaguine, except the work
by Ray et al. (1956) at the Malaria Institute of India, Delhi, showing about eight-
fold resistance of P, knowlesi against this drug. The present work reports the selec-
tion of Primnaquine resistant strain of P, berghei.

MATERIAL AND METHODS,

Adult mice were used irrespective of sex from the colony maintained at the
Malaria Institute of India. The normal strain of the parasite} used in the study
has been maintained by rat-to-rat passage in the Institute since 1952, and it had
undergone 392 passages prior to inoculation into mice for the present experiment,
The technique followed to select the resistant strain and determine the degree of
resistance was that as described by Krishnaswami et al. (1854).

* The propristary preparation used is primaquine diphosphate (Imperial Chemical Industries).
Each tebiet contains T«5 myg. of base.

t P. berghei obtained through the courtesy of Brig. J. 8. K. Boyd from Burroughs Wellcome
Laboratories [.4d., London.

(115)
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The minimum effective dose of primaquine to produce a class II* effect was
determined according to the technigue described by Ramakrishnan et al. (1951}, It
was found to be 0-15 mg. per 20 gram mouse-weight twice a day by mouth for three
consecutive days (total dose 45 mg.fkg.).

At the commencement of the selection of the resistant strain the dose of drug
sdministered to mice was 0-15 mg. per 20 gm./wt., twice a day by mouth for one
day (i.e., 1/3 of the total dose of the drug required to produce a class II effect). The
dose was gradually increased in subsequent passages till one of 2-26 mg./20 gm,
body weight twice a day by mouth was reached in the 4lst passage, Theabove
Jose was maintained in the remaining 53 passages. Higher strength of the solution
became too viscid and was difficult to administer orally. A total of 84 passages was
made during a period of 1 year and 4 months. Table I shows the serial number of
passages and the progressively increasing drug schedule adopted for the selection
of the resistant strain.

In some of the passages the administration of the drug was withheld to
ensure that strain was not Jost by repeated exposure to higher doses of the drug.
For every passage more than one animal was used in order to safeguard the strain
from being lost due to the death of animals.

RESULTS.

In order to determine the degree of resistance of the strain, six normal mice
were ipoculated with 5x10% parasites each, obtained from one of the experimental
animals at the end of the 87th passage. Primaquine 1.875 mg. per 20 gram body
weight was administered to each of the inoculated mice by mouth twice daily for
three consecutive days, commencing from the first day when the density of para-
sitaemia was in the region of 200 parasites per 10,000 erythrocytes. At the end of
90 passages, four other normal animals were inoculated with 5x10? parasites each,
obtained from the experimental animals. The animals thus inoculated were treated
with 2'25 mg. of primaquine per 20 gram body weight twice daily by mouth
for three consecutive days. Two other groups of normal mice were similarly
inoculated with parasites from the experimental animals after the ninety-first and
ninety-fourth passages, respectively, and similarly treated with primaquine, The
course of infection in the animals inoculated, as above, was noted and the relevant
data have been furnished in Tlable II.

Tt is seen from Table IT that the treatment with a dose of 1-875 mg. of the drug
per 20 gm. body weight gave rise to a Class II effect on the infection in three, out
of six animals. The infection in the remaining three did not respond to the dose,
indicating thereby a twelve-fold tolerance of the strain of parasites to the drug.

* Minimum effective dose {Class IT effect).—The minimum effective dose of a drug was considered
to be thet dose which ¢leared the peripheral blood for a minimum period of three consecutive
days when administered orally on three consecutive days commencing from # day on which the
patasites were paient.
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DeTaLs OF DRUG ADMINISTRATION.

Time
Mouse number. Date of passage. Dote administered taken
in mg./20 gm, Numberof | (Days).
twice a day by times.
mouth.
M-2051 May 27, 1958 Gls  mg. One .
M-2086 May 31, 1938 015 - One 4
M.2091 up, 6, 1958 225 One 8
h-2101 un. 10, 1958 G225 ” One 4
M-2140 un. 17, 1958 025 Ome 7
M-2166 un. 24, 1958 0+25 " One 7
M-2179 un. 28, 18938 05 " One 4
M.2194 Jul. 2, 1958 (1211 v One 4
M-2207 ul. 6, 1958 0.5 . One N
M-2234 ul. 11, 1958 075 . One I
M-2243 Jul. 16, 1958 078 ”» One ¢
M-2283 Jul. 20, 1958 07, One I
M-2278 ul. 24, 1958 2 One N
M-2300 ul. 30, 1938 0«75 . One 8
M-2341 Aug. 5. 1938 X One 6
M 2359 Aug. 10, 1958 i - One 8
MM.2382 Aug. 14,1958 15 ” One 4
M-2401 Aug, 19, 1958 1.5 ” One i
M.244] Aug. 26, 1458 I+ » One 7
M-2463 Aug- 31, 1958 15 ” One a
M-2482 Sep. 4, 1938 1.5 ” One 4
M-2504 Sep, 9, 1038 I 2 One 5
M-2040 Sep. I, 1058 15 " One 5
M-2557 Sep- 19, 1958 1.3 - One 5
M-2584 Sep. 24, 1958 13 - Chne 5
M-2604 Sep. 30, 1958 145 " One 8
M-2629 Oct, 7.10.8 Yeid o One ]
M-2659 Oct. 14, 1958 1.5 ”» One 7
M 2675 QOct. 18, 1968 i-5 ”» Cne 4
M-2704 Oct. 24, 1958 Fed » One L]
M-2760 Oet. 30, 1058 .. . 8
M-2785 Nov. 6, 1968 .a .= T
M-2803 Nov. 12 1958 1.5 " One [
M-284D Nov, 18, 1958 15 ”» Cne i
hi-2868 Nov. 23, 1938 .e . 4
M-2890 Now, 28, 1958 Ieb - One 8
M-2812 Dec. 2,1958 183 o One B
WM.-2052 Dec. 0, 1958 1.3 . One i
M. 3014 Dec. 16, 1958 1.5 ' one T
N304 Dec. 23, 1908 Y “ One ¥
M-3072 Dec, 30, 1058 e .e ki
M-9 an. 8, 1956 2, One 4
M-26 an. 8, 1938 2495 ' Qne 3
M.92 Jan 13, 1959 205 One 5
M-92 Jan 20, 1939 2.35 ” One 7
M-12 an. 24, 1959 2,93 . One 4
M 150 an. 31, 1939 2.3 ” One T
M-103 eb, 7, 1039 2,25 " One 7
M.215 Feb. 13, 1959 2.25 " One i}
M -233 Faby, 10, 1459 2435 " One (]

(Contd.}
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TasLE 1.—{concld.)
DgraiLs OF DRUG ADMINISTRATION.,
Serial - Time

"““}b” Mouse number. Dhate of passage. } Dose adminisiered taken
o in mg./20 gm. Number of | (Days)h

passage. twice a day by times.

mOuth-

30 M-275 Feb. 25, 1969 2:2%  mg. One 8
3] M-302 Mar, 5, 1959 235 - Cne 8
a2 M-310 Mar, 10, 1059 2.25 . One i
33 M-339 Mar, 17, 1059 Sei25 " One 7
od M-351 Mar. 23, 1949 25 o One |
55 M-383 ‘War. 26, 1959 ve . i 3
b M-391 Mar. 30, 1959 . .. i +
a7 M-410 Apr. 2, 1959 ‘s - f ]
58 M-428 Apr. 4, 1439 . Foa
59 MM-438 Apr. 1, 1930 . .. : 2
H0 M-16a Ape. 11, 1958 .. is i 4
Hl M-484 Apr. 14, 1959 . .e i 3
G2 M-504 Apr. 20, 1859 2245 . Que i 7
i} M-528 Apr. 24, 1969 228 - One 3
ot M-554 Apr. 30, 1659 2.2 One 6
3 M-839 ay U, 1059 2.25 . One g9
i M-875 May 18, 1059 . e 7
17 M-G86 May 19, 1859 2.25 " Cine b1
83 M.T715 May 24, 1959 22, Cine 5
49 M-746 May 30, 1960 235 One e
4 M-779 Jun. 6, 1059 . .. T
i} M=-30% Jun. 10, 1939 e i . 4
72 M-820 Tun. 12, 1959 . : 2
i3 M-808 Jun. 1%, 1558 .. ! .. 5
Y M-882 }un. 22, 1959 225, i One 4
5 M-013 un. 27, 1959 226, ' One 5
i) M-934 Jubl, 1, 1059 225 » One 4
Ik i M-951 Jul. 6, 1830 2265 " Ome i
78 M-976 }ul‘ 12, 1950 225 . One 8
T M-387T ul. 16, 19450 2,25 . One 4
80 M-1028 Tul. 2%, 1958 228 - One 5
81 M-1083 Jul. 28, 1959 225 One 7
N2 M-1080 Aug. 1, 1958 2.23 s One 4
3 M-1115 Aovg- 8, 1950 2,95 " One 2
B M-1164 Aug. 13, 1950 2.9 Dne 5
$3 M-1187 Aug. 18, 1959 .e : .. 5
86 M-1215 Aug. 22, 1059 225 v ' Qne 4
57 M-1242 Aug, 26, 1959 295 . One 4
88 M-1298 Bep, 2, 1959 - .- 5
85 M-1320 Sep. &, 1858 .- i ‘e 6
20 M-134¢ Sep. M4, 195D .. i e G
91 M-1365 Bep. 17, 1959 2.25 - ! One 3
92 M-1400 Sep. 22, 1959 e i 5
03 M-1432 - Sep. 26, 1959 2.5 ., One 4
e ) M-1471 Qct. 1, 1809 2.26 FT) Oge o

g
&,
8
]
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The infection in seven animals, out of the eleven, treated with a dose of
2-25 mg. of the drug per 20 gm. body weight showed a clear Class I effect.
QOne animal died, and in three there was no response to the ireatment, indicating
a fifteen-fold tolerance of the parasites to the drug.

The response of the parasites to the two different doses of the drug, one
higher than the other, indicated the presence of a strain of the parasite resistant to
primaquine at least twelve times the parent strain,

Inorder tostudy the stability of resistance, the drug was stopped at 94th passage
and the resistant strain was maintained by mouse-to-mouse passage for five months,
Ten albince mice, inoculated with this resistant strain, were exposed to a dose of
1-875 mg. per 20 gm, body weight by mouth twice a day for three consecutive
days, The details are presented in Table III. It was observed that six animals
died and the parasites in the surviving four demonstrated twelve-fold resistance as
in the earlier experiments. It was further noticed that the dose appeared to be

tozic to the animals.
DISCUSSION.

From the results of the present work it is clear that it has been possible
experimentally to detect the presence of a strain of P. berghei twelve timea more
resistant to primaquine than the parent strain. In each of the two replicates used
o determine the degree of resistance, the infection in a proportion of the animals
responded to the treatment. The infection in the remaining animals, however, did
not respond to the treatment. At this stage, it would appear that the selection of
the resistant strain was not complete, The parasite population consisted of a pro-
portion susceptible to 2:25 mg. of the drug per 20 gm. body weight of the host and
another proportion resistant to the same dose. As already mentioned, this dose
was found to be toxic to the hosts. Further, mote concentrated solutions of
the drug were too viscid for oral administration to the animals. Nevertheless, it is
of interest to note that during the five months of passage of the experimental strain
without exposure to drug, the infection in 4 out of 10 mice, did not respond to
twelve times the dose of the drug required to cure an infection of the parent strain.

it bas been noted from a review of the literature on the subject, as also
observed from the results of the present experiments, that the selection of a
resistant strain of P. berghei to S-aminoguinolines, occurs in a comparatively much
shorter period of time than in the case of either simian or the avian species of the
parasite. This phenomenon of early selection of a resistant strain of P. berghei
may perhaps be attributable either to certain intrinsic difference in the pbysiology
of P. berghei from that of other species of malaria parasites or to some difference in
the metabolism of the drug in mice as compared with other animal hosts.
Ramakrishnan et al. {1957) gave ampleindication of the above two aspects in course
of their work with chloroquine. It has not, however, been possible within the
scope of the present expetiments to precisely define the factor or factors responsible
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for the early development of resistance in P. berghei againat primaquine which has
to be further investigated,

An attempt to select a strain with a higher degree of resistance than reported
at present, appears to be difficult, because the drug became very viscid in higher
concentrations and was, therefore, unsuitablé for oral administration.

SUMMARY.

The selection of a strain of P. berghei tolerant to primaquine has been
evidenced by the results of the investigations undertaken. It has been estimated
that it requires at least twelve times the scheduled minimal dose of the drug (for
the parent strain} to clear the tolerant strain of the parasite from the peripheral
blood of infected mice., The selection of the strain has been achieved by the
administration of gradually increasing doses of the drug to the experimental
animals through series of passages of the parasites.

The resistance was unaltered during the thirty-five passages without any
exposure to drug over a period of five months,

"The basis of development of resistance has been discussed with an indication

of a further scope of investigation.
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A NOTE ON THE SUSCEPTIBILITY OF RAT-FLEAS OF
DELHI TO DDT., DIELDRIN AND GAMMA BHC.

BY
M.LD. SHARMA
AND
G.C. JOSHI,
{Malaria Institute of India, Delhi.)
(December 2, 1960,]

Due to the Jarge scale use of insecticides, particularly in the field of malaria
eradication, there is every possibility of insects, other than mosquitoes, becoming
insecticide resistant. Recently in India, Patel et al. (1960) and Mohan (1960) observ-
ed DDT-resistant rat-fleas in villages of Poona District of Maharashtra State and in
Gundlupet Town of Mysore State, respectively. In both the areas, DDT has been
sprayed for several years under the National Malaria Control/Eradication Pro-
gramme. These findings have highlighted the urgent need of maintaining vigilance
on the insecticide susceptibility of insects of public health importance in general,
and rat-fleas, being the vector of plague, in particular. For such studies it ig of
paramount importance to get data on the insecticide susceptibility for the normal
population of the insect species concerned. Gollection of such data is not easy
after the extensive use of insecticides in the country. Keeping this objective in
view, susceptibility tests on rat-fleas collected from unsprayed localities of Dethi
City* were conducted against DDT, dieldrin and gamma BHC during the period
August to November, 1980. The results obtained are presented in this publica-
tion go that these may serve as base line data for purposes of comparison by other
workers engaged in similar studies.

For conducting these studies, fleas were collected from rats obtained from
those areas of the city only which had never been sprayed with any insecticidef.
The rats were killed by strangulation in a clean white enamelled basin and as the
fleas left their dead bodies, they were gently picked up by means of a sucking tube
and transferred into a clean glass jar. Strips of plain paper were put inside the glasa
jar to provide resting place for fleas. The insects 8o collected were brought to the

ek urban aces of D except for the Dhelt of houses zlong the River Jamuna which are
e ne with DDT, ﬂiuvdmea:::ua;e enforced for maleria etadica.ﬁon.lﬂe.u for the in-
vestigations were collected from rats obtained from those areas of the city only which had never
been sprayed with any insecticide.
rat-Aea population, during the period of observations from August to November, 1980, com-
TT:li:e::l 88 per cent X. cb:oapis aﬂilnw per cent X. astia. The ratio of the two sexes in
gﬁ.cheopiswasl-ﬁfemaluhoommaleand‘m&aﬂiaﬂfemaiaforwmmnle.

(123)
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faboratory and kept there for 2-3 hours after-which any dead or injured specimens
were separated,

Insecticide susceptibility tests were carried out by utilizing the insecticide
impregnated filter papers as recommenced by the World Health Organization in
their provisional technique, Whatman filter papers No. I were impregnated with
different concentrations of the insecticides following Busvine and Nash (1954)
method. From each of the treated filter papers a strip, § cm. X2:6 cm., was
cat, folded twice lengthwise in the form of ‘Z’ and put in a clean glass tube
(13 cm. long and 1-8 cm. in diameter). The tubes so prepared, with filter
papers impregnated with different concentrations of each ipsecticide, were
used as exposure tubes. With the help of a sucking tube, abou: ten fleas
were introduced into each exposure tube, the opening of which was secured
with a piece of fine muslin and rubber ring. Only active fleas and as far as
passible fed, were used in the tests. For each of the three insecticides, 8 to 14
replicate tests were carried out with 327 to 797 fleas. At the end of exposure
period of one hour, the fleas of each exposure tube were transferred to a clean
holding tube* (15 cm. long and 1-5 cm. in diameter) which, like the exposure tube,
sontained a similar folded strip of clean {untreated) hiter paper. Appropriate con-
trols were observed for each test. Mortality counts in insects were made 24 hours
after the exposure period. After this, dead and alive insects were suitably mounted
and identified species-wise and sex-wise, separately for each insecticidal concentra-

tion and test.

The data obtained were analysed by the probit analysis method (Finney, 1952)
and median lethal concentration (MLC) values of insecticides for the different
categories of insects were estimated from the graphs by the eye estimation methodt
(Tables I, IT and III),

MLG values of DDT, dieldrin and gamma BHC in the case of X. cheopis
females were found to be 0:-51, 0:04 and 0-013 per cent respectively as against values
of 0-25, 6-02 and 0-005 for the maies of the species. This indicated that the males
were more susceptible to the insecticides than the females, In field studies, usually
the susceptibility data for both the sexes are analysed together. By doing so the
MLC values for X. cheopis (males and females _combined) of DDT, dieldrin and
gamma BHC were 04, 0-035 and 0-01 per cent respectively.

In the case of X. astia, due to the very limited number of the males being
availuble, only the susceptibility to DDT of the males of the species could be
determined. The MLCs of DDT, dieldrin and gamma BHC for the females were
8-1, 0-01 and 0-001 per cent respectively. The MLC of DDT for males of the
species was 0-07 and the ML.C for both the sexes was 0-1 per cent.

*A pinch of moist saw dust was put at the hottom of each holding tube. This practice reduced
insect mortality in control tests to a considerable extent.

tData of the experiments with high insect mortality in controls were not included for the statise
tical analysis.
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From these studies it may be concluded that X. astia was more susceptible to

the three insecticides than X. cheopis and that the males* of both the species were
mote 8o than the females.

SUMMARY.

Insecticide susceptibility studies on the rat-fleas from unsprayed urban aress
of Delhi have been described. Bage line data on the susceptibility of X, cheopis and
X. astia to DDT, dieldrin and gamma BHC, have been presented. X, astia was
found to be more susceptible to these insecticides than X. cheopis.

REFERENCES,
Bosving, J.R.and Naan, R, {1954} wr World Hith. Grg. Tech. Rep. Ser., 88, p. 30
FinnEy, D.J. 11052 Probit analysis [2nd edition).
University Press.
Mosax, B.N. (1960} Ind. Jour. Mal., 14, pp. 1

Par%,BT(Bgﬁg}mru, 8,C. and Drosanxar,  Buil, World Hih, Orge, 23, pp $01-313,

*In the case of X as#:a males, sugceptibility te DD’I’ only could be delermined.
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REPORT ON AN EPIDEMIC OCCURRING DURING
ERADICATION OF MALARIA IN GIR FOREST,
GUJARAT STATE, INDIA.

BY
T.B. PATEL
AND
G.]. AMBWAN]I.
tDirectorare of Public Health, Gujarat State, Almedabad.}

i August 18, 1660.}

THERE i 4 very meagre information about epidemics which might occur dur-
ing or after eradication of malaria. Such epidemics should, therefore, be reported
in order to enable malaria workers to foresee the order of events and to realise their
Lmportance.

HISTORY OF OUTBREAK.

The outbreak under repurt occurred in two National Malaria Eradication
tinsts of Amreli and Junagadh and was detected in the month of April, 1966,

On April 26, 1980, the Unit Officer, Amreli Unit, during his routine tours
came across 53 fever cases in viltage Vadli of Jafrabad Taluka. Examination of
blood smears confirmed the diagnosis of malaria. History of patients revealed that
all the affected persons were labourers by accupation and had contacted infection
while working on road construction works in the Gir forest area. It was also clear
from the history that labourers from different villages, who had been employed for
road construction work in the Gir forest areg, had suffered from similar type of
fever and as a result thereof had been forced to leave for their respective villages.

Detailed investigations were, therefore, immediately carried out with a view
to ascertain the number of labour camps established in the forest area, the period
when they were first established and the villages from which the labourers had
come. These investigations revealed that road construction work in Gir forest area
was started in January and February, 1960, and that labourers had come from 14
villages of Jafrabad and Dhari Talukas of Amreli Unit and from two villages of
Una Taluka of Junagadh Unit. The total population of the affected villages is
18,000. From May ! to May 15, 39860, all these villages were visited and an enquiry
was made from each house. In all 342 bl sod smears were coliected from 370 fever
cases and examined. Two hundred forty-six were found to be positive for maleria
parasites of which 174 were for P. falcoparum, 67 for P. vivax and 5 for mixed in-
fection of P. falciparum and P. vivax. Enquiry also revealed that the villagers

(1203
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who had remained in their villages, had not suffered from malaria. Details of biood
smears collected from the affected villages have been tabulated in Table L.

Tasre L.
Details of examination of hlood smears collected from fever cases detected in
affected villages.
{ ! Number .
Faluka. | Serlii Nam;enof the | Popula 3-“;:‘?;‘ i of blood . .R__Efu il
; aumber. village. tion. smears P, falci-t P
A T LTy e ke, | param, fuivas, | Mixed: [ Total
Jufrabad | 1 Chitragen 566 85 80 58 1 i4 o ! 87
i 2 Vadii 624 70 70 28 i4 0 | 42
T B Timbi 2,078 490 40 1! Il |1 3
' 4 Rohisa 1,426 B 27 23 1 1 25
I8 Wadhera 1,080 30 29 18 4 6 1 2
|8 Kediali 710 8 Il 2 2 o 4
. Sokhada 88 20 17 6 8 1] 15
;8 ! Bekaria Mota B85 12 ki 3 ; 3 U ¢
P i Dadhala 373 4 4 11 aQ 0 1
! 1 { Dharabandar | 377 ! 8 & 4 1 2 0 ¢
Fo Dholadri 206 {2 2 0] U 0! 0
;12 Mithapur 669 | X 1 o | 0 0o 6
I3 Khodiar Dam o ¢ & 2 ; 3 ¢ 3
Obari | 1 Dalkania 1392 | 19 7 13 0 4
Una | 1 Kob 1,248 ! 3 3 3 {0 0] 3
P2 Khatriwada o02 | 29 29 i8 { 2 2 22
. e e . b e mn N
| Total | w0 32 | 1 | 67 5 |8
GIR FOREST.

Since infection was contacted by villagers inside Gir forest, it will be
necessary to describe the forest area in some details,

It extends from Una Taluka of Junagadh Unit to Dhari Taluka of Amreli Unit
m the North and in the West up to Talala and Mendara Talukas of Junagadh
Unit (Map 1). It is a scrub forest spread over an area of 500 square miles and is
well-known all over the world as an abode for the famous Kathiawad Lions. There
is only one small hillock situated roughly in the centre of the forest {(known as
Sassan hill), but terrain on the whole is undulated and is traversed by small rivulets
and streams which flow almost throughout the year the Average annual rainfall is
about 1,500 mm. It is inhabited by persons whose main occupation is cattle grazing.
To a little extent some area has been deforested for agricultural purposes. People
live clustered together in a small area popularly known as 'Nes’. Dwellings are
small, one~-room huts, made of wood and mud. Since peaple have to shift from one
place to another inside the forest area in search of grazing ground for their cattle,
many huts are built for only temporary residence. Such temporary huts are built
out of tree-branches and leaves.

The cattle is kept in fenced area at some distance so as to prevent entry of lions
in the huts, Fence is usually made up of cactus and thorny bushes. Some of the
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"Neses’ which are permanenily inhabited are known as ‘villages’. The total number
of *Neses’ and villages is 123 and they have an aggregate population of 10,000,

This area was first surveyed by Major J.A. Sinton in April, 1929, The
survey of Sassan village then revealed a spleen rate of 100 per cent and child parasite
rate of 85 per cent. A. culicifacies and A. stephensi were incriminated as pgimary
vector species, and transmission scason wias found to extend from Jume to

tJecember.

SPRAYING HISTORY QOF GIR FOREST.

The spraying was first started in this forest area in 1949, by the then Public
Heaith Department of Saurashiza. The details of the spraying are as follows 1 —

1949—One round of 50 per cent DDT wettable powder at the rate of 36
mg. per sq.1t. in the month of July.

1950— —do—

1981—Two rounds of ipsecticidal spraying, one in June and anvther in
August, but at the same dosage schedule,

1952— ~—do—

18537 Two rounds of 78 per cent DIDT wettable powder in
to ¢ June and September at the rate of
1957 } 112 mg. per sq. it

1958 | Three rounds at the same dogage schedule,
to ¢ thitd round starting from the middle
1959 J of December and lasting for a menth,

‘These measures have, however, not given us satisfactory results as can be
scen from the study of the sutvey results of Sassan village. Unfortunately, Sassan
village has not beensurveyed regularly. The available data tabulated in Table II
indicate that malaria transmission has not been intercepted in this area for over 2
number of years. The study of the malaria morbidity statistics of Sassan Dispensary
ivide Table I} also reveals the same fact,

Tapre 11,
Results of survey of Sassan village.

P teee 1958.59. l 1659.60.
Spleen rate. ] 100+0 1540 | 3
Child parasite rate. ; 6540 Not done l Do}
Infant parasite rate. ;. Not done Not done | Not done
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Tascs iIL

Monthwise maiaria morbidity figures shown as petcentage of malaria cases to afl cases
as veperied by the Medical Officer, Sassan Dispensary, from 1955-1960,

L1936, 1 1056, 1 1857, | 1985. | 1040, | 1860,
et e i o h——— e 121 |t - ba e - f— H | S
i ' : | ! )
January ; Not ¢ Not | 206} 188 + Not 184
) 1 reported. ! reporied. | ; re'parted.l
Februacy | 283 | 364 | B0t 972 | .do- | 159
March [ 228 | 100 23:1 188 182 | 143
April [l 188 26+4 18:8 27 | T2
Muy o907 264 21:8 2.2 . 238 Mo
June I oes2 ¢ 2837 i 3ud 10+6 238 ¢
Tuly i 4429 E NOtad 404 203 163
1 reported. :
August > P31 | h2u 32.8 204 %
Septgmbgf 1 1 1% : 175 28.3 i} 115 !
October | 303 : 24.0 16:1 Not | 37 i
I repoite .
November | 840 | 23 34.7 pﬁo 127 |
December 1 247 ! 385 400 267 170 ;

ROAD CONSTRUCTION WORKS AND LABOUR CAMPS
IN GIR FOREST.

A few road consiruction works were started in the Gir Forest area in the
heginning of the year 1040 :—

(1) One such work was the construction of a road, about seven miles long,
hetween Sassan and Kapuriya Nes. To start with, 70 to 80 labourers were employed
by a private coniractor on or about February 1, 1060, Within 10 days, the strength
of the labour rose te 300 persons. These labourers used to camp either in Sassan
village or at the work-site where temporary sheds had been erected by the contrac-
tor. The occurrence of fever cases was first noticed in the last week of February,
and by about March 25, 1960, the whole camp was deserted by the labourers.
On April 4, 1960, the contractor brought a fresh batch of 70 labourers from other
villages, but all came down with malaria by about April 15, 1960, Therefore,
broadly speaking, malaria attacks appeared after the completion of intrinsic in-
cubation period of 10 to 12 days. Temporary sheds erected for labourers had
escaped gpraving. Sassan village itself was last sprayed in the second week of
December, 1959,

2] The second work was the construction of a road, about 18 miles long, from
Jarovala Nes to S3ap Nes.  Actual construction work was, however, commenced from
Jamvala and Sap Nes. It seems the work wus started in the beginning of January
and by about middle of January the number of labourers employed was 260, It is
pot clear as to when the frst case occutred but great number of fever cases began
to be reported in the beginning of February, 1960, and by the end of February,
majority of the labourers, having suffered from malaria attacks. began to leave
the labour colony. In order to maintain the progress of the work, the lahour
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reinforcements were regularly brought in by the contractor. But within a fort-
night, majority of them used to come down with malaria.

{3} A third labour colony was established at Panikota Nes near Prachi Road.
A few labourers were first employed in the beginning of May, 1960, for breaking the
metal to be used for road construction work, Their strength, however, rose to
40 by the end of the first week of May, 1960. By about May 16, 1960, fever cases be-
gan to be reported and many labourers deserved the work-site. As usual, reinforce-
ments were brought in by the contractor regularly and when this camp site was
visited on May 21, 1960, out of 17 blood smears examined 4 were found to be
positive for melaria parasites (P. falciparum). History revealed that labourers
had suffered after a stay for a fortnight in that area.

Investigations carried out in the nearby Neses, i.e., Sassan, Jamvala, Sapnes,
Kapuriya, and in other 8 Neses, did not reveal any outbreak of malaria. Detection
of few malaria cases in some of these Neses during the first week of May. 1960, was
aot 2 new occurrence as a few sporadic cases have always been seen in forest areas
in the past years. Actually 67 blood smears were collected from these 12 Neses
between May 1 and May 30, 1960. On examination, only four were found to be

positive for malaria parasites (P. falciparum), (Table IV).

TasLe IV,
Details of blood smears collected during May, 19680, from Neses of Gir Forest.
Numbe: Rusurrs.
. Serial { Name of the | Popu- Number of blooé
Taiuka. \ i of fever i
number., village. lation. ! cases, | smeare | P, folei-| P. .
* takmo pavum. dm ML‘{ed. Tntal.

Vigavadar 1 Limadhera 692 8 8 1 [t} 9 1
Talala 1 Sassan 515 4 4 i i @ 0 1
2 | Rapuriya 2! 1 16 ] 1 0 o
8 | Bhojde 319 5 5 | o 0 9 o
4 ! Yavantri 428 3 & | 1 ] H 1
: 8 Babira 90 4 4 1 0 1] 0 a
8 Dabhoda 60 | 4 4 ¢ 0 ¢ o
Una 1 | Vapkia 48 | 2 3 0 0 9 0
i 2 | Kasaria 460 [ U 11 - . - .
8 | Dodhi 51 [ 2 g 0 9 0 0
[ 4 Asundveli | 18 1 1 0 0 0 0
;& | Gir Mandir 18 8 8 1 0 E 0 i
&7 87 4 0 ! o I 4

The fact that no undue increase in malaria cases bad occurred in the Gir Forest
area, 1= also supported by malaria morbidily figures of Sassan Dispensary reproduced
in Table IIE
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DISCUSSION,

It will be seen that all the malaria patiepts encountered in the affected
villages were labourers by occuption and had contacted infection while working
inside the Gir Forest area. Malaria transmission in the Gir Forest has never been
completely intercepted. This is amply clear from the study of survey results of
Sassan Nes. It has, therefore, been always known that residual infection persists in
this area which we call as *‘problem area”. The problem of persistence of malaria
in this area is being studied, but the fact remains that here was an area where, so to
say, a fire was smouldering.

On the other hand the labourers came from an area where DDT spraying
since 1953 had successfully brought the reproduction rate below unity and the
infection was on its way out. This conclusion has been surmised from the
curmulative malariometric indices of the affected talukas of Jafrabad and Dhari,
{Tables Va, Vb and V¢).

Tanre Va,
Cumulative spleen rate,

“952-53 1953~54i‘195!-55 1953-56 | 1056-37 | I957-58£]9’53-59 1959-60

oo O SR

Dhari Taluka. 206 | 1504 | 1004 | 634 | 13t | 176 | 177 | 1.8
Jafrabad Taluka. . - . e SO S 0+60 00
TasLk Vb,

Cwnulative child parasite rate,

| 1052.58 | 196854 | 1054-56 1955-56‘ 1956-5'}‘1957-58|1958-59 1056-60
Dhari Taluka. [ "vre | o5 | w8 | 222 | 16 | 075 | 0o | o0
Jafrabad Taluka. i . .. . . .. E . 60 | 00
TasLe Ve,
Cumulative infant parasite rate,
| 1962.55 | 1953+54 | 1954-55 | 1855.56 | 1056.57 1957-58 | 1968-59 | 1050.60
Dhari Taluka. | .. |62 | 833 | 00 | 00 | G0 | 0o | 00
lafrabad Taluka. S .- ‘e AP 00 LY

In such 2 community, immunity will be at a very low ebb and majority of
persons will be more or less nop-immune.

Introduction of such non-immunes into an area, where transmission of
malaria has not been interrupted, may be likened to the introduction of dey wood
into smouldering fire {dry wood will catch fire in no time}.
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Such an epidemic is not a new occurrence. The association of malaria epidemic
with migrant labour is sufficiently well-known to be honoured with a name of its
own ‘‘malaria of tropical aggregation of labour™ and is known to occur in areas
where malaria is unstable. But such a localised epidemic, during eradication of
malaria, poses different questions. Two inberent features of localised epidemic

41¢ 1

{1} its great intensity, and

(2} its diffusability,

Because of its intensity, meny great works and enterprises bave been abandon-
d in the past. Its diffusability will cause in zach village, in the eradication phase,
an appearance of perasitic reservoir of a considerable extent, In the outbreak under
report, labourers returned to their villages as parasite positive cases. Such dispersal
will cause epidemics arising from big origins as against epidemic arizing out of
small origin postulated by Macdonald (1857).

In such a type of epidemic the source, as in an epidemic of small origin, will
neither be a chronic case nor sporadic case or persons with measurable immunity
and, therefore, of relatively poor infective value, but large number of cases freshly
infected without measurable immunity and of high infective value due to large
number of highly infective gametocytes. Whereas in epidemics of small origin the
true growth of the epidemic would be from a few number of secondaries, arising
aut of solitary chronic cases, the true growth of the type of epidemic postulated
would be directly from the primaries imported into the villages and as such will
give rise to a considerable number of gsecondary cases. Thus during the second
incubation interval there will be a geometrical increase in the daily increase of new
cases as against the arithemetical increase in the daily increment of new cases during
the second incubation interval in epidemics of small origin.

This order of events in an epidemic of large origin, therefore, points our to
the necessity of not only early detection of malaria cases during surveillance phase
byt also to the necessity of devising ways and means to control it during the first
incubation interval of the outbreak.

Luckily, this order of events did not occur in the affected villages under
report becauge the return of parasite positive labourers to villages occurred at a
1ime when seasonal conditions were unfavourable to transmission of malaria, The
result was that no introduced cases could be detected and the epidemic died a
natural death. But for such a conclusion, in the absence of a surveillance orgapisa-
vion, the end results would have been disastrous.

Qutbreaks of such epidemics during eradication phase need to be given
special attention because it may lead to multiple foci of infection in several places
and thus may create grave consequences. As such wherever there is likely to be
congregation of labour force on several construction projects, the malaria organisa-
tion should watch the situation very carefully, Luckily, in the epidemic described,
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the labour force came only from the nearby villages and their return to their
villages occurred during the period when malaria trapsmission was not possible.
Thiz may not happen every time and may lead to extensive outbreaks of malaria
with dire consequences to the eradication campaign when a number of large
development projects are being executed both by the Government and by the private
seetor in many parts of the country throughout the year.

During eradication phase, the following three types of epidemics can be

nvisaged 1~

{1) Epidemics arising out of small origin,

(2} Epidemics which are recrudescent epidemics. e.g.. “An outbreak of
malaria in parts of Thana District, Bombay State, India, after severel
years of successful control” (Patel, Ramachandra Rao and Ambwani
1981), and

{3) Epidemics (of a type described above) arising out of big erigins.

SUMMARY AND CONCLUSION,

1. A malaria outbreak amongst a changing labour force of approximately
800, working in the Gir Forest area on road construction works during early months
of 1960, has been described.

2, Three hundred seventy fever cases were investigated and in all 248 blood
smears were found positive for malaria parasites.

3. In the Gir Forest areas, the outbreak occurred amongst mtmduced labour
population which was rendered more or less non-immune as a result of continuous
and effective control measures taken for a period of preceding seven years in the
villages from which the labourers came.

&, As a result of dispersal of labour to their own villages, 14 villages with
a total population of 16,000 were exposed to the risk of malaria outbreak.

5. The order of events in an epidemic, arising from these multiple foci of
infection, has been described.

6. Luckily extensive outbreak in the affected villages did not occur because
Jispersal of labour occurred during the non-transmission season.

7. According te mathematical epidemiology, grave consequences can occur if
timely action is not taken to curb the outbreak arising from big origins during the
tirst incubation interval.
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AND
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{Maliaria Institute of Indin.)
{December 27, 1860.}

INTRODUCTION.

Tre dramatic success of DDT in controlling Pediculus humanus corporis and
thereby the incipient typhus epidemic in Naples during 1943 resuited in its wide-
spread use throughout the world for controlling body lice (Brown, 19568). However,
this initial success of DDT in the control of body lice did not last long. In 1950-51,
the application of DDT resulted in the precipitation of resistance in body lice,
infesting a large group of military personnel stationed in Korea (Hurlbut et al.,
1952). Since then insecticide resistence in body lice has been reported from many
places. From the available data, it would be seen that the number of countries
reporting resistance in body lice to DDT, gamma BHC or pyretbrins are 22 up to
date against two up to 1952,

In their review of insecticide susceptibility data of body lice up to 18566,
Wright and Brown (1957) observed that resistance in a population of lice varied
from one individual host to another. They also recorded a few cases of high
resistance in lice collected from individuals never exposed to any insecticide.
However, they observed generally lowered susceptibility to DDT in lice collected
from regularly dusted areas than those from areas where the population was either
never ot occasionally treated with insecticidal dusts,

In Indiz, very little work has been done to study the insecticide susceptibility
of lice. Systematic studies on the susceptibility of body lice to DDT, gamma BHC
and pyrethrins were, therefore, undertaken in three widely separated areas of the
country. These investigations were conducted in the villages of Meerut District
of Uttar Pradesh during March, 1960, Gundlupet Taluk of Mysore State duting
June-July, 1960 and in Baroda City of Gujarat State during September, 1960. The
results ohtained are pregented in this communication.

1392
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MATERIALS AND METHODS,

In the experimental areas, no insecticide was ever used for anti-louse purposes,
though the houses there had been regnlarly sprayed with DDT or gamma BHC
for about five to ten years under the National Malaria Contirol/Eradication pro-
gramme. In each ares, adult blood-fed body lice of both sexes were collected from
the clothings of infested persons and kept in test tubes containing small pieces of
lint. The insects so collected from the field were brought to the laboratory and
kept for two hours for conditioning. The active adult lice were then exposed to
cloth pieces treated with different concentrations of DDT, gammma BHC and
pyrethrin powders supplied in the W.H.O. test kit for body lice®. The number
of lice exposed to each concentration of different insecticides varied from five to
twenty-six depending upon the number of insects available. Two to six replicate
tests were performed with each concentration of the three insecticides. The period
of exposure of insects to insecticide impregnated cloth pieces was 24 hours in most
of the tests, Lice found dead or moribund? at the end of exposure period were
counted as dead. The mortality rates, in all the concentrations of the three
ingecticides tested were found to vary from 80-0 to 1000 per cent,

With a view to getting the critical range of mortality in the test insects, the
exposure period was reduced to 12 hours in some tests carried out with the lice
collected from the villages of Meerut District of Uttar Pradesh. The mortalities in
ingects were recorded at the end of the exposure period. Similarly, for the same
reason, in some tests carried out in Gundiupet Taluk of Mysore State, and Baroda
City of Gujarat State, body lice were also exposed to DDT for four hours; to gamma
BHC for two hours and to pyrethrins for half an hour, one hour and two hours.
In these tests, mortalities in insects were recorded after 24 hours of holding.

The mortality rates in the different concentrations of DDT, gamma BHC and
pyrethrins, with continuous exposute period of 24 hours, were very high and no
correlation was obtained between the different concentrations of the insecticides
and mortality rates in the insects exposed. Even with the shorter period of
exposure {(four hours for DD'T, twe hours for gamma BHC and half-an-hour, one
hour and two hours for pyrethrins) the response of body lice to the insecticides
was erratic. Therefore, the data could not be analysed for the quantitative estima-
tion of the means (MLC values) and the variance of tolerance distribution for
different insecticides. However, for purposes of comparigon the average mortality
rates for each insecticide were estimated from the Insect mortality data obtained
with 24 hourg exposure in different concentrations.

* In control tests, body lice were exposed to clean cloth pigces in accordance with the W.H.O.
technique. Itis, however, desirable that for proper comparison, control tests are carried out on
sioth pieces treated with the diluent powder only (without any insecticide).

t Insects found incapable of co-ordinated movernent were considered as moribund.
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RESULTS AND DISCUSSION,

The data of susceptibility tests obtained with 24 hours exposure of body lice
to DDT, gamma BHC and pyretbrins are depicted in Tables I, IT and IIL
respectively, It would be seen that the mortality figures of body lice in different
veplicate tests and with different concentrations of inseclicides were almost the
same, It may, therefore, be concluded that the susceptibility to the three insecti-
cides of body lice, collected from different petsons in the villages of Meerut
District of Uttar Pradesh, Gundlupet Taluk of Mysore State and Baroda City of
Cujarat State, was alost identical. The avearge mortality rates of bedy lice with
24 hours of exposure to four concentrations of DDT (5-0, 1-0, 0-2 and 0-04 per cent),
gamma BHC (2-5, 0-5, 0-1 and 0-02 per cent) and pyrethring (0+2, (-04, C-008 and
90016 per cent) were found to be 98-3, 100-0 and 99-8 per cent , respectively, in the
case of lice collected from the villages of Meerut district of Uttar Pradesh. Values
obtained for lice collected from Gundlupet Taluk of Mysore State and Bareda
City of Gujarat State were also similar {Table IV). The average mortality rates in
tnsects from the latter two localities for DDT, gamma BHC and pyrethrins, were
36.5, 99-1 and 96-5 per cent and 95-0, 100-0 and 983 per cent, respectively. The
mortality rates in body lice collected from the villages of Meerut District of Uttar
Pradesh for DDT, garnma BHC and pyrethrins after 12 hours of continuous
exposure were found to be 858, 99-3 and 98-3 per cent., respectively {Table IV). A
comparison of these two sets of results obtained with 12 hours and 24 hours of
continuous exposure periods suggested that the reaction of the insects to each of
the insecticide was completed in this strain within 12 hours, resulting in similar
mortality rates in the insects.

For comparison the base line data of average muwortality rates, with themr
aducial limits at P =0-04, for the three insecticides were also estimated. For this
purpose, the average mortality values*® of body lice, of ¢colony strains and field
populations never subjected to insecticide dusting, reported by Wright and Brown
{1957) and Narasimhan (1959), were used. The estimated values in abridged form
are given in Table V. The base line data regarding the average mortality rates
{with their fiducial limits) of body lice, when exposed to four concentrations of
DDT (50, 1-0, 05 and 0-1 per cent), two concentrations of gamma BHC (0-25 and
5 per cent} and pyrethrins (0+02 and 0-04 per cent), were estimated from the tesults
of susceptibility tests carried out with more than eight thousand body lice in over 30
vountries of Europe, Asia, Africa and America. The estimated average mortality
rates in insects of 92, 97 and 97 per cent for DDT, gamma BHC and pyrethrins,
respectively, may be considered as population values of insecticide susceptibility for
the susceptible strains {normal) of body lice. In the tests carried out in the villages
of Meerut District of Uttar Pradrsh, 349, 315 and 200 body lice were exposed to

* The mean values, and the range of variation of the mean at P=0.01, were egtimated after trans-
forming the mortality rater to angular values with the belp of Tablz XII of Fisher and Yates

11948).
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TasLe 1V,

Average mortality vate (per cent) of body lice when continuously exposed to varying
periods of time on four concentrations of DDT, gamma BHC and pyrethrins.

! ! AVERAGE MORTALITY RATE (PER CENT) AT THE
i ' YARYING FOUR CONCENTRATIONS OF DIPFERENT
i ! NISECTICIDESY,
13

focality. Insecticide.
{ 24 hours of continuous | 12 hours of continuous
! exposure® exposure ¥
- i
Meerut District, DDT 95.3 {349) 85.8% {268}
ttar Pradesh. Clamma BHC 100:0 {315} o3 (278)
Pyretheins 996 (290) 953 (250)
Gundluper, Mysore DpoT 866 (1201 e
State. Gamma BHC 991 (120} .
Pyrethrine 98«5 {1214 .
Baroda City, DDT 95-0 (120} .
(Gujarat State Gamma BHC 1000 (120) .
i Pyrethrine 083 (126)
*Mortalities in body lice were recorded at the end of the specified periods of continuous
exposure.
N.B: Figures in parenthesis are the total number of body lice exposed in the four concentra-
tions of each insecticide tested,

DT, gamma BHC and pyrethring and average mortality rates of 98-3 (89-8)f, 100-0
(100.0)t and 996 (100-0)% per cent., respectively, were observed. The average
mortality rates of the susceptible strain of body lice may range between 86-96,
92.99 and 94-100 per cent for DDT, gamma BHC and pyrethrins, respectively
{values derived from Table V). The average mortality rates for DDT, gamma
BHC and pyrethrins, estimated from the results of the tests carried out on body
lice obtained from villages of Meerut District of Uttar Pradesh, lie either outside
the upper limit of the respective range or well within jt, From this it may be con-
ciuded that the strain tested was susceptible to all the three insecticides. Similarly,
in the tests carried out in Gundlupet Taluk of Mysore State average mortality rates
of 86-5 (93-9)1, 89-1 (100-0)F and 96-5 (100-0)} per cent were observed when 120,
120 and 121 body lice were exposed to the varying concentrations of DDT, gamma
BHC and pyrethrins, respectively, The average mortality rates of 95-9 (100-0)F,
100-0 (100.0)* and 98-8 {100-0)} per cent in body lice collected from Baroda City of
Gujarat State were obtained with DDT, gamma BHC and pyrethrins, respectively,
when 120 insects were exposed to each of the three insecticides. These mortality
rates, when referred to Table V, indicate that the strains of body lice from the
above mentioned two localities were also susceptible to the insecticide,

t Figures in parenthesis were estimated from the data for the insecticidal concentrations falling
within the respective range of concentrations specified in Table V. As the difference in the two
aety of figures for each insecticide being not significant, Table V could be consulted for any one
set of figures.
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SUMMARY,

Insecticide susceptibility tests were carried out on body lice obtained from the
villages of Meerut District of Uttar Pradesh, Gundlupet Taluk of Mysore State and
Baroda City of Gujarat State, during the period March-September 1960, using the
W.H.O. test kit for body lice. The strains of lice obtained in the three localities
were found to be susceptible to DDT, gamma BHC and pyrethrins.

REFERENCES.

Browx, AW.A. (1058) Insecticide  resistance  in  Arthvopods.
World Health Organization, Palais
Des Nations, Geneva,

Fisnery R.A. and Yates, B (1048} - Stasisticil  tables  for biological,
cultural and medical research (Bnd ed:-
tion). Oliver and Boyd, Edinburgh.

Hurweor, HE, Auraman, R.M. and  Science 115, pp. 11-12,

Nisrey, C. (1962)
WriGHT: L.W. and Brown, A.W.A, (1957} Bl ‘ch}a‘ Health Organization, 18,
pp- 9-31.
Napasisegan, D. (1959) World Health Organization, Inf. Cir.

Resist., 20, p., 7.






Indian fournal of Malavivlogy, 18, 2, func 1941,

OBSERVATIONS ON MAS33 THERAPY WITH DIETHYL-
CARBAMAZINE IN FILARIA CONTROL UNIT,
FAIZABAD, UTTAR PRADESH.

Y
IMWAN CHAND,
M V. SINGH
ARD
V. K. BHASKAR,

(Malarvia wnd Filaviasis Ohgaazavion, Unar Pradest, Lucknote,)
{ September 2, 1940 |

Unprik the auspices of the National Filaria Control Programme, a Filaria
Coutrol Unit was established in Faizabad in January, 1957, with the object of
carrying out control measures in a compact block having a population of about
1,30,000 in the urban and I,70,008 in rural areas of the district. An area having a
population of about 30,000 was selected as “Special Study Area™ for the purpose of
wsessment of results (Map 1), This paper summarises the parssitological findings
after the completion of mass therapy with diethylcarbamazine which is one of the
zontrol measures.

Pre-control survey.—A preliminary survey was carried out in the Special
Study Arca. The infection, disease and endemicity rates are depicted jn Tuble ]
according to the various age-groups.  The infection is due to W. banerofti.

Tanix I,

Injection, disease, endemicity vates and average infection in the Special Study Area
according to the age-group before starting mass therapy.

T— L ! H a
Age-group ] Total Infection | Disease f Endemicity J}:fi?fx%-
in years. i exarnined. (per cent}. : {per cent). 1 (per cent)- c.ramm. of blood.
9 B 318 o4 '; 0-31 ! 4l 18 '
B-10 ' 540 9.3 ! 340 : 183 H
11-20 : 1,113 12.3 | 54 : bHis 15
3130 : 1,113 13-8 | L1 : 4.2 6
31-40 430 14-3 f 7+8 E 20k 14
1530 10 T£-D) : 84 ; 219 ! 17
Above 50, 92 13 | 43 oY 15
4,560 125 E 53 i 16.6 10
- 1

ENTOMOLOGICAL OBSERVATIONE,

‘The entomolugical observations were carried out from January to December,
1458, The details of the dissection of C. fatigans are shown in Table IL
144
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TanLe .

Result of dissection of C. fatigans from the Special Study Area prior to drug
adm:mstmhon

: Number of Number Snuzs OF DEVELOPMENT OF ukv;:“
Area. |G, fatlgaﬂs found "
! dissected. =. posmve I I ]1 L v

Special Study§ 2,402 1 68 | ' 36 ; 2]

MASS THERAPY.

Mass therapy with Diethylcarbamazine was started in the month of May,
1958, and was completed in the last week of December, 1958, taking about
8 months to cover the population.

Drug distributing teams were organized and each team consisted of two Field
Workers, The teams were supplied with the drugs for distribution, and the
enumeration registers bearing the detaiis of the population, The drug was
distributed to all the available persons, with the exception of children below two
years, pregnant women and persons with chronic ailments, for five consecutive
days in the following doses :—

Above 18 years 2 tablets {100 mg. each)
12 to 18 years 1.5 tablets

6 to 12 years 1 tablet

2 to 6 years 0-5 tablet

It was ensured that every person swallowed the drug with the help of water
in the presence of distributors. The drug distributing teams worked directly
under the supervision of medical men.

Publicity and press propaganda was carried out simultaneously. The details
of mass therapy are given in Table HI.

Out of a population of 3,600,093 enumerated, 23,643 or 7-8 per cent were
either exempted or were absent during the therapy. Thus total persons available
for mass therapy were 2,76,550, representing 92-2 per cent of the population under
control. Out of these persons available for mass therapy, $8-3 per cent took
the drug for varying number of days. The percentage of persons taking the drug
for all the 5 days was 61'1.

REACTIONS OBSERVED IN THE COURSE OF MASS THERAFPY.

Various reactions, such as headache, body pain, nausea, fever (varying from
99 to 102°F.), diarrhoea, constipation and lymphangitis were noted in a population
of 21,301, representing 108 per cent of those who took the drug. Maximum
reactions (10-69 per cent) were noted on the second and third day of therapy. Such
reactions were symptomatically treated by the teams under the supervision of
medical men. Table IV shows various reactions noted during mass therapy.
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POST-MASS THERAPY SURVEY,

Follow-up sutvey was carried out in the Special Study Area from January,
1939, in order to assess the immediate result of the mass therapy. Only 2,936
persons were common to both the surveys. The resulis of the follow-up survey
are given in Table V,

Table VI shows the percentage decrease or increase in the infection rate in
different age-groups following the mass therapy as well as changes in the average
infestation.

DISCUSSION.

The experience gained in carrying out the mass therapy amongst a large
population has shown that in the filarious areas majority of the population does
cooperate towards the success of such operations provided the publicity is adequate.
However, quite a large population (representing 38-7 per ceat of the population)
who may be harbouring infection, could not be covered by the mass therapy
because they were either exempted or they refused to take the drug. Even amongst
the persons who were available for mass therapy, some did not take the drug for all
the § days.

The percentage of reactions, which works out to about 106 per cent, alse
limits the use of drug. The percentage of reactions is approximately the same as
hat of the infection rate which supports the close relationship between the drug
reactions and presence of microfilaria in the blood.

The reduction in the infection rate {45-80 per cent vide Table VI) ia not propos-
tional to the percentage of the persons taking the drug for all the 5 days (81-1 per
cent). It is further observed that 54-4 per cent of the infected persons are still left
nositive for microfilariae. In contrast, the reduction in average infestation by 862-50
per cent is noteworthy. The combined effect of the reduction in infection rate and
microfilarial infestation on the dynamics of the transmission of filariasis and its
2ffect on the commuaity, are being studied.

SUMMARY.

1. The results of pre-contro! survey have shown that the area selected for
control operation had moderate degree of endemicity, being 166 per cent,

2. The type of infection present in Faizabad District is W. bancrofti and the
vector is C. fatigans, -

3. The percentage of persons who took the drug for varying number of
Jdays is 66'3 per cent, while who took the drug for all the § days is 61-1 per cent.

4, The post-mass therapy survey was carried out which shows that the in-

tfection rate has been reduced from 12-5 to 8'8 per cent while the average infestation
has been reduced from 16 to 8 per 20 c.mm. of blood in the Special Study Area.
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TIONS ON ITS BIOLOGY.

BY
B.L. WATTAL
AND
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{Septemnber 2, 1960.]

INTRODUCTION,

TuE Indian bed-bug, Cimex hemipterus Fabricius (C. votundatus Signoret),
which is also referred to as tropical and substropical bed-bug, is widely distributed
in the plaing of India. In the hilly regions, however, C. lectularius Linn. is the
common species. Although bed-bugs have always been present in rural com-
mannities in India, their populations seemed to have been considerably reduced
following the wide-scale use of residual insecticides under the National Malaria
Control (now — Eradication) Programme. However, the relief from bed-bugs in
certain areas, particularly in humid and warm districts of Bombay and Orissa
States, seems to have been of a limited duration. The impression seems to be
that bed-bug populations have increased over the populations prevalent in the pre-
DDT era. The causes attributed to this increase were that the bed-bugs have
developed resistance to insecticide (Rao and Halgeri, 1956) and that the residual
insecticides have interfered with the role of natural predators/parasites in regulat~
ing the population of this insect (Wattal and Kalra, 1960},

A colony of the bed-bugs was raised at the Malaria Institute of India, Delhi
for insecticidal and biological studies. The methods adopted for successful
raaintenance of the colony, and the observations made on some aspects of the
hiology of C. hemipterus, are reported in the present paper.

LABORATORY REARING,

Among others, the technigues for laboratory rearing of hed-bugs have been
described by Patton (1008), Girault {1910}, Rendtorff (1938}, Woodbury and
Barnhart (1939), Davis (1856) and Adkins and Arant (I1859). The methods follow-
ed by these workers involved maintenance of bed-bugs in glass containers, varying
in size from specimen tubes of 3 inch X1 inch size and petridishes to wide-mouth
glass jars. In each case, pieces of paper {paper towelling or blotting paper) were
provided for oviposition and shelter, The containers were provided
with cotton wool plugs, fine cloth, 60-mesh gandy, or nylon net covers.
Adequate precautions were taken to prevent bed-bugs from getting out of the

(157)
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feeding or rearing chambers, which in sore cases were separate. The bugs were
fed by placing the mouth of the container directly on the host. The host
varied from mapn, guinea-pig, to rabbit. The bugs were fed either daily or on
alterpate days or once a week®,

Tn the Malaria Institute of India, Delhi, attempts to colonise the bed-bug in
the laboratory were made during the autumn of 1957 whan adult bed-bugs were
obtained from the bedsteads used in the Police Barracks, Delhi. However, the
solony got established only during early 19568 after more bugs from the Police
Barracks were obtained.

The bed-bug coleny was housed since its inception till January, 1960,
i a basement room of 12 feetx12 feet with 8 feet height. The room had only
une entrance and was provided with an exhaust fan and a ceiling fan. The tem-
verature was controlled by putting electric heaters during the winter months and
previding ice slabs during the summer, During the dry months, humidity was
increased by spreading water-soaked gunny bags directly under the ceiling fan.
The average temperature varied between 75° and 84°F. and the relative humidity
hetween 74 and 856 per cent.

To start with, conventional methods for rearing the bed-bugs in specimen
tubes {3 inch X 1 inch) and round glass jars {height 8 inch, diameter 8 inch) were
followed. In case of bugs kept in specimen tubes, the feeding became cumbersome
a3 each tube had to be handled separately while feeding on the shaven back of a
cabbit. Only a few specimens could be kept in one tube and the supporting piece
of coarse paper (folded alternately 2—-4 times) had repeatedly to be changed due
e faecal matter being deposited on it.  Also, the first- and second-stage nymphs
were sometimes lost in the process of feeding. The glass jar method was slightly
better, in that B0 to 100 adults could be kept in each jar. Grease was applied to
the rims of the jars to prevent bugs (all stages) from escaping. The specimen tubes
were provided with cotton wool plugs and the jars were covered with glass panels
suppotted at one end with plasticin. The bugs in the jars were fed on alternate
days on hand by inserting the same between the coarse papers. Laterarat,in a
wire net {9 mesh to an inch) sparrow-cage of 8 X8 x4 inch dimensions, was confined
at each night in the jar. However, with this method also it became difficult to
handle the bugs at will and, in spite of water barriers provided underneath the jars,
some of the bugs did escape while handling. Eventually the!following twe
methods were adopted successfully for mass rearing of the bed-bugs in the

tabaratory.
{A) WOODEN TRAP GLASS JAR METHOD (Piate I}.
Two pieces of unseasoned wood {packing wood) of 8 inch length, 1} inch width

and 3/8 inch thickness are put together by a samll hinge on one side and a catch
on the other. Each piece is provided with a central groove of 115 mm. (4} inch)

““For review of these methods, see Adkins and Arant {1959).
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length, 8 mm. width and 3 mm. depth {approximately;. Besides, six 10 seven
side-grooves of about 15 mm. length, 3 mm. width and 2i ram, depth are made,
alternating on either side of the central groove, connecting the central groove with
she rim of the trap, The two sides of the trap, when thus apposed, have 8 holes
on one lnear side and 7 on the other. Each hole has a diameter of about 5 mm.
This trap thus provides entrance for the bugs through the holes and the bugs can
rest in the side groove and mate in the central groove. No light can possibly pass
within the trap as the side channels are not in a straight line,

Twelve such traps are placed one upon the ather, in rectangular glass jars of
3 inch X 6 inch X 12 inch (length X breadth X height) size and fifth stage nympbs, at
the rate of 20 per trap, are introduced in such a jar. The bugs immediately enter
the traps.

For feeding, each day a caged rat, as mentioned above, is introduced in the
eveping and removed in the morning. The traps are subsequently inspected on
cach day for fifth-stage nymhps which are removed with the help of a camel hair
brush to another such jar and eventually used in experiments. The open jars are
placed in enamel trays containing water. No other precaution for the escape of
bugs is necessary as none seems to leave the traps. The wooden traps are cleaned
every 4 to 5 months after the removal of eggs with a hair brush. The colony can
be avgmented by increasing the number of jars as and when required.

{(B) MOSQUITO COLONY CAGE METHOD.

Bed-bugs are also being reared in this laboratory in a wcoden mosquito cage
of 2 feetx2 feetx 2 feet size, described by Russel] and Mohan {1839}, The front
of the cage is provided with a glass plate of 1-4 foot height below which are
provided two open windows (8 inch X 10 inch) with muslin sleeves, The cage is
plastered with mud from inside and is kept in a metal tray containing water,
Folded pieces of rough paper are introduced within the cage to provide for oviposi-
tion and resting of the bugs. A rabbit cage is permanently kept in the cage and a
rabbit is introduced each evening and removed in the following morning. In this
method, a constant supply of bed-bugs is ensured and the cage can hold a large
population. However, handling of bugs is difficult and there is the possibility of
nymphs escaping on the body of the rabbit. The rabbit cage is removed every 3

months for cleaning.

The papers from the cage are periodically removed and burnt when new set
of papers is introduced.

FIELD COLLECTION (Plate II-A}.

1) In the Indian villages the furniture, commeonly used, are cots which are
ased for both resting during the day and sleeping at night. Bed-bugs can be
obtained from cots by spreading a white sheet of cloth on the ground, placing a
cot over it and beating the cot with a stick. The bugs fall or: the sheet of cloth
and can be picked by hand or brush. Adult bugs can also be picked by gently
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holding them with forceps. Bugs, hiding in the wooden frame of the cot, can be
Jislocated by tapping the frame with the stick, and picked as mentioned earljer.

2} More convenient method, particularly in the semi-urbanised localities, is
to keep at night an unseasoned wood block of 12 inch X 1} inck X 3 inch (length
x breadth X height) between the strings of the bedsteads. In the wooden block are
bored small holes (50 on the upper and lower sides and 25 on either side} of § mm,
Jdiameter and 10 rom. depth., Next day or after a few days the bed-bugs can be
collected from the wooden block by gently tapping it on a hard surface.

(3) The small wooden traps, used for rearing the bed-bugs, cun also be used
ro trap these insects from the bedsteads or occupied quarters of a dwelling. These
iraps are placed in the corners of a room at night and removed early in the morning
or after a few days. Such traps are also useful 1a collecting bed-bugs from bed-
rolls and other clothings by keeping them in such articles for a few days and then
removing them for inspection.

OBSERVATIONS ON BIOLOGY.

Considerable published data are available on the different aspects of the
biviogy of bed-bug (Patton and Cragg, 1913; Cragg, 1923; Herms, 1943; Matheson,
1950; Busvine 1951; Roy and Brown, 1054).

However, most of the data are conflicting and pertain largely to Cimex
leciularius. There are very few observations available on the quantitative
sionomics of Cimex hemipterus. Therefore during 1968-59, a series of observations
were made on the common species of Indian bed-bug under the laboratory con-
Jitions described earlier.

In this series of experiments, the bugs were confined in glass specimen tubes
(3 inch x 1 inch) plugged with cotton wool, A rectangular piece of filter paper
with 4 to 5 aiternate folds was introduced inside the tube to providz shelter and
oviposition site. At the time of feeding, the paper was brought in contact with the
skin of the host by placing the glass tube on to the surface of the host, The tubes
were kept in photographic enamel dishes inside the insectary.

) LIFE HISTORY, (Plate 11I).

The bed-bug is characterised by paurometabolous development. There is an
egg stage, 5 nymphal stages and the adult stage in the life cycle of C. hemipterus
{ug also in other members of the famiiy Cimicidae}l. The viable eggs are creamy
white, large and visible to the naked eye, whereas the imperfect {non~viable) eggs
are yellowish, smaller and slightly crumpled, The egg has been observed to
hatch after 3 days. In one-day-old eges the eyes of the developing nymph appears
as a red dot towards the operculum, The first stage nymph, as also the subsequent
stages and the adult, take a blood meal after 24 hours after hatching/moulting.
The first and the fourth nymphal stages last 4 days each, whereas the second and
zhe third stages last for 3 days each. The fifth nymphal stage lasts for 6 to 7 days.
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The whole life cycle from egeg io adult in case of either sex, under the Jaboratory
conditions, is completed in 23 to 24 days. Each nymphal stage was observed to
moult after a single blood feed taken to repletion, In case the bug got disturbed
while feeding, it would take more than one blood meal for moulting and the life
cycle consequently got delayed.

Table I indicates the average time taken for completion of the life cycle, the
length and breadth of all stages in the life history and the weight of each stage
immediately after hatching/moulting. As expected, there seems to be a gradual
increase in the size and weight of the nymphs till the adult stage is reached. The
first nymphal stage, however, weighs less than the egg. This difference is
primarily due to the weight of the egg-shell, The males are slightly smaller than
the females and also weigh slightly less. With experience, it was possible to
differentiate between the various stages of the bed-bug with the naked eye on the
basis of this size and the colouwr, The first-stage nymph is pale and the course of
the blood can be followed within the body. The subsequent nymphs are light red
to deep red in colour, whereas the adult is dark reddish-brown. The male is
stightly smaller than the ferale. Males can be differentiated from the femnales by
the curved penis observed on the ventral side and by the difference in the anal
segment dorsally (Plate IV a). The anal segment in females runs continuously in
the preceding segment, whereas in males it forms an obtuse angle with the preced-
ing segment (Plate IV b).

TasLz I.

Average time taken for completion of the life ¢ycle of Cimex hemipterus (with size and
weight of each stage} under laboratory conditions.

1

Hatching¥/ 8 .
. o moultingt ree (i) : Weight{
Stage in life cycle. : period (mng.)
[ (i days). Length, | Breadth.
Egg 3 101 038 1g
{Nymphs)
Stage first 4 129 o8 0.1
Stage second 3 1.80 002 034
Stage third 3 2409 1.26 076
Stage fourth ¢ 2.78 1452 . 3 4
Stage fifth 87§ 4,04 198 0 20
(6+2)58
{Adults) .
Male . 4.28 ; 2.25 4.1
Female ; . 45 | 38 S B}
"Fotal £3-24 T T
* First nymphal stage. ¥ Subsequent nymphal stages and adult.  } Unfed.

Range,  §§ Average.
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(i} FEEDING AND MATING,

All the five nymphal stages and both sexes of adult bug require a blood meal,
buman or animal, for survival. In fact, as mentioned earlier, the moulting from
one stage to another is dependent on the availability of a blood meal and moulting
takes place only after the blood meal has been taken to repletion. Table II indicates
the time taken by each stage for a full blood-meal and the amount {mg.) of blood
ingested per meal. It was observed that the adults take less time in feeding than
the nympal stages. The amount of blood ingested by adult was less than the preced-
ing nymphal stage. The males ingest about half the amount of blood taken by the
females. All the nymphs that eventua.ly moulted into males or females, did not
show any difference in the amount of blood ingested or the time taken for a blood-
meal. That more time was taken in feeding in the nymphal stages as compared to
the amount of blood ingested, needs elucidation by undertaking further experi-
ments, However, the fact that more blood is ingested in nymphal stages as com~
pared to their size, is probably due to the demands of rapid growth of wvarious
sissues, particularly in the last nymphal swage.

TasLe 11
Average time and the amount of blood taken per feed by Cimex hemipterus under
laboratory conditions,
" s | - . | Amount of blood taken
Stage in life cycle. . ‘Time takea {Minutes). i per feed (mg.).
j~——
Nym
Stg': first S 5—a> 0e4-m 0. 5%
& {05}
Stage second 5w 1a2uled
= (5-4) {13)
Stage third I T8 34
(72} (8-1)
Stage fourth : 910 3.6—4.8
i {8.6} (4:5)
Stage fifth i 910 5e8—7+8
: (96) (6.8)
Adults ;
Male ! 3 ZedmBe
(2-6)
Female f 4-ea5ef5 Bed—ie2
: 4N {5.8)
* Range. t Average.

The copulation takes place immediately before or after feeding, It was
observed that when males and females are isolated 24 hours after the last moult,
the males immediately seek out the females and copulate with them. The
copulation lasts for about 20 seconds, However, where the female is not stationary,
the whole act may take up to 100 seconds before the male disengages. The first
batch of eggs is laid 3 days after the blood meal. Mating was found to be essential
for oviposition.
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{iii) BIOTIC POTENTIAL AND LONGEVITY.

Observations on the biotic potential and the longevity of fermale C, hemipterus
were made under three conditions :—

{a) When a single female was confined with a single male.
{b) When a single female was impregnated only once and then isolated,
{c) When a single female was isolated before its being impregnated.

The results of these observations are summarised in Table III. Tt was
abserved that frequent mating results in bed-bug laying more eggs than when im-
pregnated only once, Also, the imperfect eggs, which are laid towards the Iast
days of the egg-bearing period, were considerably few in the case of females
frequently impregnated, as compared to the females mated only once. The females
that were not mated did not yield any eggs.

Tarre I11.
Biotic potential and longevity of adult Cimex hemipterus under laboratory conditions™.

i
i Per cent Y.owgevity {pAavsh
Serial . Eggsper | . S
: Mating, imperfect |- ——-~ e
aumber. | l fema{ﬁ BEES. Female. Male,
1 i Frecuent | 02—125% 1.3 4046+ | 115—I36¢
! {193.3)1 (41.3)} (1t
2 : Onee 1 18—87 (L 50--84 .
' i {83-8) {58.6)
3 FNil I e 1$0~215 | .
i i (197-8)

* The bugs in these observations were given human blood meals twice a week.
4 Range. I Average.

The average total number of eggs laid per female, when frequently mated,
was much higher {103-3) than the eggs laid by females mated only once. However,
under the two conditions, there was not much difference in the number of
eggs laid by a female bug at each oviposition. The eggs laid in the case
of frequently mated bugs varied from 1 to 10, whereas in the case of bugs
mated only once it ranged from 1 to 9. Whereas the eggs were laid till the observ-
ation specimens died in case of the females frequently mated, the oviposition
stopped after 29 to 36 days in case of the females mated only once, although
the females lived up to 64 days. Therefore, it seems that a single fertilization may
not be providing enough sperms or the stimulus for prolonged oviposition.

In case of the observation where males and females were kept together, it was
found that males lived much longer than the females (Table I1HI). However, the
females showed different longevity under wvaried biological conditions, The
unfertilized females lived much longer (159 to 215 days} as compared to the females
once impregnated (50 to 64 days} and those impregnated frequently (40 to 48 days),
Apparently, longevity of the female is dependent on the number of ovipositions
under-gone by it.
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i) SEX RATIO AT THE LAST MOULT.

Qut of 100 nymphs kept for observaticn for the sex ratio in the adult, only
33 moulted into females apd the remaining 37 turned out to be males.

{vj HOST PREFERENGE (Plate I A}

Bed-bugs are known to feed both on human and animal blood, During
the observations reported here, experiments were set to determine the host pre-
ference, if any, of this pest by using easily available sources of blood, The host
preference was to be determined by the number of eggs laid and the longevity of
the female bug.

Single male and female C. hemipterus were isolated in specimen tubes, as
described earlier, and allowed to feed on alternate days on the specified hosts. The
observations were made simultaneocusly using man, bulbul*, chick, rabbit and
albino rat as the blood source. Eggs were laid after three days after the first blood
meal. Since the females could mate frequently, the eggs were laid every day till
the females survived.

Table IV indicates the longevity of females and the number of eggs laid
in their life time on different hosts. Human blood seemed to yield the highest
number of eggs (104-3), followed by chick {90-7), rabbit (86-3), rat (83-7) and bulbul
{59-0). The longevity of females maintzined on different blood sources, did pot
show much variation,

TasLe IV.

Longevity of females and the number of eggs laid by Cimex hemipterus
when fed on different hosts.

Berial Soutce of : . Qrder of host
Number. blood. Eggs laid. Longevity. preference.

1 Human 99—108* 42—45 1
(104374 (440}

2 Buibul 56—88 3044 &
(5940) C o {4040)

3 Chick 20—102 38—4s 2
! (90+7) {417}

i . Rabbit 78--98 35-—41 3
{863} {373)

3 Rat T6—-92 | 3647 4
| 3 L (aL0)

*Range. tHost preference.

The life range reported in Table IV is very close to that reported in Table ITf.
For maintenance of regular colonies, however, rabbit and rat can be used to
advantage because of relatively good number of eggs obtained, and their being
readily available and easy to handle.

"agofpastss haemerrhous haemorrhous.
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HFFERENTIATION BETWEEN (CTMEX LECIULARILS AND
COHEMIPTERUSR
iPlate V).

in Induwm, in the hily regions, both Cimex lectularivs and (. hemipterns are
socountered, These two species can be differentiated as follows : -

C. {ectalarins,—Sides of pronotum widely dilated, broader than widih of'an
eye and . densely fringed with curved hairs, Apical marging of hemelytra neorly
siraight, rounded towards inner angles.

. hemipterus.~~Sides of pronotum not widely dilated and not reflexed, {ringe:d
with sparse, nearly straight hairs, Hemelytra with apical margins distinctly

rounded.
SUMMARY.

Two simple and convement methods for the laboratory rearing of consraon
fndian bed-bug, Cimex hemipterus, huve been described. In the first method traps
G inch = L inch < 3R inch) of unseasoned wood, with side holes and inside
urooves, are placed in a rectangular glass jar in which a caged albino rat, in-
woduced every night, provides the blood meal. The hugs rest and mate inside
the dark channels of the trap. The eggs are also Jaid 1n these grouves, This
method provides for the nymphs and adults of known uge and the number of
wuch colonies can be increased as and when desired, The bugs are easy 1o handle
and do not escape. The second method described is for maintenance of stock
vulonies of bed-bugs. The bugs are raised in a conventional wooden mosquito
evlony cage (2 feet x 2 feet X 2 feet} in which are placed 1 series of rough folded
saper pieces. A caged rabbit, introduced each night, provides the blcod meal.

Methods of field collection of bed-bugs have been mentioned, It has been
abscived that the wooden traps, used in colony cuges, can entrap bugs under
aartiral conditions also,

Sinece very little published work is available on the guantitutive bionomics of
‘e Indian bed-hug, observations were made on the following aspects of the biology
1 Cimex hemipterus under the laboratory conditions. Tt was observed that the
hugs complete rheir life cycle in 23-24 days. Bach nvmphal stage as well as the
adult feeds alter 24 hours after hatching/moulting. A single blood meal, taken to
repletion, is required for moulting, Males are smaller than females and also weigh
togs.  Adults were observed to 1uke less time in feeding than the nymphal stages.
The amount of blood ingested by adults was found to be less than the tfth
nyiaphal stage.  Males were observed to ingest about half the amount of blood
razen by the females.

Copulation was observed to take place immediately before or after the blood
meal and lasted for about 20 to 100 seconds.

The female bed-bug may lay one to ten e2ggs per nwviposition. Frequent
mating and hlood feeds were found to vield the maximum number of eggs. The
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temales, which mated only once, stopped egg-laying after 36 days of their life,
although they lived up to 64 days. Also single mating resulted in a higher propot-
tion of imperfect (non-viable) eggs. Females not allowed to mate, did not lay any
2gas, and lived up to 215 days. Frequently mated females lived less (up to 46 days)
than those mated once (up to 64 days). Males lived much longer than females.

"The ratio of males to females at the time of hatching was found tobe 2: 1.
Bed-bugs, when maintained on man and different animals, were found to lay
more eggs when reared on man; followed by chick, rabbit, rat and bulbul.
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Review.

MALARIA ERADICATION—A BRIEF DISCUSSION OF ITS PRINCIPLES, PROCEDURES
AND PROBLEMS. By V. Venkat Rao. (42 pages. Price Re. 1:00, Foreign 2 shillings).
(Available from the author at ‘““White House”, Daba Gardens, Visakbapatnam-4,

india).

The mode of iransmission of malaria, the basic principles of the concept of
tmalaria eradication, the techniques used and the problems likely to arise in the
implementation, have been described briefly in this small booklet. Written mostly
in simple non-technical language, the publication provides useful information on
the subject for the lay public in general for whom, the awthor says, it is primarily
intended. The importance of health education for the success of the malaria
eradication programme, has been rightly emphasised. FHowever, the manner in
which the public should participate actively in this campaign, has not been high-
lighted. The booklet could have included 2 chapter to emphasize the specific
objective of the programme, and served as a medium for enlightening the reader
that Malaria Fradication is not Mosquito Eradication. These appear to be some of
the important lacunae in 2 publication of this nature.

""'Ao K.K-

ANNOUNCEMENT.

PATRICK BUXTON MEMORIAL PRIZE.

Tue Dean of the London School of Hygiene and Tropical Medicine has
pleasure in announcing the results of the essay competition, announced in the
spring of 1960 and closed in March 1961, for the Patrick Buxton Memorial Prize.
The Prize of £150 has been awarded, on the recommendation of the Board of
Adjudicators, to Dr. B.O.L. Duke of the Helminthiasis Research Unit, Kumba,
Cameroons, West Africa, for his essay entitled *“The natural history of loiasis™.
The essay will be bound and, appropriately inscribed, lodged in the Library of the
London School of Hygiene and Tropical Medicine.

(173)
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FILARIASIS IN BAHRAICH DISTRICT, UTTAR PRADESH.

Y
DIWAN CHAND,
M. V. SINGH
AND
R. N, SHRIVASTAVA,
{Malaria and Filaria Orgenization, Uttay Pradesh).
[ May 15, 1940, ]

INTRODUCTION,

Bauralct, one of the eastern districts of Uttar Pradesh, is bounded by Nepal
Tarai in the north, Bara Banki District in the south, Gonda District in the east and
the River Gogra in the west, separating it from Kheri-Lakhimpur and Sitapur
districts, with an area of 2,654 sq. miles. The district is divided into three Tehsils,
i.e., Bahraich 8adar, Kaiserganj and Nanpara (Map 1).

PHYSICAL FEATURES.

The three main regions of Bahraich are the basins of (1) Rapti in the north-
cast, (2) of Kauriala and Gogra rivers in the west, and {3) a long narrow plateau
between the two rivers running its entire length from north-west to south-east. The
table land is well defined, stands at a height of about 40 feet above the level of the
country, has a uniform breadth and forms a water-shed between the two big rivers.

Additionally there is a Tarai region which is completely different from the
rest of the areas and extends from the extreme Nepal border of Pargana Nanpara
up to the north fringe of Bhinga (Sadar Tehsil} and whole of the Tulsipur Pargana,
It is low and is flooded during rains,

The entire district is covered with a network of small rivers and rivulets as
also many lakes.
According to the local terminology, there are three distinct zones (Map 1) of
the district 1 —
(1) Uprchar -—The upper portion of the district, mainly the table Jand
referred to above, with the sub-soil water level varying from 20 to
30 feet,
t2) Tarhar or Ganjar :— The low-lying area of the district, mainly the basin
of the two rivers referred to above, with the sub-soil water level varying
from 1) to 15 feet.
(176)
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Marp 1.

Maplof District Bahraich, Utier Pradesh, showing Physical Features.
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{8} Tarai :—The low lying area of the district just south of the Nepal Hills,
with a high sub-soil water level, i.e., Jess than 10 feet. During the rainy
season, the area is continuously flooded,

It is commonly believed that filarial manifestatiors, including hydrocele
1Gund), are characteristic of Tarhar and Tarai only and not of Uprahar.

POPULATION.

The population of the disirict is 18,47,116 (1951 census) consisting of
7,06,042 males and 6,41,074 females. The urban population is 72,380, The rural
population of 12,74,788 live in 1927 villages.

CLIMATE.

The climate is hot and humid, the maximum and minimum temperatures
being 110°F. and 48°F,, while the relative humidity varies from 70 to 90 per cent.

RAINFALL.

The average annual rainfall is 45-65 inches, the maximum being in the Tarai
area {Nanpara). During the last few years, there has been considerable variations
in the annual rainfall,

SOCIO-ECONCOMIC CONDITIONS.

The majority of the population are agriculturists. There are a few small-scale
industries as well, The average living standard is low though the district produces
surplus food grains, There is an annual big fair at the district headquarters called
“‘Sayed Sallay’ aitended by many persons from the district and from neighbouring
areas. Recently a small population from Deoria and Gorakhpur has been settied
in the forest area of Nanpara Tehsil. Communications are poor, though connected
with the neighbouring districts by road and rail, and with Nepal by road.

MEDICAL AND PUBLIC HEALTH ASPECTS.

At the district headquarters, there are a oumber of hospitals. A number of
dispensaries—allopathic and indigenous systems—, maternity and child welfare
centres, two primary health units, and a leprosy control unit, are scattered
throughout the district.

Malaria has been a major problem, and a unit of the National Malaria
Fradication Programme is functioning in the District. The district is also endemic
for cholera and small pox. Goitre is prevalent in the Gogra basin.

The sources of drinking water are shallow wells, rivers and lakes, while in
Bahraich Town there is a limited protected water supply.

There is no drainage system anywhere in the district, with the result that in
all areas the sullage water stagnates in small pools, thus forming numerous
mo squito breeding places.
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DEVELOPMENTAL SCHEMES.

Twelve Stage I and two Stage 1I blocks are functioning, while nineteen mote
Stage I blocks are expected to be opened by the end of the Second Five-Year-Plan
period.

FILARIASIS—A RETROSPECT.

Filariasis, it is learnt, has been recently introduced in this district. A few
cases had been, it is reported, noted in Bahraich Town about 25 to 30 years back,
and that from the last 10 to 15 years only there is an upward trend in the incidence
of filariasis. No flaria surveys have been carried out in the past in this area.

The report of the “Bastern Districts Epidemic Enquiry Committee (1851} of
the Uttar Pradesh Government has not mentioned filariasis as an important disease,
though stated to be prevalent in some places. In their recommendations, they have
meationed that the disease can be controlled by effective spraying of houses with
DDT.

FILARIA SURVEY-—METHODS AND MATERIAL.

A Filaria Survey Unit under the National Filaria Control Programme {Ragha-
van, 1955) carried out a survey to delimit the filarious areas in the district. The
results of this survey are reported in this paper.

The areas were selected at random from the different urban and rural parts
of the district. A door-to-door visit was made of the selected areas between 8 p.m.
and midnight to examine as many persons as possible from all age-groups and from
both sexes. The persons were exmined for disease manifestations like lymphade-
nitis, hydrocele, elephantiasis of the limbs, genitals and chyluria. Along with this,
approximately 20 c.mm. of blood was obtained from each individual from a pricked
finger and made into a thick smear. The air-dried smears were stained the next
morning with J.5.B, I stain (Jaswant Singh and Bhattacharji, 1944) and later
on examined for microfilaria, Their type and number in positive slides were
determined.

RESULTS.

17,717 persons from all age-groups and both sexes were examined from the
different urban and rural areas of the district.

The over-all infection, disease and endemicity rates were 485, 9-U8 and
14-04 per cent., respectively. The average infestation was 33-1 M£.j20 c.mm. The
minimum was one and maximum was 350 microfilariae in the positive slides. Only
Wuchereria bancrofti was noted. The disease processes consisted of hydrocele, ele-
phantiasis of the limbs and scrotum as also chyluria.

Three, out of 147 infants examined, were positive for infection, the youngest
lseing 8 months old. Disease was noted zven in an infant of about one year of age
with hydrocele (not congenital) of 2 months’ duration.
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The infection and disease prevalence smongst different age-groups for the

communities examined are set out in Tabies I and II.

TapLe [

Details of persons of different age-groups with infection,

NusmpER Of PEREONS : .
Age-group (years). . e Infecuc;r;;:te.
Examined. | With infection. | P° °°°%
Ot 1 147 3 2:.04
2o B 1,228 38 2.8
t# to 10 2,978 93 391
1i to 29 3,970 206 85.23
21 {o &0 4,603 208 8.35
3t to 40 2,888 158 862
41 to 50 1,568 105 6.60
51 and above 738 :1§ G100
Total 17,7k7 986 565
Tasre II.
Details of persons of different age-groups with filarial disease.
NumsEr oF PERSONS s
Disease rate
Age-groups (years). ’
Examioed. | With disesse. | PeF*2%
o 1 147 1 087
2to B 1,228 9 073
4 to 10 2,378 b .34
li to 20 ! 3,976 290 5.i3
21 to 80 L 4,693 557 11.86
a1 1o 4 i 2,088 436 14.59
£ to 60 ] § 568 2148 13.48
4! and above ! 739 14 1542
 Total 1,917 1,611 2.09

An analysis of Table 1 shows that the infection rate rises with the age till
age-group 21—30, thereafter remaining more or less steady. The disease rate, it
would be noted from Table 11, is negligible in the earlier age-groups and increases
thereafter with the age.

TYPES OF DISEASE PROCESSES.

Table 111 shows the incidence of various disease manifestations observed in
the population surveyed.

Tt would be noted from Table III that hydrocele and genital lesions formed
the hulk of the disease processes.
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Tase {IL
Types of dissase manifestation and their relative prevalence
amongst persons surveyed.
. . : \ Number showing
Disease manifestation. -: disease manifestation. Per cent.
Hydrocele and other genital
affections. : 1,201 TAET
Right upper limb. : 85 341
Left upper limb. ' 49 3404
ight lower limb. : 145 2.06
t lower limb, : 115 718
Chyluna. : 22 3,38

SEX AND INFECTION/DISEASE,

Table IV seis out the microfilarial incidence amongst males and females in
the population examined.

TasLz IV,
Microfilarial incidence in males and females of the population examined.

' MumBER OF PERSONS ¢

b
Sex. : ! Infection rate,

i |
Examined. With infection. | P& oot
U Male. | 18726 95 | 579
Female. ; 3,491 130 : 478
" Toul 17,719 986 566

It would be noted from Table 1V that the rate of infection significantly
dJiffers in the two, the fernales having lesser infection than males. This applies
zqually to the incidence of disease, as shown in Table V.

TasLe V,

Incidence of filarial disease umongst males and females in the
population examined.

; ;

MNuMBER OF PERSONS :

Bex. PN ._..___ iV Infection rate,
Exammed With diseage. per cent.
Male, 5 13,726 | 1 m. s
Female. : 3,901 i 2.45
Total i umr l 1,611 e

INCIDENCE IN PERSONS OF DIFFERENT COMMUNITIES.

The incidence of infection and disease in the Hindu and Muslin: communities,

in the areas surveyed, did not show any significant difference as is evident from
Table VI,
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TanLe VI.
Incidence of filarial infection and disease amongst Hindu and Muslims.
@ Numbe i INFECTION ¢ ' Disease &
) . SRS DO SRS SO, .
CamiRiay- examined. Number,i P efg;;’t. Number.g pﬁac';e!’m
' Hindus. ;__-_‘;.’.(;2_0__.. 647‘ 538 | 1,003 1' 9.17
Mualims. ‘w!_i:ﬁﬂihuuu%ivﬂﬁ-% 508 : 8.1 )
ol [ 7 | we | 5es | Lol | a0e

FILARIASIS IN URBAN AND RURAL POPULATIONS.

The infection, disease and endemicity rates of the population in the urban
and rural areas examined are set out in Table VII.

TasLe VIL
Filavia! infection, discase and endemicity rales in urban and rural populations,

' T T !

J ! INFECTION : DnseAsE: : EMDERICETY t
Terrain. el:fa‘;:iir’::; - ! Rate R ! Rateh&u :* Rate “

: t , : i i y

_' _. Number :: per cent. | Number, [ per cent. | Number. | per cent.
Urbap. | 4946 [ 331 © 668 [ g2 ! 11.38 o2 1741
Rural. 1 12,773 653 : 512 : 1,059 1 8.20 ! 87 ;o 12.73

S SRR IS e

Total a7 | ose i mos | neu | 900 | 109 1404

From Table VII, it would be noted that the infection is prevalent notonly in
the urban but also in the rural areas. Urbanisation of the rural areas would appear
to have an influence in higher endemicity rate as noted in Tkauna (26:27 per cent),
Payagpur {$0-1 per cent), Risia (3504 per cent) and Mibhinpurwa (32-8]1 per cent).
The municipal areas of Bahraich and the notified areas of Bhinga and Nanpara had
a higher endemicity rate which could be explained due to the greater prevalence of
favourable mosquito breeding sites for Culex fatigans, leading to greater quantum
of transmission.

ENTOMOLOGICAL OBSERVATIONS.

Random adult mosquito collections were made in different areas — urban as
well as rural—between 7-30 and 1100 am, The mosquitoes coliected were
identified and the female mosquitoes dissected. The following species of mosquitoes
were collected —

A. subpictus. C. fatigans.

A. fluviatilis. C. gelidus.

A pallidus. C. bitaeniorhynchus.
A, annularis. Aedes sp.

A. barbirostris, Armegeres sp.
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Culex fatigans was found to be uaniversally present, though more prevalent in
ihe urban than in the rural areas.

During the period August, 1957, to March, 1959, 12,281 mosquitoes (2,735
ancphelines and 9,546 culicines) were collected. Out of this, 1,882 anophelines and
4,890 culicines were dissected for filarial infection; only 411 culicines were found
infected with one or other stage of the developing larvae. Infective forms were
noted only in Culex fatigans, The results of dissection are set out in Table VIIL

Tasre VIII.
Results of mosquite dissection for filarial infection.

1 .
Mosquito | NumMbzR 1 Hea Trorax : AppoMEN 1

D

SDECIEE | Dise . I&nge Stage e Stage e Btage
dissected | req, [Positive. N s‘ﬂ‘ 53 A A s?f (tr o B
Anophelines. | 1.852 Nil § N[ Ny N N N ONiL] Nit ] N# ] ONi: Nil
Oulicines. | 4,600 ¢r | 28 | 23 Nil | 82 | &4 | Nil | 64 | 113 Nil| Nil

BREEDING PLACES.

The most common types of breeding places for Culex according to terrain were
as follows :—
1, Urbon :—Houses, drains, ablution water near the service type of latrines,
as also pits and pools.
2, Rural :~Soakage pits for sullage water, water collections from the cattle-
sheds, tanks and small ditches.
Due to the lack of proper drainage system, numerous breeding places were
present for round-the-year breeding of C. fatigans.
Culex fatigans was noted to breed in comparatively clean water collections as
weil

CLIMATE AND ENDEMICITY.

This area is moderately endemic for filariagis, the definition of *“‘moderate™
being according to Iyengar (1938). From the meteorological data, the degree of
¢ndemicity noted and the types of disease processes, it would appear that this area
fits in as an area with favourable climatic conditioris for filarial transmission as an
“intermediate’’ or 4-8 months according ¢o the classification of Acton and Rao
{1830

TERRAIN AND FILARIA,

As mentioned earlier, Bahraich has three topographical divisions :
{3) the basin of two big rivers ; Gogra and Rapti or Tarhar,

{2) the table land between these two big rivers or Uprahar, and
(3} the Tarai.
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As stated before, the tocal belief is that the Uprchar is free from filaria.
The infection, disease and enJemicity rates in these three divisions are analysed in
Table IX.

Tapre IX.

Filarial infection, disease and endemicity rates in the Uprahar, Tarhar and
Tarai vegions of Bahvaich District.

InFECTION: Diseass : "
Division. examined. ! Rate Rate, fate,
Nurnber, ; per cent. Number. pet cent. per cent.
Uprahar. 10,877 a2 | sy s | 88 12.83
Tarhar. 5,341 40 | 753 571 | 987 16.67
Tavai. 1,409 74 | 483 120 ;840 12.20
R M..i
Total 17,117 98 665 | LGN | 909 1404

It will be noted from Table IX that the local belief, that the Uprahar is free
from fitaria, is not supported. However, it would be seen from Table IX that the
infection rate in the Tarhar is greater than that in the Tarai. This can be due to
not only the relatively high sub-soil water but also the lesser degree of flushing and
dilution of breeding places as compared to what happens in the Tarai though with
a much higher water level than the Tarhar.

SUMMARY.

The physical fearures, climatic and socio-economic conditions, public health
problems, and the connected activities of Bahraich District are set out.

The results of filariasis surveys, carried out for the first time between August,
1957 and March, 1959, of 17,717 persons from urban and rural areas of different
age-groups and of both sexes, are set out. W. bancrofti was the only infection
prevalent, The infection rate was 5-65 per cent. An infant of 8 months of age was
positive for W. bancrofti. The average infestation rate was 331 M£./20 c.mm., the
maximum being 350 and the minimum of one microfilaria per positive slide,

The over-all disease rate was 9:09 per cent, consisting of elephantoid limbs,
genito-urinary lesions like hydrocele, filarial scrotum and chyluria, A child of one
year of age had a hydrocele (not congenital) of two months’ duration.

The infection was prevalent in both urban and rural areas. Culex fatigans was
the only vector for W, bancrofti.

Tu all these areas, numerous favourable breeding grounds existed for Culex
fatigans which bred in dirty as well as in some clean water collections. The
Jensity of C. fatigans was more in the urban than in the rural areas,

The difference in the infection and disease in males and females was studied.
In males the rates were significantly higher than in females.
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No significant difference was noted in the filarial endemicity of the urban or
the rural areas.

Amongst Hindus and Musiims, the filarial infection and disease rates were
nearly the same,

Filariasis is prevalent in all the three topographical divisions of the district
(Tevai, Tarhay and Uprahar). The infection rate, however, is higher In Tarher
than in the other areas. 'The probable reasons for the same are analysed.

The district is moderately endemic for filariasis and the length of favourable
period of transmission could be “intermediate’”, i.e., 4 ~8 months as defined by
Acton and Rao {1930).
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STUDIES ON THE INCIDENCE AND TRANSMISSION OF
FILARIASIS IN BHAGALPUR TOWN (BIHAR).

BY

B.K. VARMA,
N.L. DASS
AND

V.P. SINHA.
{Depariment of Health Sevvices, Bihar.)

TAugust 17, 1960.}

INTRODUCTION,

Stupies on the incidence and transmission of flariasis were carried out at
Bhagalpur Town during the period December, 19567, to December, 1958, under the
auspices of the National Filaria Control Programme (Raghavan, 1955). Bhagalpur,
situated at a latitude 26° 15" North and longitude 87° 0" East, is an ancient city and
includes Champa, the capital of Anga of Mahabharat fame. The Bhagalpur
Municipality has an area of 11:08 sq. miles and a population 1,15,075 according to
the 1931 census.

The town has a filtered water supply supported by tube-wells. It has a
natural system of drainpage. The drains are mostly kutcha and partly pucca and
have open surfaces. Nearly all the drains flow northwards into the River Ganges.

METEOROCLOGICAL CONDITIONS.

The temperature of the place varies from an average winimum of 11-7°C. in
January, the coldest month, to an average maximum of 37-6°C, in May, the hottest
month of the year (Graph 1),

The humidity varies considerably from 54-2 per zent in April to 814
per cent in September {Graph 1).

Except for the months of December and Janvary, the maximum temperatute
is above 267°C. throughout the year—a condition which tends to support the
transmission of filariasis during the ten remaining menths., During the months
of July, August and September the minimum temperature also remains at or above
26-7°C. and the associated humidity above 70 per cent makes these months most
favourable for maximum transmission of filariasis. The period February to June
is not so favourable for transmission of filariasis as the humidity is persistently below

the optimum of 60 per cent.
{185)
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The average annuai rainfals ss 183 mm. The monsoon wsually starts in June
and the rains reach the pesk in Yuly, with equitable distribution in August and
September (Graph 2).

MATERIALS AND METHODS.

To assess the extent of infecuon and disease among the inhabitants of the
town, thick blood smears (about 20 c.mm, from each person) were obtained at
random between 8-30 p.m. and 11-30 p.m. A clinical record of the persons thus
examined was mazintained. The blood sraears were stained with either Leishman
or J.5.B. stain on the following day after dzhaemoglobinisation and then examined
for the presence or absence of microfilaria under the microscope, The number of
wmicrofilaria in each smear was fnally counted and recorded,
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Further, to study the nature and degree of transmission, mosquitoes were
collected from fixed and random catching swtions which comprised human
dwellings, mixed dwellings and cattle-sheds. The mosquitoes thus collected were
identified, dissected and examined to know the vector species, its density and the
extent of infection in them,

RESULTS.

In course of the present survey, 3,645 persons, representing -7 per cent of the
population, were examined within the municipal area of Bhagalpur Town, The
results of the investigation are summarised in Table I and 11 and in Graph 3.
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Grarr 3
Age-wise incidence of flavial diseare and infaction.
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The examination of the data collected brings to light the following facts :—

The disease and Infection rates among the people residing in Bhagalpur Town
averaged 351 per cent and 21-4 per cent respectively, Further the clinical mani-
festation of the disease showed a rising incidence with age (Tuble I).

The types of the disease manifestations recorded during the survey, consisted
of swelling of the extremities—upper, lower, or both (temporary or permanent),
hydrocele, other genital manifestations (including elephantoid scrotum, epidimo-
orchitis etc.). Hydrocele formed the commonest manifestation among the males,
being present in 1,323 cases (77-1 per cent of males showing disease}. In females
the commonest symptom was the swelling of the lower limbs.
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The entomological sutvey revealed the presence of the following species of
mosquitoes in the area during the period of observation :—

Culex fatigans (Wied.)

Culex cornutus.

Anopheles annularis (Ven der Wulp).
Anopheles vagus (Donitz).

Anopheles subpictus,

Anopheles stephensi (Liston),
Armegeres obturbans (Waiker).

Aedes aegypit.

Of these, Culex fatigans was the abundant species frequenting the human
habitations. Domestic cesspools and stagnant drains with heavy organic pollution
were found to be the chief breeding places.

The density of Culex fatigans (Wied.) ranged from 23-4 per ten-man-hours to
392'7 per ten-man-hours duting the different months of the year {Graph 4).

The dissection of the mosgquitoes revealed that Culex fatigans (Wied.) carried
the natural infection of Microfilaria bancrafti in all its developmental stages. On
an average, 10-1 per cent of them showed the infection, the monthwise range being
from 5-2 per cent to 23-9 per cent {Table II). Similarly the infectivity, rate varied
from 2-2 per cent to 17-7 per cent. No other species of mosquitoes showed any
stage of the microfilaria,

DISCUSSION.

In the present investigation the authors noted that out of 4,865 males examin-
ed, 1,706 36-5 per cent) showed clinical signs, and 1,032 (221 per cent) the
microfilaria in blood, whereas for 1,960 females the corresponding figures were 622
{317 per cent) and 386 (19-6 per cent) respectively,

According to Meckenzie {1925) there was greater infection in men than in
women. T he greater incidence of clinical filariasis in men was reported also by
King et «f. {1929), who further observed that with increase of age the difference
narrowed down and past 40 years the incidence was the same in both the sexes.
Farooque and Qutubuddin (1946) found no predilection for either sex, which is
similar in the present findings.

Considering the age factor, the youngest persons to show microfilaria in blood
were hoys and girls of 2 years of age; also the disease was noted in the same
children. The disease in them was characteritged by lymphangitis and mild
transieat swellings of the limbs which exacerbated and reduced periodically.
Cause et al. (1945) found the youngest age with infection and disease as 2 and 1]
years respectively, both being males. According to them the incidence of disease
increased with age. Farooque and Qutubuddin (1946), King et al, (1929) and
Kanta et al. (1956) recorded similar findings.
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The present studies also confirmed the direct relationship of age and
«disease and the maximum incidence of disease was noted in the age-group 51 years
and above (Table I).

The filarial infection, as determined by blood examination, showed a rising
incidence with age upto 30 vears only and thereafter it was almost stationary
{Table 1). Kant et al. (1958) had made similar observations. Krishnaswami (1935)
reported progressive rise in infection rate up to 20 years and beyond that it was
more ot less constant.

‘The microfilaria infestation per 20 c.mm. of blood in positive persons ranged
from ! to 100. The average infestation per 20 c.mmm. of blood was 18-4 jn the
community examined. Considering agewise, it did pot show any relevance. It
varied from 15-1 to 22:8 per 20 c.mm. of blood (Table I). However, among the
adults, who formed the main source of infection (the infection rate ranging from
20 per cent to 28-2 per cent), it ranged from 17-2 to 22-5 per 20 ¢.mm., and so it is
a pointer to the magnitude of reservoir,

TRANSMISSION,

The maximum filarial infection and infectivity in Culex fatiguns {Wied.), the
only vector species recorded here, were observed during the month of July, follow-
ed by a minor drop in August and Septeraber. During the rest of the year these
were low {Table II}.

The seasonal variation in the maturity of the microfilaria in the body of the
mosquitoes was also studied by Acton and Sundar Rao (1927). They reported that
the development of the adult larvae took place in the shortest time during July,
August and September. Similarly Sunder Rao and Iyenger (1920} found that the
monsoon months—July to September--were the most favourable for the rapid
development of a large number of embryos of the Wuchereria bancrofti in the body
of Culex fatigans in the laboratery as well. They further found that during the
winter months, the development was very slow and in the dry months hardly any
development took place. Ray (1957) reported the maximum filarial infection in
Lulex fatigans duting *wet’ or ‘moist’ months and minimum during the ‘dry’ part of
the year,

The density of the vector, Culex fatigans, was at the peak during the period
December-March and thereafter it came down and was low during May-September,
the monsoon months (Graph 4). This also agrees with the reports of Ray (1957).
The reduced breeding, following heavy rains, may be ascribed to dilution of organic
matter and Bushing out drains. During dry season, though the extent of breeding
areas may be less, the absence of or infrequent rains and comparatively more rapid
evaporation of water would perhaps be the contributory factors for attaining the
degree of pollution required for Culex breeding (Ray, 19567).
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Lastly the geographical situation along the River Ganges may also contribute
to the preponderance of the disease in Bhagalpur Town. Acton and Sundar Rao
{1927) stressed this point and recorded the geographical distribution of the disease
along the sea-board of Bay of Bengal, the Indian Ocean and also along the course of
the River Ganges. They suggested that during wet months, with relatively high
humidity, the larvae will penetrate the skin more readily and the excessive moisture
occurring during monsoon in the sea-board areas and along the course of the great
rivers contribute a great deal to the high incidence of filariasis.

Thus it is evident that of the factors that determine the transmission of
filariasis, climate plays a vital role in the life-bistory of the vectors and infection
in them, Similar conclusion has been arrived at by Raghavan (1958) as well,

SUMMARY.

The disease rate in Bhagalpur Town was found to be #5-1 per cent and the
microfilarial infection rate, 21+4 per cent.

The average microfilarial infestation per 20 c.mm. of blood was 184
per cent.

The youngest age at which the blood was found positive was 2 years and at
the same age the external signs wers observed.

The disease incidence was found to bear direct relationship with age,

W. bancrofti was the species recorded and Culex faigans (Wied.) was the
vecton.

The bighest infection and infectivity of the vecior was observed during the
monsoon months.

‘The highest density of the vector, Culex jatigans, was noted during winter
months, i.e., relatively dry part of the year.
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RESULTS OBTAINED IN THE THIRD YEAR OF PILOT
STUDY OF MALARIA SURVEILLANCE MEASURES IN
MYSORE STATE, [ NDIA.

BY
H. SHAMA SASTRY.
{Bureau of Malariology, Mysore State, Bangalore.)

[$une 28, 1964.),

Tuz first two years' results of the pilot study carried out in Mysore State
have already been communicated (Patel et al., 1957 ; Shama Sastry and Narayana
Tyengar, 1959 ; Shama Sastry, 1960). The observations, continued during the
third year of the programme {October, 1958 to September, 1959), are presented
here, The entomological data, however, are furnished from 1956.1957 onwards. .
The data are set out area-wise on the same basis as in the previous communications

referred to above.

THE A. FLUVIATILIS AREA.

In erstwhile Mysore State, the areas selected for mainzenance work are of two
types. The first area, consisting of Shikaripur, Sorab, Sagar, Hosanagar and
Thirthahalli Taluks in Shimoga District, Saklespur Taluk of Hussan District and
Koppa and Sringeri Taluks of Chickmagalur District, was under complete sus-
pension of spraying. The results of the third year of the pilot study are described
in Part I of the present paper. The second area, consisting of Mudigere Taluk in
Chickmagalur District and Belur Taluk in Hassan District, was under one round
of spraying (October—November) till the year 1959, after which the spraying was
completely suspended as this area satisfied the criteria laid down for the total
suspension of spraying. The results of the pilot study, during the third year in
this area, are described in Part 1. The area of the past A. culicifacies malaria,
was also under one round of spraying (April—May) till the year 19568, after which
the spraying was totally suspended as the area satisfied the criteria laid down for
total suspension of spraying. The results obtained in this area during the third
year, form Part T].

The observations in North Kanara District where the vector in the past was
A. fluviatilis, now under complete suspension of spraying, are reported in
Part IV.

Results obtained in Coorg District and in the District Malaria Scheme area,

Puttur, in South Kanara District, are presented in Parts V and V1.
(195)
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PART 1

A, FLUVIATILIS AREA OF ERSTWHILE MYSORE STATE WHERE
SPRAYING WAS SUSPENDED.,

This area comprises eight Taluks, as already referred to, with a total popula-
tion of 4,03,971 (1951 census). All these eight taluks are covered by a net work
of Primary Health Units and modified Health Units. Each Primary Health Unit
is provided with two Health Inspectors and each modified Health Unit is provided
with one Health Inspector. Active surveillance work is being carried out by the
Health Inspectors of the Health Units. Surveillance Workers, specially appointed
for the purpose, supplement the active surveillance work in the areas not provided
with Health Units, Municipa! Towns and the areas with Health Units in dificult
terrain and with defective communications, Eighteen Surveillance Workers have
been allotted to work in this area in addition to 118 sanctioned posts of Health
Inspectors. Surveillance work is supervised by the Assistant Medical Officer of
Health at the Primary Health Unit level, and by the Medical Officer of Health whe
is in charge of the Secondary Centre, at the Taluk* level. The population of this
area is covered for surveillance in a period of 10 days during each fortnight. The
average poptlation covered on each day by a Junior Health Inspector or a
Surveillance Worker during the year was 323 as against 313 during the preceding
year. No vehicle was provided for surveillance work. The population to be
surveillanced by each workeris less than the targeted figure because the Health
inspectors of the Health Units have to attend to other Public Health activities and
general sanitation, etc., in addition to the surveillance work.

Table I furnishes the details of active malaria surveillance work from
October, 1958 to September, 1969, The population surveillanced during each
month ranged from 0-30 millon to 038 million as against 0-34 to 0-39 million
during the preceding year. This fluctuation, as already pointed out by Shama
Sastry and Narayanz Iyengar (1959 loc. cit.}, is due to :—

(§) vacancies among the sanctioned posts, (if) there being not encugh subs.
situtes to be posted for other urgent health work such as epidemic control or fair
sanitation duty and, (i#) frequent resignations of surveillance workers after brief
period of service. Out of the sanctioned posts of 118 Junior Health Inspectors
and 18 Surveillance Workers, the number working in any single round varied from
54 to 88 and 11 to 18 respectively. Provision was made for leave reserves in the
Health Units but the posts could not be filled due to dearth of suitably qualified
persons. The situation is under critical examination.

FEVER MOKBIDITY.

A total of 8,301 fever cases were investigated during the year under report,
a5 against a total of 10,322 fever cases investigated during the preceding year. The
average number of fever cases, per 1,000 population, ranged from 1:49 to 2.8 as
against the range of 1-66 to 3-23 during the preceding year.

"® Taluk means a Revenue Division of the District,
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Out of 8,301 fever cases investigated, a totaf of 8,084 cases have been analysed
age and sex-wise (Table II}. The number of fever cases in the age-group 0 to
4 years', forms about 1/7th of the total as in the preceding year.

BLOOD SMEAR EXAMINATION.

Blood smears were examined after staining with J.5.B. Stain. A smear was
declared negative only after examining at least 100 fields of thick smear in 3 10 §
minutes. The smears were examined at the laboratories attached to the Bureau
of Malariology, Bangalore ; Malaria Investigation Centre, Mandya ; Malaria Field
Station, Saklespur ; and the District Health Offices and Secondary Centres,

7,786 blood smears from fever cases were examined cduring the year, Three
smears were found to be positive, 2 for P. falciparum and one for P. vivax. Of
these, 2 cases were encountered in Koppa Taluk of Chickmagalur District and both
of them were reported as imported from South Kanara District which has come
under spraying since November, 1959, The third positive case was encountered
among {abour in Manigadde Estate of Saklespur Taluk in Hassan District and this
was reported to have been imported from South Arcot District, Madras State,
Pacticulars of parasite-positive cases are detailed in Table II, As against 8 parasite
positive cases encountered in the fever surveillance during the preceding year, 3
positive cases were encountered during the year under report also.

ENTOMOLOGICAL DATA,

‘Table [V shows the collection of all anophelines and vectors since October,
{956 to September, 1969. In Sagar area, the per man-hour density of all anophe-'
lines has gone down to 071 during the yeat under report as against the per-man-
hour density of 532 during the preceding year, The vector densities were as
follows :—

The per man-hour density of A. culicifacies rose from 0-005 to 0-025 in buman
dwellings-cum-mixed dwellings and from 0043 to 0:075 in cattie-sheds. The per
man-hour density of A. fluviatilis declined from 0003 in human dwellings-cum-
mixed dwellings and 0015 in cattle-sheds {preceding year) to 0-0007 and 0-011 in
human dwellings cum-mixed dwellings and cattle-sheds respectively during the
vear under report,

In Shikaripur area, the per man-hour density for all anophelines was 6-9.
A. culicifacics density was 0029 and 0:056 in human dwellings {including mixed
dwellings) and in cattle-sheds respectively. The per man-hour density for
A. fluviatilis was 0012 and 0-007 in human dwellings {including mixed dwelling)
and cattle-sheds respectively. So, there was a slight rise in the per man-hour
density of A. culicifacies, over what it was during the preceding year. As regards
the per man-hour denesity of A. fluviatilis, there was an increase from 0-001 to
0012 in human dwellings (including mixed dwellings} and » decline from 0:019 to
0.007 in cattle-sheds.
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Saklespur area {Table V).——There was a marked rige in all anopheline density
in the high-rainfall area over those of the preceding years, while there wasa
marked fall in the low-rainfall and intermediate-rainfall areas. During the year
under report, the per man-hour density of all anophelines has been 18-5, 17 and
5-1 jn the high, low and intermediate rainfall areas respectively. A. culicifacies
continued to appear in low densities, as during the preceding year, in cattlesheds.
While A. culicifucies was absent in human dwellings and mixed dwellings in the
precedings years, one A. culicifacies bas been collected in the human dwellings-
cum-mixed dwellings during the year under report. A, fluviatilis was available in
the low and intermediate rainfall areas as during the preceding year butin lower
densities than those during the preceding year, A. fluviatilis was completely abgent
during the year 1939 in the high-rainfall area, while they were collected in small
numbers during the preceding years,

PART 1L
A. FLUVIATILIS AREA OF ERSTWHILE MYSORE STATE,

{REDUCTION OF FREQUENCY OF SPRAYING TO ONE ROUND)}.

Mudigere Taluk of Chickmagalur District and Belur Taluk of Hassan District
were selected for reduction in the pumber of spraying rounds. One round of
spraying with 132 mg. dose per sq. ft., was carried out in October and November,
1958, in Mudigere Taluk and spraying was completely suspended in Belur Taluk
since the first round of 1959.60 {May - June, 19569) as this area satisfied the criteria
laid down for suspension of spraying. These taluks are also covered by a net work
of Primary and Secondary Health Units. The surveillance work was commenced
in these taluks in October, 19566, There are 16 Prmary and 3 Modified Health
Units in this area, with a sanctioned staff of 35 Junior Health Inspectorsand 5
Malaria Surveillance Workers. The total population of the two Taluks is 0-12
million {1951 census) and the average population surveillanced per day by each
worker was 478 as against 405 during the preceding year. The pattern of surveill-
ance hag been similar to the one described under Part I of this paper. Details of
Malaria Surveillance work carried out since October, 1958 to September, 1968, are
depicted in Table 1.

FEVER MORBIDITY.

A total of 2,193 fever cases were investigated during the vear, covering 2
population of 0-09 to 0-12 million during different rounds (Table VI). The average
number of fever cases, per 1,000 population, during the year ranged from 0-98 to
2-2 as against the average of 1.00 to 1-96 during the preceding year.

Age and sexwise details in respect of 6 cases were not available, The per-
centage of fever cases, in the age-group of ‘0-4 years’, forms about 1/6th of the
rotal cases investigated as against 1/9th during the preceding year.
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TasiE VL
Analysis of fever cases—Age and sexwise—Belur and Mudigere Tailuhs,
Percentage in Percentage of

; toup Total number . population
{Years). of fever cases. Male. Female. ::::?2;:: under each
' age-grougn.

0— 4 340 184 156 1555 133

5—14 403 250 163 1843 24.8

15 and sbove. 1,444 848 6566 6602 617

Total 2,187 1,322 865 .. ‘a

BLOCD 8MEAR EXAMINATION.

1,692 blood smeats from fever cases were examined. Of these, one smear
was found positive for mixed infection with P, vivax and P. malarize. 1,591 blood
smears were found negative for malaria parasites, During the preceding year,
1,670 blood smears were collected, examined and found negative for malaria
parasites,

ENTOMOLOGICAL DATA.

Table 1V depicts the collection of ali anophelines and vectors since October,
1956 o September, 1959. There is a decrease in all anopheline density from 48
and 6+14 in the preceding two years to 2:8 in the year under report, While the
density of A. fluviatilis in human dwellings-cum-mixed dwellings was 0-000¢ and
0007 during the preceding two years, it was 0.0 during the year under report. In
cattle-sheds, the per man-hour density for A. fluviatilis was 0.031 and 0-237 during
the preceding two years as compared te 0.05 during the year under report. There
was alse a decrease in the per man-hour density of A, culicifacies both in human
dwellings-cum-mixed dwellings and cattle-sheds. During the preceding twe
years, the density of A. culicifacies in human dweilings-cum-mixed dwellings was
1:006 and 0-008. During the year under report, it was 0-002, In cattle-sheds, the
A. culicifacies density during the year under report was 0.013 while it was 0-223
and 0.12 during the preceding 2 years.

PART 1.

THE PAST A. CULICIFACIES AREA OF ERSTWHILE MYSORE STATE,
{REDUCTION IN FREQUENCY OF SPRAYING TG ONE ROUND.)

In Krishnarajnagar Taluk of Mysore District, reduction to one round of

. gpraying was introduced during the year 1956, D.D.T. spraying was being carried

sut in this area at the rate of 112 mg. per sq. ft. during May—June. As this area

satisfied the criteria laid down for suspension of spraying, D.D.T. spraying, due
in May—June, 1959, was not carried out.
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Surveillance work was started in the area during October, 19566, by availing
of the services of the Health Unit staff. There are 7 Primary Health Units with a
Secondary Centre, and only one Senior Flealth Inspector is provided for each
Primary Health Unit. The pattern of surveillance in this area was confined to one
visit to all the villages during the month. No transport was provided. For a total
population of 0-107 million, in addition to 7 Health Inspectors. 2 Malaria Surveill-
ance Workers were posted during April, 1957. The average population covered
per day by a Senior Health Inspector or a Surveillance Worker came to about
1,600, However, the daily petformance per worker varied from unit to unit,
depending on the density of population and terrain. Details of the work carried
out are presented in Table I

FEVER MORBIDITY.

A total of 2,080 fever cases were investigated during the vear, The average
number of fever cases per 1,000 population varied from 0.26 to 5-0 during the year
under report, as against the average varying from (.22 to 1-23 during the preced-
ing year. There was a rise in the fever rate investigated during May to September,
in contrast to the recorded rise during October to February during the preceding

yeat,
ANALYSIS OF FEVER CASES--AGE AND S3EXWISE.
Table VII depicts the analysis of fever cases—age and sexwise.
Tasre VIL
Analysis of fever cases—Age and sexu ise.

. Percentage of
Percentage in ge of
Age~group Total number : population
{Years). l of fever cases. Male. Female. rel’“c‘;;‘e;? total under each
age-group.
0—4 581 316 262 2782 13:5
5—14 579 342 237 973 24.8
18 and above 978 487 441 44.45 81.7
Total 2,088 1,148 940

Data in respect of ane fever case were not readily available.

The percentage of fever cases in the age-group ‘0 - 4 years’, forms about 1/4th
of the total cases as against 1/6th and 1/5th during the preceding 2 years,

BLQOD SMEAR EXAMINATION.

1,027 blood smears from fever cases were collected and examined. Of
these, 1,824 blood smears were found negative for malaria parasites and 3 blood
smears were found positive for P.wvivax infection. Of these three cases, the
whereabouts of one are not known. The other case gave history of movement, and
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the third case was sporadic. Investigations revealed that there was no local trags-
tission.

Apart from these 3 positive cases, one more case with P. vivax infection was
found in a blood smear collected at random. This case was reported as sporadic.

ENTOMOLOGICAL DATA.

A. culicifacies appeared in low densities during 1956-57, and during 10567-58
there was a decline from 0-006 to 0-004, and there was a further decline from 0-004
1o 0.002 in human dwellings-cum-mixed dwellings during the year under report.
In cattle-sheds, it declined from 0-034 in 1956-57 to 0-004 in 1957-58 but there was
» slight rise during the year under report, i.e., the density was 0-015. A. fluviatilis.
which was absent during the preceding two years, appeared in low densities,
i,e.,0-006 and 0-023 in human dwellings-cum-mixed dwellings and cattle-sheds,
respectively, during the year under report (Table IV).

Part IV.

NORTH KANARA DISTRICT.
1A, FLUVIATILIS AREA, SPRAYING SUSPENDED, POPULATION 0.31 MILLION).

After completion of spraying for the tenth year in succession, D.D.T.-spray-
g was suspended in North Kanara District in June, 1956. An organisation
was simultaneously started to study the effects of suspension of spraying. D.D.T.-
spraying with 112 mg, per sq. ft., is, however, being carried out once in the hypo-
endemic villages in the coastal beit and twice in the villages situated in 10 mile
belt adjacent to Goa border in Supa and Karwar taluks and in the Dandeli mining
area, covering a total population of about a lakh, so as 0 create a “CORDON
SANITAIRE”,

Since August, 1988, a comprehensive surveillance programme has been taken up
in the villages of North Kanara District, Surveillance work up to December, 1958,
was restricted to the malaria transmission season. Since December, 1958, onwards,
surveillance work has been re-organised in the entire district. Forty surveillance
workers, sanctioned for the purpose, with 12 permanent Havildars (superior field
workers) of the National Malaria Eradication Unit, trained in surveillance work,
were detailed for malaria surveillance wotk in the entire district throughout the
year instead of only during the malaria season,

The entire population of North Kanara District was divided into 48 surveiil-
ance divisions, each in charge of a surveillance workers, with a population of about
10,000, depending on density of population and communications. Kanara West
Division, with a population of 3,28,906, wis divided into 25 divisions and Kanara
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East Division, with a2 population of 1,838,874, was divided into 23 divisions. In
each division, 2 malaria surveillance workers were kept as reserve, The two
Malaria Inspectors of the West and the two of the East Division supervised the
surveillance work under the overall supervision of the Medicat Officer of Health of
the respective divisons, assisted by the Assistant Medical Officer of Health. The
details of work carried out are presented in Table I. The pattern of malaria
surveillance was as follows :—

(a} Only one visit was paid to cach of the houses in the area during the
month,

{b) the staff on malaria surveillance duty belonged to malaria organisation,

{c) transport was not provided to surveillance workers, Each worker resided
in a centrally sitvated headquarter village, covering the villages allotted
to him on foot or by bicycle,

{d) surveillance work was separated from the general public health work.

FEVER MORBIDITY.

7,024 fever cases were investigated during the vear under report. The
number of fever cases per 1,000 population surveillanced ranged from 1-20 to 2:48.
as against the average range of 0-81 to 3-62 during the previous year. An analysis
of the fever cases investigated, is depicted in Table VHI.

TaeLe VIII,
Analysis of fever cases investigated—Age and sexwise.

Percentage
Total number Pexcentage
Agye;group of fever cases Male. Female. in relation oiggg;ﬂeaatlc%n
(Years). investigated. to total.
‘ age-grovup.
o 4 902 o8 ey 19-47 156
14 1,922 1,168 kil 28.73 244
15 and above 3,568 2,574 1,204 57.80 817
- Total 6,692 4,218 o474

Age and sexwise details in respect of 832 fever cases were not readily available,
It can be made out that the number of fever cases in the age-group ‘0 -4 years’,
forms about 1/7th of the total and the incidence of fever is comparatively lower
among females, as during the previous year.

BLOQOD SMEAR EXAMINATION.

Qut of 7,354 blood smears collected from fever cases and. examined, 7,350
blood smears were found negative for malaria parasites and 4 were found positive ;
3 for P. vivax and I for P. falciparum (hght) infection. On investigation it was
found that 8 of these positives were sporadic cases, and one was imported. All the
four positive cases were treated with scheduled doses of 4 and 8-aminoguinolines.
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ENTOMOLOGICAL DATA.

Touring the year under report, only 4 A. fluviatilis in human dwellings-cum-
mixed dwellings and 14 A. fluviatilis in cattle-sheds were collected, the per man-

hour density being 0-0007 and 0-004 respectively (Table IV).

Part V.,
COQORG DISTRICT.
(A, FLUVIATILIS AREA, SPRAYING SUSPENDED, POPULATION 0.2 MILLION})-

Majaria surveillance work in Coorg Dstrict was started with effect from
July, 1957, with the assistance of Health Inspectors and Health Sub-Inspectors.
General health work was integrated with malaria work. There are 8 sanctioned
posts of Health Inspectors and 8 posts of Health Sub-Inspectors, each of whom
is assigned a population of 10,000 on an average and is required to visit the assigned
population once during the month in 20 work-days. A population of 30,000,
cancentrated around dispensaries and hospitals, is excluded from malaria
surveillance work. In addition to 8 Health Inspectors and 8 Health Sub-Inspectors,
eight malaria Surveillance Workers were on malaria surveillance work exclusively.
Table ] furpishes the details of malaria surveillance work since October, 1958, to
September, 1869,

FEVER MORBIDITY.

A total of 5,257 fever cases were investigeted during the period. The average
aumber of fever cases per 1,000 population varied from 1-0 to 41 as against 11 to
308 during the previous year, The incidence of fever was mazimum during the
month of September, 1959. An analysis of the fever cases investigated, is depicted

in Fable IX.
Tasee IX.

Analysis of fever cases investigated— Age and sexwise.

' . Percentage of

Percentage in >
Age-group Total number . population
(Years) of fever cases. Male. Female. ::::}?:aet: under each
ke age-group.

80— 4 706 371 335 15+32 135

514 1,220 639 561 28.46 24.8

15 and above, 2,084 1,536 1,088 58-22 61.7
Total 4,610 2,616 i 1,904

Age and sexwise data in respect of 647 fever cases were not readily available, °
The aumber of fever cases in the age group ‘0 - 4 years’, forms about 1/7th of the
total, and the incidence of fever among females was less than that among males, as

in the case of other areas,
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BLOOD SMEAR EXAMINATION.

Out of 4,134 blood smears collected from fever cases and examined, 5§ were
found positive ; 36 for P. vivax, 13 for P. fulciparum, 8 for mixed infection.

Apart from these, #4 blood smears were found pasitive (35 for P. vivex, 13
tor P. falciparum, 5 for P. malaria and 1} for mixed infection} among the blood
sinears collected at random in the infected ateas. All ihese positive cases were
traced to Yerwars {Nomadic tribal people without a permanent abode) who had
come to Hve in villages and the forest labour camps,

With a view to eradicating the source of infection, spraying has been resumed
in the infected ateas of the Srimangala and Gonikoppal divisions and the positive
cases are being treated with 4 and 8-aminoquinolines,*

ENTOMOLOGICAL DATA.

Si1x A. fuviatilis in human dwellings-cum-mixed dwellings and 19 A. fluviatilis
in cattle-sheds were collected during the year, giving a per man-hour density of 0-01.
and 0-05 respectively (Table IV),

Part VI,
PUTTUR, 50UTH KANARA DISTRICT.

The South Kanara District Malaria Scheme area, Puttur, comprises a popula-
tion of 0-23 millions, living in the foot-hill areas and adjacent plains on the western
slopes of the western ghats, This is the A. fluviatilis and A. culicifacies area, with
transmission season extending from December to May. The surveillance work was
started during the momth of September, 1957, The staff consisted of 6 Health
Inspectors, 26 Field Assistants, one Assistant Entomologist and 2 Laboratory
Assistants under a Malaria Health Officer. Each of the Field Assistants was assign--
ed a population of 10,000. He visited each house once a month., No transport
was provided. Out of the 26 Field Assistants, 23 were detailed for surveillance -
work and 3 for entomological work. The work of every batch of 4 Field Assistants
was supervised by one Health Inspector, and the entomological work of Field Assis- .
tants was supervised by the Assistant Entomologist by actual random test collection
in the villages. The blood smears were examined at the Laboratory attached to the
Health Office, Puttur, and test checks made at the Central Laboratory, Bangalore.
The details of malaria surveillance work in the Puttur area are depicted in Table L.

FEVER MORBIDITY.

A total of 3,966 fever cases were investigated. The average number of cases
per 1,000 population surveillanced ranged from 1-2to 187 during the different
months, as against the average of 1-22 to 3-17 during the preceding year. The
incidence was maximurm during the month of June, 1859,

An apalysis of the fever cases investigated, is depicted in Table X,

* See Aiapm: MJT. (1961) Iﬂdo !Qllfo Mal.; 15. 1, PP 1-10, ~Editor.
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TA}JLE xn
Analysis of fever cases investigated— Age and sexwise,
i i Percentage of
Total number ' Percentage in age
Aggaroup of fever cases | Male. | Female. | selationto | POPUlation
investigated. | total. age-group.
0—4 ) 301 i1 | e 7.59 135
5— 14 1,242 8l4 ;428 31.32 2448
15 and above 2,428 L63¢ : T80 8109 61.7
Total 8,966 2509 | 1,387

The number of fever cases in the age~-group ‘0 - 4 years’, formed about 1/12th
o ibe total, and the incidence of fever was low among females than males.

BLOOD SMEAR EXAMINATION.

Qut of 3,946 blood smears examined, none was found positive for malaria
parasites. During the preceding year, 4,993 blood smears were collected and
examined. Out of these, one was found positive for P. vivax, and the rest were
found negative for malaria parasites.

ENTOMOLOGICAL DATA.

These are presented in Table IV. No specimen of A, fluviatilis was collected
during the year as well as during the preceding 2 years, 1l specimens of A. culici~
facies in human dwellings-cum-mixed dwellings and 44 A. culicifacies in cattle-sheds
were collected. The per man-hour density in these two types of shelters worked
out to 001 and 0-07 respectively.

DISCUSSION AND CONCLUSION.

Malaria surveillance was continued in several areas of the Mysore State on the
same patterns as described by Sharma Sastry and Narayana Iyengar (1959 loc. cit.),
except in North Kanara District. In North Kavara District, however, the pattern
of surveillance was changed over to one of monthly visits throughout the year in the
entire district since December, 1958, instead of seasonal surveillance in the rice and
garden tracts during the transmission season,

In Tirthahalli, Hosanagar, Sagar, Sorab and Shikaripur taluks of Shimoga
District ; Koppa and Sringeri taluks of Chickmagalur District and in Sakalespur
Taluk of Hassan District where spraying has been completely withdrawn, surveill-
ance work was carried out through fortnightly visits to every house in the area,
(Genera} public health work and malaria surveillance work were integrated in this
area,

In Mudigere and Belur taluks of Chickmagalur and Hassan districts respect-
wely, where spraying rounds were reduced to one round in the vear (In Belur
Taluk, the one round due in May-June, 1969, was not carried out as this area
satisfied the criteria laid down for suspension of spraying). fortnightly visits were
paid by the staff ; and the public health work and malaria surveillance work were
integrated in this area.
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In Krishnarajnagar Taluk of Mysore District, where one round of spraying
was carried out annually, the spraying due in May-June, 1459, was not carried out
as this area satisfied the criteria laid down for suspension of spraying. In this area
also, the general public health work and malaria surveillance work were integrated
and houses were visited once every month,

In Coorg District, where spraying hes been suspended, the general public
health work and malaria surveillance work were integrated and houses were
visited once every month.

In North Kanara District, seasonal surveillance during the transmission
season in the rice and garden tracts was changed over to one visit during the
month to every house all through the year in the entire district.

In the District Malaria Scheme area of South Kanara District, the surveillance
staff belonged exclusively to malaria organisation and houses were visited once
a month,

FEVER MORBIDITY.

There was an increase in the number of fever cases investigated over that of
the preceding year in all the areas except in areas Numbers 1 and 6, ie., the
A. fluviatilis area of erstwhile Mysore where spraying has been suspended and the
District Malaria Scheme area, Puttur, where the number of fever cases investigated
recorded a decline from what it was during the preceding year ( vide Table XI
depicting “Summary of the Epidemiological Surveillance data™ ).

In the A. fluviatilis area of erstwhile Mysore, i.e., in areas Numbers 1 and 2,
where cach house was visited twice every month, the average number of fever cases
per 1,000 population surveillanced ranged from 1.49 to 2-9 and 098 to 2.2
respectively. In the A, culicifacies area (Area Number 3), where each house was
visited once a month, the average ranged from 025 to 50, Except during the
months of August and September, 1959, when the average worked out to 47 and
5-0 respectively, the averages ranged from 0+25 to 2-4 during the other months in
this area. During the preceding two years, the averages in the A. culicifacies area
were comparatively less than those obtaining in the A. fluviatilis area where two
visits to each house in a month were scheduled (vide Table XI).

In North Kanara District (Area Number 4), where each house was visited
only once every month, the average number of fever cases per 1,000 population
surveillanced ranged from 129 to 2:46 as against the range of -82 to 3-2 during
the first year and 091 to 3-62 during the second year. During the first year and
first half of the second year, each house was visited twice every month. During
the year under report, as previously described, the entire district was covered all
through the year with one visit a month, to each house, instead of seasonal
surveillance alternately in the rice and garden tracts with two visits a month to
zach house.

Tn Coorg District and the District Malaria Scheme ares, Puttur, where each
house was visited only once every month, the averages ranged from 1-9 10 41 and
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{+2 1o 1.87 respectively. While in the former there was an increase over that of
the preceding year in the number of fever cases investigated, in the latter there was
decrease in the number of cases investigated from that of the preceding year.

The epidemiological surveillance data from the different areas is summarised
in Table XI. It is observed that the performance of the surveillance staff was
sunproved over the preceding years. A certain portion of the population siill
remained uncovered during some of the visits. The reasons of such deficiencies
appear to be mainly administrative and are being attended to.

EXAMINATION OF BLOOD SMEARS.

As many as 26,839 blood smears from fever cases were examined during the
year for a total population of 154 million {1051 census). Details of these blood
smears, collected from areas which were visited twice a month or once a month,
are given in Table XTI,

TasLz XIl.
Detaifs of blood smears,

| Estimated number of
. Population Number of blood 4 e
Pattern of surveillance. tin miltions.} smears collected. i alides pall; trg::l'mn
Each house visited twice 052 9,478 ' 19,227
A month. l
HZach house visited once 1.02 7381 : 17,020
2 month, .
Total 1.54 ! 26,389 |

There appears to be no difference in the number of slides coliccted in the
rwo areas with monthly and bimonthly visits.

POSITIVE BLOOD SMEARS.

The positive blood smears, encountered in the several areas visited, were
investigated and the findings are depicted in Table XIIL

It can be seen from the data contained in Table XITI, that the number of
positives, encountered during the year under report, did not increase over that of
the preceding years except in Coorg District where the number of positives has
increased over that of the preceding year and this has occurred in a localised area.
The infection has still been lurking among the tribal population (Yerwars). Action
has been taken to eradicate the infection by resumption of spraying in the affected
areas and also by treating the positives radically. The investigation of these cases
has been communicated elsewhere separately®. Some sporadic cases have occurred
ia the A. fluviatilis area where spraying rounds have been reduced, and also in the
A. culicifacies area where spraying rounds have been reduced. But for these
vccutrences, positive cases tend to dwindle gradually.

* Sap Aiappa, M. T. (1981) Ind. Jour. Mal., 15, 1, pp, 110 —Editor,
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Tasce XIIL
Findings in regard to the positive blood semears.

i
: TairDp YEAR
, Fiper YEAR- SECOND YRAR, (UNDER REPORT).
Ares, e et e s ; D e i
. Surveillance | Random | Surveillance | Randem | Surveillance | Random
BIMESAre. SEtears, Emears. sMesrs. ,I Smears. Smears.

L A fluviatilis area | 4 2 3% 3 3 ..
where sprayving ; *(2 with  [}(2 import-{All imported).
was completely bistory of | ed, 1 with;
withdeawn. movement). | history of |

move- |
: rent}). |

2. A. Huviatilis ares Nil Nil Nit Nii | 1 {Sporadic)-
where spraying : t
wis reduced to : i
one round in the :
veat, ; !

3. A, culicifaciesaren | Ni Nit Nil Ni 3+ 1
where spraying ! *{Whereabouts {sporadic)
was reduced to i of one case
one round = " are not koown.
yesr. * Ope case is

i with history
. of movement.
Source of in«
fection of the
34 cane could
¢ - not be estals
i lished].
4. North Kanara .8 Nil 6 Nit . 488
District, 1 {8 imported, §(8 imported, §8{1 imported,
| 3 sporadic). 3 sporadic}. 3 sporadic).|
5, Coorg District. | Nil Nil 14 Nit 55 G4
i ; {Local prob-
i f lems).

8, The District i il Nil 1 Nit ¢ Nil Nit
Walaria Scheme | { !
area, Putur. ‘ : :

The analysis of fever cases, age and sexwise, shows that incidence of fever
cases among the age-group ‘0-4 years’ formed about 1/6th to I/7th of the total cases
in the areas described under Parts I, IE, IV and V of this paper, while it formed
1/3rd of the total in the areas mentioned in Part I, and about 1/12th of the total
in the area mentioned in Part VI of this paper. The incidence of fever cases among
females has been less than that among males in all the area.

DRUG DISTRIBUFTTON.

4-amino-guinoline tabiets { Aviochlor and Resochin tableis) were distributed
to fever cases in the areas surveillanced twice a month, and in the areas surveillanced
once a month, Details in regard to distribution of the tablets, are contained in
Table XIV.

There appeats to be not much difference in the quantity of the anti-malaria
drug used, per million population, in the two areas.
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TasLy XIV.
Details in regard to dstribution of the 4-amina-guinoline tablets,
' o v
I , » t ar?i:?-gf;;}éli‘.‘ne i Esti?atvﬁ:l aumber
Pattern of ! Population {in . Number of fever | s of pills, per
surveillance, : millions). " cases investigated. tablet: dt{::rr;?uted f million
: "CM population.
Fach house visitec-iw ! 052 - 10,494 - I 33,087 { 03,628
twice & month I‘ : ; i
Each house visited | 1402 g 18,386 I 57,638 ; 56,409
ance a month ! i t '
- e} SO o e [
Total 154 i 28,580 I 80,625 !

ENTOMOLOGICAL DATA

Tn general, there was a gradual build-up of the anopheline density though the
density of the carrier species was still far below the assumed critical density.

SUMMARY.

The surveillance programme, already described, was continued during the
third year {QOctober, 1058, to September, 1958). 20,330 fever cases were encountered
in all the areas, out of which 88 cases were found microscopically positive. In
addition, 65 positive cases were encountered during the other surveys. Epidemio-
logical investigations of these cases showed that, 4 were imported, 4 were sporadic,
and in respect of 4 full investigations could not be made. The remaining 119 cases
were among & particular section of the population {Yerwars—a tribal population),
iving in the interior forest areas confined to south-eastern portion of the Coorg
District. The investigation of these cases has been communicated separately®.

The observations of the pilot study are continued. The organisation of
suyrveillance has been reviewed and the lacunae have been discussed, The attempts,
o overcome the lacupae, have been mentioned.

Experiences, gained during the three years of the pilot surveillance studies,
have been made use of in organising the malaria surveillance since April 1, 1980,
4]l through the State, comptising an esiimated population of 22-5 mill:ons.
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A NOTE ON THE RESULTS OF SURVEILLANCE PRO-
GRAMME IN SAKALESPUR TALUK¥*, HASSAN DISTRICT,
MYSORE STATE, BETWEEI;IQ(%CTOBER, 1956 -FEBRUARY,

BY
N.L. SITARAMAN,
C. ACHUTHAN,
SETHURAMA RAO,

AR, SUNDER RAO
iMalaria Investigation Centre, Mandya, Mysore State.)
AND
H. SHAMA SASTRY.

{Buveau of Malariology, Mysore State, Bangalore.)
{Tanuary 4, 1963.]

INTRODUCTION.

8ararespUR TaLox in Hassan District, Mysore State, was one of the areas
selected in 1946 for preliminary observations in large-scale malaria control measures
by the use of residual insecticides like DDT. Prior to the introduction of residual
insecticidal spraying in 1946, the whole of Bakalespur Taluk was highly malarious,
with spleen rates above 60-0 per cent. The percentage of malaria cases treated in
several dispensaries was more than 40-0 per cent. Malaria control by the use of
residual insecticides was started in November, 1946, in 40 villages of Sakalespur
Taluk. Early in 1849, the Government sanctioned a scheme for opening a Malaria
Investigation Centre. A Secondary Health Centre at Sakalespur, with seven Primary
Centres, was also sanctioned to provide integrated curative and preventive setvices
to a population of 38,750 (194] Clensus).

During 1949, although the benefit of malaria control measures was extended
to the entire Secondary Centre area, there were still certain *pocket’ areas which
rerained un-protected. With the implementation of the Natifmai Malqria Control
Programme in November, 19563, these ‘ pocket’ areas were als:o included inthe spray-
ing programme. The criteriat for interruption of spraying were fulfilled in the
*Taluk ; Each district is divided into taluks or ‘tahsiis. for the purpose of revenue afdnﬁniatration.

Committes of Malariologists appointed by the Government of India, in 1056, adopted
the following criteria for interruption of spraying :—
y Childhood spleen rate is less than & per cent,
{2) Childbood parasite rute is less than I per cent, and

(3) Infant parasite rate is zero,
for a sonsecutive period of two years.

(221)
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entire Taluk in 1966, Residual insecticidal treatment was withdrawn with effect

from November, 1968, after establishing a surveillance organisation during
October, 1056,

Patel et al. (19587) have described one year’s results of surveillance work in
North Kanara District, a typical A. fluviatilis area, which was part of Bombay State
before the Reorganisation of States in Movember, 1956, Shama Sastry and Iyengar
{1959) reported the results of a pilot study of malaria surveillance measures
carried out in Mysore State between October, 1956—-September, 1867. This paper
presents the results of surveillance work carried out in Sakalespur Taluk of Hassan -
District, Mysore State, between October, 1956-~February, 1960,

EPIDEMIOLOGY OF MALARIA IN SAKALESPUR TALUK.

‘The Taluk {Map 1) is a typical example of an area where malaria was trans-
mitted by A. fluviatilis. Out of the 24 species of anophelines which bad been
recorded prior to 1946, only A. fluviatilis had been incriminated as the vector
{(Nursing et al., 1934). The available information before 1948 indicated that no
part of the year was climatologically uafavourable for malaria transmission. But
the actual seasons of transmission were determined mainly by the opportunities for
continuous breeding of the vector species, A. fluvigtilis, which, in turn, was
influenced by topography and rainfall.

The taluk consists of three distinct zones with remarkable variations in rain-
{all. The western zone or the Ghat* Region consists of dense forests, steep and
rugged valleys, the average annual rainfall extending up to 200 inches. There are
a number of perennial streams, which, from November to May, afford ideal breed-
ng places for A. fluviatilis. In this zone, no breeding of A. fluviatilis occurred
during the monsoon months {June-October) because of the heavy precipitation,
The eastern zone consists of gently rolling plains with a low range of hills, There.
iz an abrupt diminution in rainfall to about 45 inches per annum, Aitbough there
are no perennial streams in the area, A. fluviatilis continued to breed throughout
the year in the streams during the early and later parts of the monsoon and in
the irrigation channels, taking off from tanks, during the monsoon. Between the
western and eastern zones, there is an intermediate rainfall area with characteristics
of both zones. Annual rainfall is about 85 inches. There are a few perennial
streams and breeding of A. fluviatilis i3 confined to pre- and post-monsoon months,

The spleen rates during April and October, 1848, were 82-4 and 57-5 per cent
respectively, Data regarding infant and childhood parasite rates for 1946 are not
available. But in 1948, the infant parasite rate wae 3:7 per cent.

During 1850-1968, detailed parasitological and entomological studies were
conducted in three unsprayed ‘pocket’ areas in Sakalespur Taluk., These ‘pockets’
were surrounded by sprayed areas and exhibited low-to-moderate endericity for
malaria. All the three species of human plasmodia were present, though the
* Ghat=Hilly. ' .
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overal! parasite rate was very low. The childhood parasite rate varied from -6 to
48 per cent and the infant parasite rate was zero. Although a large number of
A, Auviatilis and A, culicifacies were dissected, no naturally infected specimens were
sncountered. ‘The malario-metric indices indicated that there was a recession of
malariz even in these three unsprayed ‘pocket’ areas. It is possible that several
factors contributed for this recession even in the absence of any specific malaria
control measures, the most important being the protection of adjavent areas by
DDT-spraying, better medical facilities due to the starting of Health Units, and
improved zconomic conditions.

Some interesting observations were also made on the habits of A. fluviatilis in
the area. The bulk of A. flurviatilis were collected in the cattle-shecs and mixed
Jdwellings, with a small fraction in human dwellings. The anthropophilic index of
the species was only 83 per cent. It i3 possible that, due to the recession of
malaria in the area, the anthropophilic popuiation of A. fluviatilis was on the decline
and the zoophilic proportion on the increzse (Brooke Worth and Sitaraman, 1952 ;
Bhombore ot al., 1956).

RESULTS OF MALARIA CONTROL.

As stated carlier, malaria control measures which were started on an experi-
mentai basis in 1946 in 40 villages in the taluk, were gradually extended to cover
the entire Secondary Centre area by 1949, The number of malaria cases treated in
the dispensaries came down from 20,983 in 1916 to 1,865 in 1953, i.c., from 201
per cent to 57 per cent of the total cases treated. The spleen rate, which was
32:4 ver cent in 1946, had fallen to 30-9 per cent in 1949 and thereafter there was a
mogressive decline. In 1953 when the National Malaria Control Programmme was
wnstituied, the spleen rate had come down to 3-4 per cent, No figures are available
regarding the infant and childhood parasite rates between 1949 and 1953, Between
1954-1956, 985 infant blood smears, examined from the Health Unit area, were
aegative for malaria parasites. Similarly 713 infant blood smears from the three
“pocket’ areas, which came under spray with effect from 1963, were negative for
malatia parasites. Though the childhocd parasite rates are not available for this
period, but since the spleen rate was less than 5-0 per cent and the infant parasite
rates were also nil for the same period, it is permissible to presume that the child-
hood parasite rate would have been well below one per cent.

There were also very significant changes in the demographic indices. Birth
rate, which was 22:5 in 1946, rose to 81'6 in 1953 ; death rate, which was 217 in
10486, declined to 12:1 in 1853, The infant and maternal mortality rates, which
were respectively 1581 and 40-9 in 1946, had declined to 103:1 and 90 by 1953,
Population of the Secondary Centre area which was 33,750 in 1941, had risen to
15,020 by 1951,

The implementation of the National Malaria Control Programme in 1953
yielded more rapid results, and by 1955 the malario-metric indices in the entire
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Secondary Centre area and the three ‘pocket’ areas indicated that all the criteria
taid down for interruption of spraying were fully satisfied.

The effect of this large-scale insecticidal spraying on anopheline densities in
general, and on vector species in particular, has been remarkable. A. culicifacies
and A. fluviatilis completely disappeared from human and mixed dwellings, the few
specimens collected being entirely from cattle-sheds. There has been a corres-
ponding decline in the other anopheline densities also. Table I furnishes details of
entomological data in the ‘pocket’ areas before and after DT spraying and after
interruption of spraying.

SURVEILLANCE ORGANISATION.

When interruption of spraying was recommended in 1955, the setting up of a
surveillance organisation was contemplated. On account of the existence of a net-
work of Primary Health Units in the ares, it was ecasily possible to mobilize the
available staff and integrate surveillance work with the Health Unit activities. There
are eight Primary Health Units in the Taluk, each Unit haviog a population vary-
ing from 3,000 to 6,000 and divided inte two convenient divisions based on terrain
and population (Map 1). Each of these two Divisions is provided with a Junior
Health Inspector, wheo is required to visit all the villages in his respective division
once during the month to collect and verify vital statistics and to attend to other
heaith activities. The visits of these Inspectors to villages in their jurisdiction were
utilised, with advantage, for surveillance work also. For the *pocket’ areas, with a
population of 3,500, not covered by the Health Units, three Surveillance workers
were appointed. Sakalespur Town, with a population of 5,578, was also included
in the Surveillance Programme. Thus the total population, allotted for surveillance,
works out 1o 54,107, comprising a population of 45,029 from the Secondary Health
Centre area, 3,500 from the ‘pocket’ areas and 5,578 from the town.

The sanctioned staff consists of 18 Health Inspectors and 3 Surveillance
workers. But, at no time the full complement of the sanctioned staff was working
and the number actually on duty varied from 9 to 15 Health Inspectors and ¢ to 3
" Surveillance Workers. This has naturaily resulted in the entire population allotted
not being covered completely during both the rounds in any month, However, in
some months it has actually been possible to cover the entire allotted population
at least once in the month.

RESULTS OF SURVEILLANCE WORK.

Surveiilance Programme has been implemented since October, 1866, and the
results achieved are set out in Tables IT, II1and IV, In Table II, are presented
the per cent population surveillanced, number of blood smears collected and
examined and the fever cases per mille, Full details of the parasite positives,
encountered during the surveillance programme, are presented in Table 11I, while
Table IV depicts the annual averages, viz., percentage population actually surveyed,
fever case rate per mille and the average population surveyed by an individual
worker.
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Tasee IV.
Annual averages of surveillance work in Sakalespur area.

1 T 1
Percentage of | ! Numberof | Average population

Yeor. I pOpplat%on _ Fe:rermcs!s:s : parasite- surveillanced by

: surveillanced. P © ' positive cases. ! each Workerf.
los FromOcoberk | 0681 g1 L oeemn | b
i { 007 i X ; J0iL
1958 052 i 3.5 [ o188 o 3,839
1959 98.7 i 30 ¢ 1 {2,303)* ; 3,588
1980 (Up to March). 5.5 ! 3.2 ¢ o ey~ | 4,016

_ 4T 'he average ie based on the actual population. surveillanced by each individual workey in one
fortnight and not on the sllotted average, since the number of wotkers actuully engaged in
surveillance work varied somewhat from month to month and since the full complement of the
sanctioned staff were not working during any month.

*Figures in brackets denote the number of blood smears collected.

FEVER MORBIDITY AND THE BLOOD SMEARS EXAMINED.

During the last three months of 1856 [Table II), 548 fever cases were investi-
gated and none of them proved positive for malaria parasites. The fever rate per
1,000 population surveyed worked out to §7. During 1957, 3,030 fever cases weze
detected, out of which 8 had malaria parasitzs in their blood, Detailed investiga-
tions about these three cases are presented in Table ITI. It will be seen that all
the three cases gave histories of movement and migration into the area from out-
side. None of the cases was indigenous, The fever rate per mille in 19587 was
again 5-7. In 1968, out of 2,138 fever cases investigated none proved to be positive
for malaria parasites. The incidence of fever cases was generally lower than in
1957 and the rate per mille was 3-5. During the year 1969, out of 2,363 cases
investigated, one proved to be positive for malaria parasites. The individual gave a
history of migration from South Arcot in Madras State, The fever rate per mille was
3.8. During the year 1940, s0 far no parasite positive cases have been encountered,

From the fever rates during 1957-1959, it will be observed that, though
there is no particular trend, the first half of the year generally shows a higher rate
than the second half. The monthly incidence of fever cases has ranged from 2.8
to 88 per 1,000 population surveyed, while the annual averages vary from 32 to
57, The four parasite positive cases were recorded during April, June, July,
and August, at a time when no A, fluviatilis was collected from the respective
villages. Even otherwise, if these had been the indigenous cases, there should have
been a progressive increase in the number of fever cases encountered,

No transport has been provided for the Health Inspectors or Surveillance
Workers, The percentage of population surveillanced per round has varied from
88-1 to 100-0, since at no time was the full complement of the sanctioned staff
working. The annual averages range from 388 1o 96-5 per cent. The aversge
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population surveillanced by each worker has varied from 2,446 to 4,018 per fort-
night, Ifall the staff sanciioned had actually been on duty and if the entire
population had been contacted, the average would have worked out to only 2,667
per worker per fortnight.

Considering the difficult nature of the terrain, the fact that most of the
villages are situated in the interior and that many of them are virtwally cut off
from the outside communications during the monsoon months {June-—Qctober),
the targets achieved 50 far are very encouraging and reveal that similar programmes
can be carried out more easily and without much organizational difficulty in areas
with better communications.

ENTOMOLOGICAL DATA.

The first half of Table I depicts a summary ol the eciomological collections
before spraying and during the time the area was actually under spraying opera-
tions. The second half furnishes data after spraying was completely interrupted
or there was a reduction in the number of rounds of spray. The aunual average
per man-hour densities of the vector species were low even before DDT operations,
but in some months of the year, densities of vector species were high. These ranged
from 0-0 to 17:9 in the case of A. culicifucies and from 00 to 11 in the case of
A. fluvigtilis. By the end of 1958, when spraying was intecsupted in the area, the
two species had completely disappeared from the human and mized dwellings,
The few specimens collected were from cattle-sheds. During the whole of 1958,
A. Auviatilis was completely absent in the high and the intermediate rainfall areas,
only 2 specimens being collecied from cattle-sheds in the low-rainfall area. Only
6 A. culicifacies were collected from the intermediate rainfall area, the species
being absent in the high and the low rainfall areas. During 1957 and 1958, both
A. culicifacies and A. fluviatilis began to reappear in all the areas, but the numbers
collected were very low and al} the specimens were from cattle-sheds. During this
period, however, thers was a steady increase in the other anophelines coilected,
particularly A. jeyporiensis and A. pallidus which were the predominant species
even during the pre-spraying period (Bhombore, ef al., 1954}, In 1959, due to
the rainfall being above average, there was a decline in the mosquito densities in the
whole ares, the vector species continuing to occur in numbers far below those during
the pre-spraying period.

Larval searches also corroborate aduit catches in all the three areas, there
heing a remarkable decline in the number of larvae collected.
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A NOTE ON THE INTERRUPTION OF SPRAYING OF

RESIDUAL INSECTICIDES IN SOME VILLAGES OF

VISVESVARAYA CANAL AREA, MANDYA DISTRICT,
MYSORE STATE.

BY

H. SHAMA SASTRY,
A.R. SUNDER RAO,
T.5. RAMA RAO,
N.L. SITARAMAN
AND
C. ACHUTHAN,
{Bureau of Malariology, Mysore State, Bangulore.}
TMarch 39, 1961}

INTRODUCTION.

Tue Second Asian Malaria Conference held at Baguio, Philippines, in 1954,
discussed the urgency of interrupting residual spraying of insecticides in areas
which satisfied the required criteria for such interruption. The conference also
suggested that, in each country, criteria for interruption of residual spraying
should be set up by competent authorities fully conversant with the local epidemio-
{ogy of malaria. Accordingly the Government of India set up in 1956 an Expert
Committee to go into this problem and recommend areas ready for interruption.
This Committee visited Myzore State in July, 1966, and selected certain areas as
being ready for interruption of spraying. However, experimental interruption of
spraying had already been instituted in a small group of villages in Mandya District
in the beginning of 1956 itself.

Shama Sastry and Iyengar (1959) have already reported the first year's results
af malaria surveillance measures in Mysore State, India. Sitaraman et al. (1981)
have described in detail the results of three years' surveillance work in Sakalespur
Taluk, Massan District, which is a typical example of the A. fluviatilis area. This
paper represents an account of observations carried out in a typically A, culicifacies
area for a period of four years after interruption of spraying.

DESCRIPTION OF AREA.

The Visvesvaraya Canal (formerly called Irwin Canal) is a high level canal,
taking off from the Krishnarajasagar Reservoir, 12 miles from Mysore, designed to
(233)
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irrigate 1,20,000 acres. The area commanded by the canal lies within the revenue
jurisdiction of the Mandya and Mysore districts, A net-work of minor
Jistributaries assures 2 perennial supply of water by gravity to the whole area, The
population of Mandya District which was 5,81,710 in 1931 rese to 6,35,588 in 1941
and 7,17,545 in 1951,

HISTORY OF MALARIA.

Rao (1943) and Rao and Nassiruddin (1945) have discussed in detail the
genesis of the malaria problem in the area. The villages in the area are situated in
valleys and almost every village has a tank for conservation of rain water (Map 1.}
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Prior to the advent of canal irrigation, the tanks used 10 hold water only during the
rainy season. Though the area was economically backward, it was generally
healthy, with only a few scattered foci of malaria, The average spleen rate was
15.3 per cent.

When the canal came into operation in January, 1932, the whole area was
flooded and during the first few vears no systematic control of water was possible.
This uncontrolled irrigation led to an enormous rise in the subsoil water level and
the tanks were always full. Within a period of 3 years (1932-35), the subsoil water
fevel rose from 20-40 feet below the surface to practically ground level. An
increase in the incidence of malaria in the freshly irrigated area was reported as
early as 1932 and before the end of the vear a widespread epidemic of malaria was
in progress. Deaths from fevers increased twenty-fold, The average spleen rate,
which was 18'3 per cent during the pre-irrigation period, rose to 50-60 to 20.00
per cent after the introduction of irrigation. By 1935 the conditions had settled
down to a state of hyper-endemicity. Though relief measures by drug distribution
and anti-larval measures by using paris green were started {rom the beginning, the
malaria problem assumed serious proportions by 1841,

RESULTS OF MALARIA CONTROL MEASURES.

During 1941, malaria control by pyrethrum spraying was taken up along with
permanent anti-malaria engineering works. Ia the new area (Malavalii Taluk),
where these engineering works were adopted, malaria did not become a problem.

Till 1949, the main malaria control measure in the Visvesvaraya Canal area
continued to be by pyrethrum spraying. In 67 villages, under observation, the
spleen rate had come down to 47.7 per cent in October, 1950, from 8L.5 per cent
in April, 1942. With the availability of residual insecticides like DDT and BHC
for large-scale use, the Visvesvaraya Canal area was taken up for residual
insecticidal treatment since December, 1950,

In 16 study villages of Mandya Taluk, with a population of 13,604, the spleen
rate in October, 1950, was 44.3 per cent and the Average Enlarged Spleen 1-9. By
November, 1953, when the National Malaria Control Programme was initiated,
these figures had come down to 12-12 per cent and 1-5 respectively. At the end of
1855, the former had further declined to 1-9 per cent, Dispengary Statistics
during 1950 indicated that the percentage of malaria cases, in relation to total cases,
was 41-03. Tt had come down to 4-09 per cent by 1853 and to 2-1 per cent in 1855,

Infant parasite rate, which was well above 5.0 per cent before 1950, came
down to zere in October, 1951, after two rounds of residual insecticidal treatment
and was maintained at that level till the end of 1965. The percentage of clinically
diagnosed malaria cases, positive for malaria parasites, was 12-2 in 1951 ; and by
1954, it came down to 2:9 per cent. Infant and childhood parasite rates m
the 18 study villages, during 1955, continued to be zero. Though childhood
parasite rates are not available for the period 1934-55, inasmuch as the spleen
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rate in these villages had come down to less than 5.0 per cent and the infant
parasite rates were also nil for the same period, it is permissible to presume that
the childhood parasite rate would have been well below one per cent.

Before control measures were adopied in the area, densities of A. culicifacies
were high enough to maintain malaria transmission throughout the year {Rao and
Nasgsiruddin, 1945 loc. cit.). During 1951, after three rounds of spray, the per man-
hour densities of vector species had come down to levels far below the required
level for malaria transmission. The per man-hour densities for A. culicifacies,
A. fluviatilis and other anophelines during 1951 were respectively 0.6, 0-3 and 11.4,
By 1953, they came down to 0.27, 003 and 37 per man-hour respectively.
During 1955, there was a further decline to 0-0005, 0-0005 and 07 respectively.
{.arval densities also indicated a corresponding decline,

RESULTS AFTER INTERRUPTION OF SPRAYING.

Tt will be seen from the data presented above that by the end of 1955 the
necessary criteria* for interruption of spraying were fully satisfied in these villages
and consequently, as an experimental measure, spraying was withheld during the
whole of 1956, Although a regular surveillance programme was instituted from
only January, 1957, a very careful watch was maintained throughout 1956 by
zollection of infant blood smears every month, child blood smears once in six
months, splenometric data biannually, and weekly entomological data.

845 infant blood smears were collected during 1956 from these study villages
and ail were negative for malaria parasities. 865 blood smears taken from children
between 2--~12 years of age, as also §11 blood smears collected from adults in these
villages, were all negative for malaria parasites. The spleen rates in these villages
during April and October, 19566, were 0:6 per cent and 0-08 per cent respectively.

For a total of 1856.0 man-hours spent during 1956, only one specimen each
of A. culicifacies and A. fluviatilis were collected. A. culicifacies and A. fluviaiilis
formed only 002 per cent of the mosquitoes collected during the year, as against
0-07 during 1955, 0-3 and 0-7 during 1954, and 10.0 and 1.0 during 1953, No larvae
of A. fluviatilis were collected during the ertire year; only 5 A. culicifacies larvae
being collected.

Since January, 1957, onwards, regular surveillance programme has been
instituted in these villages. Entomological data are also being collected every week
from these 16 villages. Other malario-metric indices like infant parasite rate,
child parasite rate, and spleen rate have also been recorded. No transport has been

*The Fxpert Committee of Malariclogists appointed by the Govemment of India, in 1958, adopted
the following eriteria for interruption of spraying s~
{1} Childhood spleen rate is leas than b per cent.
{3} Childhood parasite rate is less than 1 per cent., and
{3} Infant parasite rate is zero,
for a consecutive period of two years.
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provided as the villages are within a radius of five miles from the headquarters and
#3 houses in the villages are compact and pot scattered.

During 1957, 280 fever cases were detected and the blood smears drawn from
all these cases were negative for malaria parasites., Spleen surveys conducted
Jduring April and October, 1957, revealed that the spleen rate remained zero. 951
vhild blood-smears examined were negative for malaria parasites, as also 151 infant

iood-smears and 249 blood-smears collected at random from adults,

I 20110 man-houts spent in adult mosquito collzctions in these villages
Jduring 1957, 18,720 anophelines were collected, of which 3 {0-017 per cent) were
A, culicifucies and 2 {0.014 per cent) were A. fluviatilis.

In 1938, 97 blood-srmears, drawn froms fever cases, were negative for malaria
parasites. '_I'here was no rise in the spleen rates. Blood-amears, taken from 98
infants, 684 children and 363 adults, were also negative for malaria parasites.

38,973 anopheline adults were collected during a total of 28540 man-hours.
Of these, 22 (0-008 per cent) were A. culicifacies and 72 (0-026 per cent) were
A, fuviatilis,

9§ fever cases detected during 1959 and the blood-smears drawn from these
cases were negative for malaria parasites. Spleen surveys conducted during April
and Qctober, 1959, indicated that the spleen rate remained zero. 1,590 child blood-
smears examined were found to be negative for malaria parasites; as also 320
infant blood-smears, and 402 blood-smears obtained at random from adults,

In 24830 man-hours spent in adult mosquite collections in these study
villages during 1059, 25447 anophelines were collected, of which 14 (0-055 per
cent} were A. culicifacies and 38 (0-15 per cent) were A, fluviatilis,

The data collected so far indicate that interruption of spraying in these
villages has not resuited in any increase in or recurrence of malaria in the area.
However, it would be too premature to draw any definite conclusions at this stage,
18 observations will have to be continued for some more years. Also in an adjoin-
ing Taluk (Nagamangala) no regular anti-malaria measures were in force till
recently. A strict vigilence is being maintained and ample provision has been
made for immediate resumption of spraying operations whenever the need
arises.
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AQUATIC VEGETATION OF DAMODAR VALLEY.
Part IV.

AQUATIC VEGETATION OF BOKARO RESERVOIR
AND ITS CONTROL BY HERBICIDES.

BY
P. KACHROO*.
tindian Council of Agvicultural Research, New Delhi),
{Maxch 28, 1961.)

INTRODUCTION.

Tue phanerogamic flora of the ponds and marshy lands, sfong with a detailed
account of vegetation, pond contour in relation to marginal flora, associations and
changes in the local pond flora and annual variation in the dominant marginal and
central fora of some selected ponds in the Damodar Valley, and the association of
aquatic vegetation with anopheline breeding within the same area, have been
digcussed in earlier publications {Kachroo, 19584 : 18595 ¢ 1960). Preliminary
herbicidal control of the aquatic weeds was experimentally conducted during 1055
to 1967 in selected areas, at the Station Nos, 5 and 1 {Map 1} only {Neogy et al.,
1956 ; Kachroo and Sharma, 1958). Thereafter the whole mass of vegetation at
these stations as well as at other stations was sprayed. The present paper records
the results of observations made during 195458 on the aguatic vegetation of Bokaro
Reservoir {Map 1), its association with anopheline breeding and its control by
application of herbicides.

The site.— Bokaro pond is situated in Hazaribagh District of Bihar at the con-
fluence of Bokaro and Konar rivers {Map 1). The approximate latitude and longitude
of the place are 23°, 47 min. N. and 85°, 63 min. E. It is a constant pool-level pond,
with the barrage structure of gravity concrete, and it is integrally interrelated with
the Konar Reservoir which supplies water to it throughout the dry season. The
primary purpose of this pond is to supply cooling water to the Thermal Power
Station. The hydrological and physiographical features of the pond are summarized
below.

! Pomxp
1. Puration of the full pool-level 12 months,
Stream efevation bed 725
Submerged acreage _en 251 acres,
i.ive storage fluctuation e Nil.
Controlled flood storage Nil,

* Formerly ¢ Botanist. Damodar Valley Corperation.
(230}
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{a} Skote fme -

Length of shote hne along the Bokaro River o 8 miles {both side).
Total cetchment area above barrage 730 3q. miles.
Area of the submerged paddy fields - 19 acres.

b} Villages within half a mile of shorve /ine (Population) i(—
RyGer pANK ¢ Ciarmuzara (p. 150), Hazari (p. 800},
Bariabera {p, 300), Bhutkutia {p. 200},
Mohlibund (p. 500).
Lesr mank :  Mahiriatand (p. 100}

1L Barrace
Number of gates . 13
Concrete wall-level below gates RL 731
Highest level of the pates RL 744
Normal opetrating level . RI. 743
Maximum flood level RL 787
15 ft.

Fluctvation level -
Being 2 constant pool-level pond, the reservoir showed very little fluctuation
in the water level during 1954-57 (Graph 1). Asa matter of fact, the maximum
water tevel generally fluctuates between RL 741~ RL 743 ard the minimum between
RL 730-RL 741 ; the difference between the two, each year or even each month,
heing practically negligible.
AQUATIC VEGETATION.

“The constant pool-level of the Bokaro pond has caused water-level features
which are most favourable for a luxuriant aquatic growth, resulting in favourable
conditions for mosquito breeding. The entire fluctuation zone remains Inundated
for the mast part of the year and is a repository of aquatic species, A few plants do
occur in and along the reservoir fitself. A major portion of the fluctuation zone
used to be paddy fields in the pre-reservoir davs.

Grare 1.
Monthly Huctuation of water tevel in the Bokars pond duving 1954-57.
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Potamogeton crispus, Najas foteolata and masses of Cladophora .glomemm
usually foat in the reservoir. ‘The most common species in the fluctuation zone,
according to their dominance, were : Chara zevlanica, Hydrilla verticillata, Scirpus
.rticulatus, Najas foveolata and minor, Potamogeton crispus, Polygonum tomentosum,
{Typha angustate), Evolvulus nummaularius, Aponogeton monostachyon. Monochoria
fustasefolia, Alteérnanthera sessilis, Sagittaria guayanensis, Eragrostris brach}’?h?’”a'
Oldenlandia heynei, Trapa bispinosa, Kyilinga monocephala, Polygonum hydropiper,
Potamogeton indicus, Caesulia axillaris, Sphaeranthus indicus and Commelina salicifolia.

Polygonum tomentosum formed forests during 1954-55 and Typha angustaia
Jduring 1957-58, Scirpus articulatus was most dominant in fallow fields and was
commonly associated with Jussiaea repens and Sagittaria guayanensis. Monochoria
fhastaefolia also formed thickets during 1967-58,

The following species were common in partially inundated areas. Am‘ma.ma
baccifeva ; Cyperus difformis, C. flavidus, C. iria, C. pumilus ; Emilia sonchifolia ;
Fragrostis gangetica, E. tenella var. brevicaulis, E. uniloides, E. viscosa ; Eriocaulon
quinguangulare ; Fimbristylis miliaceae, F. quinquangularis ; Grangea madavaspatnd ;
Lindernia crustacea ; L. pyxideria ; Ludwigia parvifiora; Polygonum flaccidum; Rotala
wbica, R. laptopetala ; Scirpus supinus, S. squarrosus ; and Hygrophila spinosa.

Croton sparsiflorus, Euphorbia thymifelia, Phyllanthus simplex, Ocimum canum,
Desmodium triflorum and Argemone mexicanum grew along the shore-line and forme_d
con-associations at a number of places with grasses, Rotala indice and Ammania
buaccifera, ; but normally some of them, e.g., Croton, Ageratum and Ocimum died on
being submerged,

Wedelia calandulacea, Spilanthes aemella, Polygonum hydropipsr, Cyperus
naspan, C. tagetum, Phragmites karka, Panicum colonum, Crinum deflexum, and
Eriocaulon truncatum were commonly encountered in the river bed beyond the
fuctuation zone during the non-monsoon months,

Atwong the algae, the most common were Chara zeylanica (forming a submerg-
ed forest at Station No. 1), Spirogyra maxima, Cladophora glomerata and Zygnema in-
ica var. damodari, The blue-green algae were mostly confined to fallow lands and
1.yngbya majascula was one of the dominant algae collected during 1954-55. The follow-
g species of algae were collected during the present observations.

Chlorophyceae: Eudorina elegans; Gonium pectorale; Pandorina morum; Sphaerella
facustris ; Chlovella vulgaris ; Quadrigula closterivides ; Pediastrum duplex, P. teiras ;
Scenedesmus quadricauda ; S. acuminatus; Cladophora glomerata, C. sauteri ; Oedogo-
nsum decipiens ; Spirogyra maxima ; S. neglecta ; Zygnema indica var, damodari;
Penium polymorphum ; Closterium monolifcrme, C. valfsii ; Cosmarium granulatum,
. reniforme ; Desmedium swartzii ; Staurastrum dejectum ; Protosiphon boiryoides.

Characeae : Chara zeylanica, Nitella acuminaia {epipbytic on Potamogeton
CHSpUs).

Bacillariophyceae : Cyclote!la comta., Melosira sp., Synredra ulna ; Ghomphro-
nema ventricosum, Pinnularia viridis, Baccilavia pavadoxa.
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Myxopaycrag : Microcystis aerugmose, Chroovocous turgidus, Merismopedia
tenuissuma ; Cheemosiphon siderphilus (epiphytic on Lyngbya majascula), Nostoc
linkidgea, Anabaena ambigua, A. unispora; Spirulina major ; Oscillatoria sencia,
O. claricentrosa ; Lyngbya majascula.

ASSOCIATION WITH ANOPHELINE BREEDING.

Periodic water-level Auctuation, without seasonal recession, pormally used in
Limiting the marginal growth invasions, was not of much value at Bokaro since a
teasonable scope of recession is only one-and-a-half to two feet.  The requirements
of the Thermal Power Station do not permit recession to a point below the marginal
invasion zones. Further, for the same reason seasonal recession could not be
maintained. Thus, the fluctuation area became a permanent fixture in the form of
‘small pockets’, each with a small outlet into the reservoir, These small pockets
formed breeding pools for mosquitoes {numbered as stations in Map 1).

The problematic mosquito breeding pools in the reservoir are Station Nos,
5, 8 and 7 and a part of Station No. I. These are permanent and remain under
water throughout the year, On the contrary, Station Nos. 2 to 4 and 8, which are
slightly at higher elevation, dry up during the recession {March-May) and in
autaman.

During the period under review, larvae of seven species of Anopheles, namely,
annularis, culicifacies, fuviatilis, hyrcanus, pallidus, subpictus and vagus were
cullected at Bokaro. Anopheles annularis, A. culicifacies and A. subpictus were more
commonly encountered ; whereas A. fluviatilis and A. vagus were rather rare. A.
culicifacies is regarded as the chief vector of malaria in this region and it was nearly
always associated with emergent flora.

Polygonum tomentosum was the main aquatic plant found to be associated with
anopheline larvae, particularly those of A, culicifacies and A. annularis. The latter
larvae were also collected in and around masses of floating Spirogyra. These
larvae were observed to harbour exterpally large colonies of the blue-green alga
Microcystis aeruginosa ; this gave the larvae a green appearance. Jussigea repens,
which formed small pockets within and without the marginal belt of Polygonum,
was associated with A. annularis, A. pallidus, A. hyrcanus and to a lesser degree
with A. culicifacies. Larvae of A. hyrcanus and A. subpictus were always associated
with Monochoria hastaefolia, and that of the Jatter also with dense masses of floating
Cladophora.

Scirpus articulatus (Station No. 1} was intimately associated with larvae of
A. culicifacies, A. hyrcanus and A. subpiciys, but to a lesser extent with A, annularis
and A, pallidus. Seirpus was eliminated at Station No. 1l through application of
herbicides during 1056, and thereafter Chara zeylanica and Aponogeton crispus
were the dominant weeds there. However, the change in vegetation did not bring
about any appreciable change in the composition of anopheline fauna, except that
for a considerable decrease in the incidence of A. culicifacies and A. annularis. The
inatability of inundation at other Stations did not afford dependable data.



244 Aquatic Vegetation of Damodar Valley.
CONTROL OF VEGETATIVE GROWTH.

As already mentioned, the structure of the Bokare pond is responsible for
verpetual growth of aquatic plants and this poses a probiem for mosquito control.
Experience gained in other countries, notably in the U8 A., has shown that the
control and eradication of aquatic weeds greatly reduces the mosquito breeding
potential of a pond. It was, therefore, intended to study the effects of weedicides
on the flora at Bokaro Reservoir to determine how far this could bc profitably
utilized for bringing down anopheline breeding at Bokaro.

The following herbicides were used : dicotox, ethyl ester of 2, 4-dichiorophe~
noxy-acetic acid ; chloroxone, 80 per cent scdium salt of 2, 4-d ; fernoxone, : same
as chloroxone ; agroxone, 27-5 per cent [approx.) wt.jvol. of sodium 2-methyl
¢-chioro-phenoxy-acetate (‘“Methoxone™); weedone LV-4, butoxy-ethanol ester
containing 4 15. 2, 4-d acid equivalent per gallon ; telvar DW, active ingredient :
3.{3, 4-dichlorophenyl}-1, 1-dimethylurea, 80 per cent and inert ingredient about
) per cent ; trioxone, a mixed butyl ester of 2, 4, B-trichlorophenoxyacetic acid;
ACP-M-361, a 2, 4-d formulation ; atlacide, a non-selective weed-killer based on
sodium chlorate ; and copper sulphate. All these weed-killers are water-soluble
and were sprayed at a rate of 23 Ib.* in 20 gallons of water per acre on aerial paris
of plants. The results of the various trials are tabulated in Table &. The plants
were sprayed in their natural habitat and the spraying was carried out in 2 zig-zag
reversible manner so that each plant could be equally sprayed.

Tasre I.

Tume jor total kill of aguatic/semi-aguaiic plants of the Bokaro pend after spraying
with various aqueous solutions o herbicides during 1955-88.

HerpioEs usen (24 Ib. PER ACRE)".
Plants. i Fernox- | Coj ‘Wee-

Chiloroxone. {Agroxone. one sulpm Dicotox. dote. Atlacide.
Alternanthera sessilis 120 hrs. Y6 hrs, | 96 hre. i () {—} §—} )
Caesulia axillaris 120 hrs. 120 hrs. {t—} INoeffect] {~) | {—} Noeffect
Cladophora glomerata No action  |Ne action 7days | nil {um) nil
Felipta alba 7 days | Tdays | 7 days nilt 14 days ! 21 days] nil
{Hrangea madaraspatra 144 brs. 120 hys. 120 hes, | {(—) {~} {—) (—}
fussiaea repens 120 hrs, l T2hrs. | 48 hrs. | 10 days | 7 days (=} {~-)
Eyllinga monocepahala 120hrs. | P6hrs |96 hes. | nil nil} nil nil
Mazus rugosus . Tdays | Odays | 8 dayg () 1 days {-—} {(—}
Monochoris hastaefolia WYdays | 12days | © days| 10 days ] 6 weeks | 24 days] (—
Polygonum tomentosum | 22-80 days | 36 days | 94 days) nil 6weeks | nit | (—)
Sagittarig guayanensis 48 hrs. { 48 hrs. |48 hes, | {—} 2 weeks | {—} {—
Sphaeranthus indicus 120 hrs. l {—} {—) (=) [B-4dwecks| (—) {--)
Scirpus articulatus fdays ¢t {—) —} 4 weeksit-5 weeks | {~—) nil
Typha angustata Pertil = | {~) pilt | nil ol ¢ nil (~)

parslysis | !

¥ The quantity used refers to the amount of the technical compound and not the formulation.
b {~—)==Herbicide was not applied.
¢ Initial eflects marked but revived later, often within 24 hours.
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It is seen from Table I that nearly ali the weeds, rreated with 2, 4.1 formuta-
tivns, were eliminated within 2 inonth, the delicate species (e.g., Sagittaria) was
killed within 48 bours, but the hardy plants {e.g., Polygonum) took a menth to die.

None of the herbicides applied could ejiminate the grasses or the submerged
weeds. Chloroxone partially paralyzed Typha and other grasses but the plants
revived aiter 24 bours,

Coopper sulphate, 3 non-hormonal weedicide, could only control growth of
small annual weeds, 1t could not eliminate hardy species like Polygonum. However,
it was effective against algae, eliminating masses of Cladophora glomerata within
seven days,

DISCUSSION.

Bokare Reservoir is a constant pool level pond and has, thus, greatly favoured
a luxuriant aquatic growth. The uneven shoreline and the neglected fallow lands
i and along the shallow fluctuation zone, as mentioned earlier, have created con-
ditions for growth of a flexucus type of flora and provided optimum conditions for
mosquito breeding.

The common aquatic plants associated with anopheline breeding were
Polygonum tomentosum, Jussigea repens, Scirpus articulatus, Monochoria hastagfolia,
aud to a lesser extent Hydrilla and Aponogeton. Nearly all these plants form a
dense cover and, thus, pose a problem for malaria control. Eliminavion of this
flora has been seen to greatly reduce the incidence of mosquitoes. Both hormone
and non-hormone types of weedicides were applied at Bokaro. The formerincluded
ethyl ester, sodium salt and butoxy ethanol ester formulation of 2, 4-D ; 2, 4, 5-tri-
chlorophenosy-acetic acid as well as 27-5 per cent wt.fvol. of sodium 2.methyl
i-chlorophenoxy-acetate. Atlacide and copper sulphate were the only non-hormone
Ly pe weedicides selected. Chloroxone (80 per cent sodium salt of 2, 4-D) proved
very effective against the emergent broad-leaved weeds and was responsible for
partial or complete disappearance of a majority of the species. But it could not
control the growth of submersed species. Copper sulphate was only effective
against the algae,

Initially it was thought that weedicide operations would be more conducive
towards the solution of mosquito problem, but an assessment made at the end of
the trials showed that such operations would be too expensive, as it would be
necessary to spray the water surface, at least, twice a year. Further, it was noticed
that the change in flora brought about by such sprays had also w0 be considered,
e.g., when growth of Polygonum was controlled at Station No. b, its place was
immediately taken by an over-growth of Typha angustifolia, a grass difficult to
contral but definitely encouraging an undergrowth of weeds and filamentous algae.
Due to these facts dewatering of the fluctuation zones, particularly at Station
Nos. 5 and 7, would be greatly advantageous. The alternative arrangement for
maintaiping an interior drainage aystem or operation of pumping plant, would
involve great annual expenditure. Besides, seepage from the earth bunds is con~
siderable at these stations.
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Mar 2.
Diagyanamaiic represeptation of the decpening and filling operations swggested for beiter
maintenance of Station Nos. 5 ond 6.
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Thus, the necessity for filling and deepening would be unavoidable for
reducing the vegetative growth-invasion in the Auctuation areas and in the main
reservoir. Further, it would involve the elimination of the shallow probiem areas
by deepening the lower portion of the area and utilizing the earth removed earlier
tw fill the upper portion—this would result in a new and relatively steep shore.line
where the growth invasion would be restricted ; and consequently Jeft without any
significant anopheline breeding. Maps 2 and 3 illustrate this principle at Station
Nos. & and 6, and the same with slight lccal modifications could be conveniently
applied to other areas.

The deepening and filling, by employing temporary diking and dewatering,
would be useful. As moist ground conditions are a serious obstacle during
deepening and filling, the frequent drying of the area could be envisaged by
removing the aquatic vegetation and constructing temporary drains to lower the
ground water level.

SUMMARY.

Bokaro Reservoir is a constant pool level pond. It is very rich in aquatic
vegetation which is mostly of the flexuous type. Polygonum, Tipha and Chara
form dense cover over most of the fluctuation zones. Polygonum tomentosum,
Scirpus articulatus, Jussiage repens, Monochoria hastagfolia and to a lesser extent
Chata, Hydrilla and Aponogeton are intimately associated with anopheline breed-
ing.

Various herbicides {(formulations of 2, 4-D and copper sulphate), as aquatic
spray, were applied to control the growth of these aquatic weeds. Of these,
chloroxone (80 per cent sodium salt of 2, 4.D) proved effective against all the
broad-leaved emergent flora. Copper sulphate eliminated algae. Since herbicides
would have to be applied at least twice a year and would involve heavy expenditure,
it is suggested that deepening and filling of the shore-line and provision for good
drainage in the low-lying fuctuation zones might meet the requirements of maleria
control,
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Froariagis s rnown fo be endemic in Southern Thalland {Tyengar, 1958;
Sembat Chayabejara, 1958). The endemic areas are stated to be confined to the
thinly populated rural villages located in the low-lying lands surrounded by extensive
marshy jungles. The infection prevalent is B. malayi {Buckley, 1960}). No periodi-
city studies have so far been reported. Iyengar (1953 loc. cir.), however, believed
that the microfilaria in the local population was nocturnally periodic. Since his
report, periodic and semi-periodic forms of B, malayi have been recorded in human
beings in Malaya by Turner and Edeson (1957}, It seemed, therefore, desirable to
siudy the periodicity of the microfilaria in Thailand. Results of such studies, carri-
ed out in three patients, are reported here.

MATERIAL AND METHODS.

A vitlage in the Ronpibul District in Nakhon Srithammars} Province in the
north and another in Yaring District in Pattani Province in the south (both in
Southern Thailand) were selected for this study, The villagers were collected in a
central place in the village between 8.30 and 1030 pim. A drop of blood was
abtained from a pricked finger from each person and examined. Of those detected
with microfilariae in the blood {symptomless carriers), three adults—one from
Nikhon Srithammaraj Province and twe from Pattani Prevince—volunteered for
these investigations.

Three samples of 20 c.mm. of measured blood, from a pricked finger, were
obtained every two hours over a 24 hour period from each volunteer. Each 20 c.mm.
sample was made into a thick oval smear about 1 inch X { inch on a clean glass slide.
“The smears were dried overnight and stained on the following morning in dilute
Ciemsa solution according to the technique of Wilson (1956) (4¢ drops of Giemsa
stain to 100 c.c. of buffer solution pH 7.2). The dried stained smears were there-

*The investigation was carried out between 17th November and 3rd [i’ecambar, 1880, The senjor
author was on a United States Techaical Cooperation Mission to India (1CA} fellowship.
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after examined. The species of microfilariae was noted and their numbers counted
and recorded.
RESULTS,

Oniy B. maluyi microfilariae were obszrved m all the smears. A striking
feature, noted during the examination, was the presence of many ex-sheathed micro-
filariae with their empty sheaths lying nearby. In a total of 744 microfilariae studied
244 were completely ex-sheathed (3010 per cent), with the sheaths lying separately
from the microfilarise. In many others, the sheaths were found partly detached
irom the microfilariae,

The microfilariae counts at the different hours, from the three volunteers, are
sot out in Table I.

TasLe 1.
Microfilariae count in the blosd smears obtained every two hours.

PaRTICULARS OF F

THE YOLUNTEER. | *SER)AL NUMBER OF THE TWO HOURLY BLOOD SMEARS !

" ——— ‘ R __IE.._M._._._l__.._._ e
! ! : ' i
age | mumber | ! r 2| 3 | ¢ s 6 78] 0 10 n.0
fyeats), | erthe - : : -
i \'?e:: ) Average microfilarial count per 20 c.mm, of blood.
50 I 0 10.5& o |033]8 166 {30.668)28 1213 |43.6 |26 l12.3
27 I¥ 0 | 033 g {0 1 1 4331083 7 8-33; 4 2-33 | 166
29 11 0 [ 0 0 {0 366 27.33[24 [26-66 [31-33 | 14-33] 1366 |
" Volunteer I—Male from Nikhon Srithammaraj. " “Volunteer 11--Male from Pattani.

Yolunteer ITI—Male from Pattani.

* | to 12 represent the twoshourly blood smears taken.  They were tzken at 9 a.m.. 1l am., ) pm.,
3 pam., 5 poto., 7 pme, 9 pans, 11 pame, 1 ame., 32.m,, 6 a.m. and 7 a.m. from Volunieer I, In the
other two, they were taken at 10 a,m., mid-day, 2 p.m., 4 p.m., 8 p.m., 8 p.m., 1¢ pan., midnight,
3am, 4am., 6am and 8 am., respectively.

The data indicate :

{a) Blood smears obtained by day {7 a.m. to 5 p.m.} in the case of volunteer
1, and from 6 a.m. to 4 p.m. in the case of the other two, contained less numbers of
microfilariae than those obtained during the night (vide Graph 1),  Two, three and
four smears obtained from volunteer I, 11, and F1I, respectivelv, of the six smears
examined during the day, contained no microfilariae even in 60 c.mm. samples. The
watio of counts by day : night (between 7 am. and 6 p.m. : between 7 pan. and
# a.m.) worked out te 21-30 ; 166-76 or nearly 1 : 8 (Volunteer I); 4-33 : 40-00 or

nearly 1 1 9 (Volunteer 1T} and 1566 : 116 . 33 or neatly 1 : 7 in Volunteer I11.

{b} In Volunieer I two peaks were observed in the microfilarial count, i.e. one
at9 pom. and the other at 3a.m. In the other two, only one peak was noted at
10 p.m. and 8 p.m. respectively.

1) Generally there was a progressive increase of the microfilarial count from
5 p.m. or 6 p.m, till about 10 p.m. to midnight, whereafter it fluctuated, falling off by
& a.mn, to zero.
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Grary 1.
Microfilaria counts at different hours of day and night.

B30 r 540

43 66

GOUNT IN A PATIENT £ROM RIKHONSRITHAMMAR A

40 PROVINCE

PP AVERAGE OF THE COUNT IN TWO PATIENTS FROM
PATTANI PROVINGE

10

n
O
H

o

i
%




252 Studies on Filartasis in Thailand.

DISCUSSION.

Raghavan (1949} observed ex-sheathed microfilariae of B. malayi in (iemsa
stained blood smears obtained from the Medical Research Institute {Kuala Lumpur).
Wilson (1956) considered this feature as a characteristic of the periodic form of
B. malayi in that country where both periodic and semi-periodic forms were repot-
ted, The results of the present study show the nocturnal nature of periodicity-
This fact, plus the ‘ex-sheathing’ noted, indicate the similarity of the observation
made on the periodic form of the species in Malaya and Thailand.

In this connection, it may be stated that such an occurrence of :‘ex—sheat}ling”
has nut been observed in B, malayi infection in India or Ceylon, Raghavan (1967)
Jrew attenition to the lack of such “ex-sheathing”’ of B. malayi microfilariae in India,
though the infection is periodic. Staining the smears of B. malayi microfilaria
carriers in India with Giemsa stain, procured from Malaya or India, or subjecting
the blood smears to “moist chambers’ prior to staining, did not show the massive
»ex-sheathing” as noted in the slides from Malaya (Raghavan, 1949). While more
studies are needed, yet the significant difference has to be borne in mind.

¥t js interesting to compare the types of infection, their vectors and type of
terrain in Malaya and Thailand. In the former place, the periodic form of B. malayi
1& reported from coastal rice-field areas, well populated and cultivated and without
swamp forest. The vectors are the open swamp species of Mansonia such as
M. uniformis, M. indiana and M. annulifera as well as the dark winged A. barbirostis
and hyrcanus group {Laing, 1960). The semi-periodic form in Malaya, on the other
bhand, is confined to sparsely populated villages along the river banks in close
oroximity fo extensive fresh water forest swamps. The vectors are M. longipalpis
(M. dives/bonneae), and M. uniformis (Wharton, 1960). This form has been noted in
2 number of vertebrate hosts as well, other than man.

in Thailand, however, as stated earlier, the Surasthani Province that lies on the
nuribern portion of the eastern ceastal plain of Southern Thailand, is endemic for
B. malayi {Iyengar, 1853). The terrain in this area can be compared to those sareas
in Malaya where the semi~periodic form of B. malayi has been recorded. The vectors
in both the areas are M. longipalpis and M. uniformis {Wharton, 19680 loc. cit, ;
Yyengar, 1953 loc. cit.) Thus obe could suspect the semi-periodic form of B, malayi
m the Surasthani Province of Thailand.

The current studies in the Nikbun Srithammaraj Province (lying immediately
sdjacent to south of Surasthani), where both riverine swamp forest areas and also
open swamps exist, have shown the presence of the periodic form only.

SUMMARY.

Periodicity studies of B, malay: were varried out in three volunteers from the
Nakhon Srithammataj and Pattani provinces in Southern Thailand.

The microfilariae were noted to be strictly nocturnal.
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In the Giemsa stained blood-smears, many of these microfilarizge were
ex-sheathed, with their sheaths lying separately.

The importance and need for undertaking turther investigations on the
epidemiology of filariasis in Thailand is stressed, particulatly in view of this
country's close proximity to Malaya where semi-periodic and periodic forms of
B. malayi have been detected, as also the adaptability of the former to a number of
vertebrate hosts other than man.
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INTRODUCTION.

LITOMOSOIDES CARINII, a natural filarial infection of the cotton rat (Sigmo-
don hispidus), has been widely used for laboratory studies, particularly for screening
of antifilarial compounds (Hewitt et al., 1947). The infection has been maintained
by passage through the insect vector, the tropical mite, Ornithonyssus bacoti. The
maintenance of the strain of the infection in the laboratory necessitates reating and
waintenance of an unfailing supply of both the vertebrate and invertebrate hosts
of the parasite. The capricious Dreeding requirements and the wild nature of the
cotton rats have made their rearing and handling difficult. Workers have repeat-
edly attempted, with inconsistent resuls, to see if the infection could be passaged
and maintained in a more convenient laboratory animatl like the white rat. Rama-
krishnan et al. (1960), however, reported the preliminary results of successful
infection of the white rat. One of the four white rats exposed to infective mites
was positive for microfilariae in peripheral blood 66 days after exposure. Further
studies, carried out on the susceptibility of the white rats to the cotton rat filarial
infection, are reported in this paper.

MATERIAL AND METHOD.

The cotton rats®, white ratst and mites}, used in lhese studies, were obtained
from the colonies maintained at the Institute.

* The cotton rats are from a strain, obtained in 1950, through the courtesy of the Virus Research
Clentre, Poona, India.

+ The white rats are from the colony maintained at the Malaxia Institute of India, Delhi, from rats
obtzined from various sources in India.

1 Mites were initially obtained from U.8.A. through the courtesy of Dr. J. Allen Scott, Deptt. of
Preventive Medicine and Public Health, Uni: ersity of Texus, 3chool of Medicine, Galveston, as
well as from U.K. kindly made available by Dr. Frank Hawking, National Institute for Medical
Research, Mill Hill, London. The colonies of mites are maintained in glaes jare, 7 inches deep
and having a diameter of 3} inches. The open side of the jar is covered with nglon cloth with a
mesh that will not allow the nymphs or adult mites to escape. This cloth is kept in position by
tubber bands. A 2- or 3-day old baby mouse is kept 1n the jar oncez week to feed the mites.
The mouse is removed alter 24 hours by which time it dies and the mites leave it.

(255)



256 Infection of the Albino Rat with Filarial Parasite.

The induction of the infection into the white rats was attempted by two
different methods : {a) by transplantation of adult worms removed post-mortem
from the infected cotton rtats, and {b) by exposing the white rats to bites of in-
fective mites, :

The transplantation of adult worms was carried out with all aseptic precau-
tions. The adult worms were lifted from the pleural cavities of a dead cotton rat
(about 20 hours after death) with a sterile hooked needle and collected in a watch-
glass containing warm normal saline. They were transplanted into the peritoneal
cavity of an anaesthetised white rat through a subdiaphragmatic right-sided para-
median incision. The incision was sutured in separate layers and dressed with
cibazol. The animal recovered normally in the course of about two hours, following
the operation. The number of adult worms transplanted were not counted, to
avoid too much handling of them.

In the experiments where the infection was induced through infective mites,
the albino rats were directly exposed to the mites which had been given an infected
blood meal 15 days earlier. These mites were distributed in the saw-dust which
formed the bedding material of the nesting cages®.

In the first experiment, four normal healthy white rats (about 3 months old}
were exposed to the infection, placing two of them in each of the two cages contain-
ing the infective mites for 8 days. They were then demitted and kept in clean cages
for further observation. Similarly, more batches of white rats of different age-
groups were exposed to bites of infective mites.

Blood smeats from the rats were examined at weekly intervals for micro~
filariae of L. carinii, commencing from the fourth day in the rat which received the
transplant of adult worms, and from the 40th day after exposure to the infective

mites in the others.
RESULTS.

Microfilariae of Litomosoides carinii were detecied in the peripheral blood of
the rat with transplanted worms as well as many exposed to bites of infective mites.
The results are mentioned in Table I.

The white rat, into which the adult worms were transplanted, was found to
be positive on the first examination which was made on the 4th day following the
uperation, The microfilariae may have been in circulation even earlier.

One of the four white rats in the first batch became positive for microfilariae
86 days after exposure to infective mites. The cage companion of this white rat
died after remaining negative for 60 days, following exposure. Post-mortem of
that rat did not reveal any adult worms. The other two white rats did not show

* Clages arc made of galvanized iron, measuring 18 inch X 12inchx 12 inch with 2 hd on top and »
water trough al around the inside of the cage towsrds the top. The lid is the only part where
wire screen of § inch mesh ie used ; it is fixed to the cage by a pair of hinges. The lid can be
casily lifted and rapidly tlosed while hand!iglg animals. Four such cages stand on nteel-tables
placed on a galvanized iron tray 24 inch deep. Thit tray contains dilute solution of cresol in

water to take care of any mites that may escape the water in the troughs of the individual nesting
vages-
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Tang 1,
Protocol of white rats infected with L. Carinii,
1
: ’ + Dray of first .
: Number of . Duration of
Batch Ageof | Mode of ‘jﬁ';:gﬁ;t‘;f ! rats posi- a?l,e?;;::}lc_e observation after
Number rats, infection. tive for | @ MO appearance of
: I used. mi lari lariae in 3 :
; ._ icrofi ariae.|  ood. microfilaria.
4 " 6 months | Adult worms 1 ! 1 4 218 days
- | transplantation. :
I . 3montha : Mite-induced. 4 1 66 158 days
u 4 months ~do- ! 2 2 2 99 days
fII . 3 months wfo- ) 8 r. 53 to 77 04 to 76 days
IV 25 days ~do- 20 17 57 to 77 36 to 55 days
v . 20 days ~do- 20 20 43 1% days

microfilariae in the peripheral blood over an observation period of 86 days, follow-
ing their exposure to infection. They were sacrificed on the 86th day. Neo adult
worms were recovered from either of these animals.

It is interesting to note from Table 1 that all the 20 white rats (20 days old)
in Batch V became positive for infection in the peripheral blood on the 63rd day
of exposure to infected mites.

Qut of the 20 animals in Bateh V, six rats were exposed to infection in a cage
containing infected mites previously fed on an infected white rat. The mites in
this cage became infective after 15 days of blood meal on infected white rat as is
the case with the mites fed on infected cotton rats, The pre-patent period for
development of infectior in the white rats, exposed to infective mites, was similar,
irrespective of the fact whether the mites derived their infection from cotton rats or
white rats. Table Il shows the course of L. carinii infection in cotton rats and
white rats.

DISCUSSION.

The first record of successful infection of the albino rat with L. carinii of the
cotton rat was by Chandler (1931}, The advantiages of the white rat over the
cotton rat, as an experimental animal, are obvious and attempts have been made by
various workers to establish the infection in white rats., Some of the attempts were
successful while others failed. In any case, the results have not been consistent in
the past and, therefore, the recognised need for a suitable experimental model for
filariasis in an animal, as suitable as the white rat, bad up to now remained unful-
filled. The successful infection of the white rat in the present series of experiments
has been consistent, indicating the practicability of using it for studies on cxperi-
mental epidemiclogy of filariasis which have not been easify possible before. While
all the factors contributing to the present success are rot clear, yet a single out-
standing factor seems to be that the younger rats {20 days old, wide Table I)
are uniformly susceptible to the infection, Other factors, like the genetic strain of
the rats and their diet, have also to be considered,
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Tasrs 11,

Course gf infection in white rats and cotton rats.

Day of first appearance of micro- | ; e .
r\%:::aber. filarige in blood after exposure | Nummber of mictollariae in 2 c.mm. blood at various

to infection. " intervals after the firesr appearance in penphenl. blood.

White rats
[ 4th week — 13
i 8th week— 70
2 : 60 12th week ~~ 150
; I6th week — 245
i 19th week — 316
I dth week -~ 32
T P 8th week — €5
: 11th week - 63
P dth week — 26
B Tz 8th week — 30
' : 11th week — 60
A 7 '_ 5th week — 70
2. 86 ; 5th week— 8
; £ 4th week — 25
13 ; 6o ; Tth week — 240
i [ dth week— 61
1 i ve 7th week — 345
P 4th week — 45
13 ! n oih week — 257
i 4th week — 91
36 ! ke 7th week — 881
Cotion rats
' dth week~ 3
32 86 8th week - 1
: 14th week - neg.
E 4th week ~~ 89
34 : ol Gth week — 490
| Rat died.
§ ; dth week — 4
30 ! 92 Sth week ~— 30
: L12th week — 167
bth week — 86
EAU 72 10th week — 430
| ‘. 17th week — 470
: i 4th week — 225
8 § 87 ; &th week — 540
i 12th week -~ 1607
3y : 3rd week -— 305

48 tith week — 450
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Wharton's (1846) attempts to transplant adult L. carinii into the pleural cavity
of cotton rats were unsuccessful. Three days, following the transplantation, the
worms wete recorded dead. He succeeded, however, in the transplantation when
the cotton rat had been previously splenectomised and its lymphoid macrophage
system bad been blocked by Indian ink. Bertram et al. (1946) transplanted adult
L. carinii into the pleural cavities of white rats, Microfilarize appeared in the
peripheral blood of these rats 14 to 18 days after the transfer, and in some cases
pergisted only for 22 to 23 days when they were sacrificed. On autopsy, the adult
worms were found to be dead, fragmented and encapsulated.

Rohde (19594), in a series of experiments, transplanted into the peritoneai
cavity of 40 white rats adult filarial worms from recently killed cotton rats. In the
blood of most of the rats, no microfilariae were demonstrable,

The single experiment, in the present series, to transplant adult L. carinii in
the white rat was successful and was responsible for the rest of the work.

The note-worthy features are {vide Table I} : (a} that the cotton rat from
which the worms were removed for transplantation had been dead at least 20 hours
at the time, (b) the albino rat was an adult, (c) the microfilariae were found to be
patent in the peripheral blood on its first examination on the fourth day after the
transplantation, and {d) that the blood of the rat has been continuously showing
microfilariae to date during an obsetvation period of 318 days since the transplanta.
tion. Further, after the first 135 days of observation, the animal was gplenectomised
which bhas made no difference to the microfilariae count in the blood, In the
cotton rat itself, the period of patency of microfilariae was found to be about a year
{Bertram, 1957), The above mentioned findings indicate that the white rat can be
a hospitable host to L. carinii.

Mite-induced infections have also been attempted in the past with only a few
successful results. As mentioned earlier, Chandler (193! Joc. cit.) found that a
white rat, housed with infected cotton rats and mites, was found to be infecled,
Hawking and Burrows in 1948 (quoted by Williams, 1848) successfully infected
hamsters, white rats and mice and pre-bald rats through infective bites of mites.
Williams and Brown (1948) showed that white rats can be experimentally infected
by infective mites. In their series, the microfilariae appeared in the peripheral bleod
80 days after exposure. Scott and Cross (1948) housed a singie white rat along
with two infected cotton rats and mites. The white rat was sacrificed 57 days later.
Three immature L. carinii worms were found in the rat. FPerbaps, the infection
would have been found to be successful if only a longer period of observation had
been undertaken, Bertram et al. (1948 loc. cit.} exposed 45 white rats to the bites
of infective mites. They did not find microfilariae in the peripheral blood of any
of the animals up to an observation period of 74 to 82 days, On autopsy after
sacrifice, however, adult worms were found in the pleural cavities of the animals
and migrofilarjae in the heart blood.
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Later, Bertram (1047) exposed 39 white rats to bites of infective mites. The
observation period extended up to 81 days, but no microfilariae were found in their
petipheral blood. Williams (1048) found adult worms of L. carinii in white rats,
35 days after exposure to infective bites of mites. The findings, perhaps, would
have been more significant if the observation period had been extended.

Olson et al. {1955) concluded that tne white rat was partially immune to
.. carinii infection and that such immunity was more pronounced in older rats.
This is confirmed to a certain extent by the present experiments, Only a propor-
tion of rats between the ages of 26 days to 3 months became infected (vide Table I)
under the same conditions of exposure to infection. The proportion infected,
however, was high and indeed both the rats 4 months old, exposed to the bites of
infected mites, became infected. There would appear to be individual variations
which may have to be investigated. It should also be berne in mind in this context
that precise number of bites by infective mites have not been standardised in the
sxperiments. Nevertheless it is note-worthy that all the 20 rats, which were 20
-jays old, became infected under identical conditions of exposure.

Rohde {1959q) successfully infected 17 white rats with L. carinii out of 19
gxposed to the bites of tropical rat mites.

Rohde {1959b) reported successful mite-induced infection in 204 (70 per cent)
out of 289 white rats. In fact, this report was responsible for our starting the
work. In our series, if the four animals of the first batch (Table I) are excluded,
45 (90 per cent) out of the 50 exposed became infected. Indeed, if only the
voungest age-group is considered, then one hundred per centof the exposed rats
-Batch V, Table I} became infected.

In our observations, the prepatent period of infection is not different in either
of the two hosts, namely, the cotton rats and the white rats (Table II}. The range
in the former was 48 to 92 days (average 70-8 days) and in the [atter, 66 10 77 days
taverage 69-7 days). The lack of precise standardisation of the number of infective
hites mentioned eatlier, is relevant here. The extrinsic incubation period {or the
parasites in mites has been observed to be identical whether the mites were infected
vy white rats or cotton rats,

The duration of patent microfilaraemia in white rats cannot be finally stated.
T'he period of observation to date, in the animal into which the worms were
wansplanted, bas been 218 days during which microfilariae have been continuousiy
patent in the peripheral blood (Table I). This compares favourably with the
Jduration of the infection in cotton rats which is stated to be about a year {Bertram,
1957). The maximum period of observation in rats with mite-induced infection
nas so far been only 159 days. During this period, microfilariae have remained
patent in the peripheral blood, The duration of the jnfection in white rats is not
yet known.
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The only difference in the hospitality to L. carfnif infection by white rats and
cotton rats seems to be in the average number of microfilariae per 2 c.mm, of
blvod. From Table I, it is seen that it is greater in the latter than in former.
Whether the difference i3 a function of the host or due to non.standardisation of
the dose of infection, is yet to be determined.

Qther studies, including the duration of infection in rats, are in progress.
The observations so far made show that the albino rat in our laboratories is a suit-
able host for the permanent establishment of L, earinii for studies on experimental
epidemiology, chemotherapy and to procure sufficient adult worms for preparation
of antigen.

SUMMARY.

Aduit worms of L. carinii, removed post-mortem from an infected cotton rat,
were transferred to the abdominal cavity of 2 white rat. Microfilarize were pregent
in the blood 4 days after the transfer. The blood has remained positive over an
observation period of 218 days.

Out of the B4 white rats exposed to infective tropical mites, Orinthonyssus
bacoti, 46 white rats showed microfilariee in the peripheral blood 66 to 77 days
after exposure to infection. The animals have remained positive for microfilariae so
far over an observation period varying from 19 days to 159 days following appear-
ance of microfilariae,
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FiLARIASIS IN CENTRALLY ADMINISTERED AREAS.

Pari I1.  Survey of Laccadive, Minicoy and Aminidivi Islands.
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. P, NAIR.
{Malaria Institute of Indra, Delhil)

[ Novembher 18, 1980,

INTRODUCTION.

A preELIMINARY filaria survey of the Laccadive, Minicoy and Aminidivi Islands
was carried out between December, 1954, and February, 1985, by Subramaniam
of al. {(1958), These islands were surveyed again in detail in April, 1958, to deter-
mine the current position with regard to the prevalence of filariasis. The results of
this survey are recorded in this paper,

PHYSICAL FEATURES.

The Laccadive, Minicoy and Aminidivi Islands or the Laccadive “Archipela-
go" forms a long narrow belt, situated between 8 and 14 degree north latitude and
71 and 74 degree east longitude. The ten inhabited islands, Kiltan, Chetlet, Amini,
Kadamath, Bitra, Apathi, Kavarathi, Androth, Kalpeni and Minicoy ate shown in
Map 1.

Chetlet, the northern most island, is about 145 miles south-west of Mangalore.
On the extreme west, at a distance of 122 miles from Kozhikode (Calicut}, is Agathi.
The southern most island in the group is Minicoy, 213 miles south-west of Cochin.

For about six months in the year, during the monsoon, there is no communi-
cation between the mainland and the islands, as the sea is very rough, During the
fair weather period, sailing vessels ply between the islands and the mainland, taking
about one to three weeks for the journey each way.

The islands are long and narrow, and appear as narrow banks of piled upsand
in the sea. The area of the inhabited islands is about 10 square miles, ranging
from 0.39 to 1-756 square miles.

The broadest part of the island is generally inbabited. On the western side of
each island, excepting Androth, is a lagoon, which is a shallow semi-circular
depression about 2or 3 fathoms deep. The islands are mostly flat and are about
10 to 15 feet above the mean sea level.

The depth of sandy top layer varies from 3 feet {(Minicoy) to 9 feet {Agathi).
Below this, is the layer of lime-stone, § to 2 feet in thickness, with the water table
and sandy layer again. Beneath the lime-stone and coral sand strata, is the coral
rock layer at adepth of 43 to £6 feet from ground level, The water table is about
# feet {Androth) to 11} feet {Agathi) from the ground.

(263)



264

Filariasis in Centrally Administered Areas.

Mar 3,
Laccadive, Minicoy and Aminidivi isiands.

= CALICUT

- wCOCHIN




C. P. Nair, 266

POPULATION.

The total population is 20,856 {1951 census), with a density of about 2,000 per
square mile. The inhabitants in all the islands are Muslims,

CULTIVATION.

Coconut palms form the main cultivation. In Androth, and to a lesser extent
in Kalpeni, in the cultivated portions of the land or thottam, sweet potato, pulses,
and millets are grown. In Androth, paddy is also cultivated to a small extent, In
Minicoy, barring the inhabited portions, the rest of the area has coconut paims and
thick jungle, mostly of screw pine, growing to copsiderable heights. Grass is
absent in many islands,

ANIMAL LIJFE,

Animatl life in the Islands is very much limited. Fowls have been recently
introduced in all the islands, Birds are practically absent, except crows in Androth
and Minicoy. Tree-rats are common and the domestic as well as garden lizards
are found in varying densities in many of the islands.

OCCUPATION.

The chief occupation of the people is coconut farming, coir making and boat
building. Some people are employed as crew in shipping concerns. Coconuts,
copra, coir, country-made jaggery and vinegar are exported to the mainland,
Fishing, for commercial purposes, is the chief occupation of the Minicoy people.

HOUSING CONDITIONS.

Except in Minicoy, the houses are scattered. The walls are made of coral or
fime or sand-stone, 'The basement height is about two feet above ground level and
the walls 8 to 9 feet thereafter. Buildings are invariably thatched, except a few
with Mangalore tiles. Each house generally hes a verandah and three to four
roorns, with the kitchen separately housed. The surface area of the walls ranges
between 1,500 and 4,000 square feet. The rooms are dark and poorly ventilated,
In Minicoy, the houses are closely built, spacious and constructed with standard
material, in rows facing in different directions, The surface area of the walls ranges
between 3,000 and 4,000 square feet, The paths in between the rows of houses
have the appearance of streets. Doors are big, but windows are relatively small.
There are only foot-paths in these islands.

WATER SUPPLY.

Welils are the only spurce of sweet water, and are simple excavations reaching
below the lime-stone stratum. Some of them are step-down wells with three sides
protected by a layer of loosely packed coral stones, and one side provided with a
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few steps. The depth of water is generally about two feet. Gradual conversion to
draw-wells is being carried out in Minicoy and Androth and in some other islands,

For bathing purposes, there are separate tanks for males and females. Males
bathe in tanks attached to the mosques. In Minicoy, the sides of all the tanks are
mostly pucca, constructed as stone-steps, In other islands, only some tanks are
well constructed. The rest are ill-built. In each island, there are a large number
of bathing tanks for women. Except in Minicoy, the water in these tanks is
polluted,

SEWAGE AND WASTE.-WATER DISPOSAL,

In ali the islands, people answer their calls of nature in open fields near the
residential areas. Hermit-crabs and fowls help in the quick disposal of night soil.
In Minicoy, however, the beach is used as the open latrine. The sandy soil of
these islands is so porous that even during the rainy season there is no sullage
problem, except some soakage pits in Minicoy,

POSSIBLE MOSQUITO-BREEDING PLACES.

The possible mosquito-breeding places are, (a) the coconut-husk soaking pits,
tb} kutcha wells for watering the young coconuts, and (c) the trenches around the
coconut nurseries. The coconut-husk soaking pits are numerous and usually scatter-
ed, except in Minicoy where they are located in selected areas outside the main
village.

Numerous kutcha wells, for watering the voung coconut palms or other
gardens» are seen in many of the islands in a neglected state. The other water
collections are the deep trenches in the coconut nursery plots,

METEOROLOGICAL CONDITIONS.

There are two monsoon periods, {i) south-west, from end of May to
September, and {ii) north-east, from November to March ; the maximum precipita-
tion being during the former period, The average annual rainfall is between 55
and 80 inches with about 90 rainy days. In some islands, it reaches 100 inches,

Relative humidity is high in all the islands, ranging from 74:3 to 86-1 per cent.
During the premonsoon months, March to May, the climate is very oppressive
with high humidity. .

ADMINISTRATION.

Before 1957, these islands were under the Madras State and thereafter these
have been under the Central Government.

EDUCATION.

In recent years, elementary schools have been started in each island, which
are being upgraded to primary schools.
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One dispensary each is functioning in Kiltan, Amini, Agathi, Kavarathi,

Androth, Kalpeni and Minicoy. One medical officer for each dizpensary is deputed
annually, depending on the administrative convenience, either by the Kerala or
the Madras State. For organising public health measures, sanitary inspectots are
being posted for the first time.

HOSPITAL STATISTICS.

to 1987) in Amini, are depicted in Table 1.

Round worm, filaria and asthma cases, treated for five consecutive years (1963

Year.

Tancy L
Hospital figures.
NUMBER OF CASES ‘WITH
; Total cases Round worm. Filaria. Asthma.
treated T
{Number). Percentage Percentage Percentage
Number. | in relation { Number. | in relation | Number., | in relation
to total. to total. to total.
6,180 413 67 43 07 64 14
6,546 858 10-1 43 07 22 1«4
9,561 1,263 131 45 05 188 19
13,765 2,358 17.] 61 1) 185 1+3
5,410 586 1.8 1n 02 186 2.2

PREVIOUS SURVEYS.

Filaria survey of the islands was carried out by a team of the Government of
Madras in 1954-55 (Subramaniam et al., 1988), Their findings indicated that the
only islands that were non-endemic for filariasis, were Aminidivi, Kavarathi and
Minicoy. The parasitological and entomological data noted by them are depicted in

‘Tables I and 111,
TasLe II.
Results of the filaria survey carried out in 1954-55 : Parasitological data.
Percentage of the 1 1 00500 rate . Disease rate Endemicit
. . Yy rate
Name of the stand. total po;_m:a&u‘.mn (Per cent). (Per cent). (Per cont).
" Kiltan 87 8oé 55 T e
Chetlet 80 13 13.40 264
Kadamath 20 14 ! 7 2]
Aminidivi 10 0 I 0 0
Agathi 25 2 08 5
rathi 10 ]
Jﬁv‘;oﬂx 20+1 1819 | 29.7 478
Kalpeni 10 87 | 16.29 25.9
Minicoy 9.5 0 ; o 0
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Taere [l
Results of the filaria survey carried out in 1954-55 : Entomological data.
i ] A .
Species. | Kiltan. | Chetlet| Amini. | Kada~ | Agapni | Kavar- | And- g qpeq. Minicoy.
o8 fdtigéns 4 -+ - + + - R + -
G vishmg - + + - + + + - T
C. $ritaeniorhyncus - - — - e - - + S+
(i. cornutus --t - ---'ir - - + : ; :;*
Armegeres + - + -~ - +
obturbans

Acdes albopictus - — - + - - + 4*
Aedes edwardsi - — - +¥ - - - - 4+
A, varuna +4 +t — + 4t + +t - -
A, subpictus +1 - +1 - - + +1t + —
A, vagus - - -+ - - - 4 -
A, hyrcanus - - - - - - o+ -
A. barhirosivis - i = - - - — + -

= Pagilive.
— = Negative.
* Collection from the day-time resting places.
 Larval collections.

MATERIALS AND METHOD OF THE PRESENT SURVEY.

Hxcept Bitra, all the inhabited islands were surveyed. The time spent in
cach island, except in Androth and Minicoy, was invariably less than two days.
Night survey was conducted usually between 21:00 and 01-00 hours. A house-to-
house survey of the different representative areas of the inhabited portions of the
jslands was carried out, examining as far as possible all the inmates of the houses
{of all ages and both sexes).

From each person examined, about 20 ¢.mm. of blood, obtained from a prick-
ed finger, was made into a smear. The air-dried smears were stained with J.8.B.
gtain on the following day and examined.

In addition, a clinical enquiry was made fo elicit the presence or absence of
various disease manifestations and in houses, selected at random, people were
examined for evidence of lymphadenopathy.

During the day (between 7.80 a.m. and mid-day), mosquitoes were collected,
breeding places surveyed and the topography of the island and the filariogenic
conditions were studied, In Androth Island, the mosquito population was studied
between 6 p.m. and 6 a.m. by half-an-hour catches every hour. 'The resting places
of the mosquitoes were also recorded. The mosquitoes thus caught were later
brought to the field laboratory, identified and dissected for evidence of filarial infec-
tion in them.

In addition, two-hourly blood smears of 5 microfilaria carriers were collected
for a period of 24 hours from Androth Island to study the periodicity of micro-
tilariae,



269

i.ﬂ
*puepsy 1q3eBy o3 sBuojag,
I | s ¢ | ot | e 82 9o8°F * #8'0s | w0 pueny
"SPUBET 210 [ 0} PIeBax Ul SIBNOHIEY ()
»1 Foer | oa L ro | @ sl el | g0 A oL
20 e _ g - R 81 00 | g | heomgy
80 S a1 26 o 861 08% _ POV | TeIEARY
69 [ 1 0 i1 Bl 85z Wi | fuy
<(dnoIs AapUs MO} UON) SIEHLINRY JO] STRAPUS 3 UF Iy 03 Umowy J0U Spuelsr 1yl o, pavBar wr szeiionreg ()
g
= - R |
> gge 08 o | ooz ! e - e s weg 985' LRl [si0L
i 1 ; f -
a gz Q g1l | 001 ¢ s gn 6 | 1ue gr8 003'5 Tuadiey
. o1 : g 95 998 | 68 181 80z | g BLE'T 1e0°g yoIpuy
O 825 .ot get 1 gor © 97 151 8 ! e 813 - 950%g Ayiedy
808 : g o1 S I 28 SOBRL 18 1 gedt 99 - IR'I  miewepey
865 i ) - £ e 02 | 88T 881 366 PEYD
219 ; 11 __, LY _ 89 28 LT * P11 £l 3031 we3ry
. ' *uery Fr(iuso Xg) . {wuraggaad’ (s ag) ‘pauTUreXD
ﬁawwuuuun: . opqur pue | sy - PATN paqamy) ey ._oAE_..Z_ uoneindod  -pamIWERS e, dog vﬂua_wqa_a”“w
Anorwapuy 25EARID Yiog- : “Honesay jo . Iaqunpy 1o aureN]
ﬂ.auungz. -38VRENCT -uy 38eIaAYy *ROLLDZAN] omau:uouom ,

*spuepe; Jo dno2B SHUIPLD UMONY aq} ©F Predar U} sremonang (v}

'spumist tuaLafJip ay1 ur uoupisafiur aBpraav sys puv £nonuspua ‘aspasIp *uoydefut porionf fo g

Al T8V Y



270 Filariasis in Cenirally Administered Aréas.

Samples of water from two of the islands {Amini and Agathi} were collected
for estimating the fuorine content.

At Kavarathi, Androth and Kalpeni, some garden lzards and cats were
examined during the day-time for filarial infection,

RESULTS OF THE SURVEY.
{A) PARASITOLOGICAL AND CLINICAL OBSERVATIONS.

Altogether, 4,855 persons out of 20,849 (23:3 per cent of the total population)
were examined. The infection, disease (obvious swellings only)} and endemicity
rates, as also the average infestation pettaining to the different islands, are depicted
in Table IV, The endemicity rate was lowest in Kavarathi and Minicoy, being
below 1 per cent. In Amini, it was 59 per cent. In Kalpeni, Agathi and Chetlet,
it varied between 23 and 29'8 per cent. In other islands, viz.,, Kadamath, Androth
and Kiltan, the rates were 30, 41 and 615 per cent, respectively. Average number
of microfilariae per carrier in the six heavily infected islands varied between 23 and
82, The infection in all cases was W. bancrofti.

Data regarding infection, disease and endemicity rates, as well as the average
infestation in the various age-groups of the persons studied, in respect of the highly
endemic islands of Kiltan, Chetlet, Kadamath, Agathy, Androth and Kalpeni, are
depicted in Table V. It would be seen from Table V that a marked rise
oucurred in the infection rate with the age up to 20 years, and at the same time a
steep rise in this incidence was obvious in the age-group of “3 - § years”. Of
84 infants (below one year) surveyed in the different islands, no infection or
disease was noted. The average number of microfilariae per positive slide, which

TasLE V.
Prevaience of filarial infection, diseuse, endemicity and the average infestation
ameng different age-groups (both sexes) in the highly endemic group of islands
(Kdtan, Cheﬂet, Kadamath, Agathi. Androth and Kalpeni Islands).

Im?wmn g  Duseass.  © NomsER WITH %
T g T v S
Age-gmup & b ¥ ﬁs ta llfen i ‘ e B g
{Years). 58 ¢ 4 ! urnr & -2 te i E¥
L2 ! § (Per cent). ,,0 cp:f:m )., § (Per cent) Num-' Rate | 5
| & - - ber. (Per cent). &
-3 136 ; 50 37 . 8 | Y N 4ok
— 5 - 235, 42 179 37 : 8 34 - L. : s ;213
11 P48 68, 14k - 34 | 23 47T : 3 08 182
H—20 . 855, 184 | 19.2 35 l 129 151 1 22 2.8 3.7
41—30 , 87! 113, 142 43 253 . 208 ' 24 - 3.1 i 405
31-~40 465 i 83 1 13+ 46 ;145 81.2 . 22 1 4.7 400
£1--50 : BOB 53 17.2 45 89 289 - 5 16 E 1)
Above 30 Bll 23 | 18.3 68 T2 341 4 1.9 485
Tota} :3,480 ! 537 ; 164 | 237 700 20,1 . BO 2.3 33+
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was 9 in the age-group of “1 - 2 years”, showed a steady rise in the successive age-
groups and amounted to 68 in the oldest age-group “50 years and above”, Beyond
the age of 10, but up to 30 years, a marked and rapid rise in the disease rate
nccurred, On the whole, it can be generalised that the disease as well as the
endemicity had a progressive rise with advancing age. 23 per cent of the people
surveyed, had both infection as well as disease.
Data with regard to these details in respect of the Amini, Kavarathi and Minicoy
istands, which have low endemicity for filariasis, are depicted in Tables VI to VIIL.
Tasce VI,

Prevalence of filarial infection, discase, endemicity and the average infestation in
different age-groups, in Amini Island.

InrECTION. Disgask. . NumMner witg ¥
T e Avera_ge w0 e e BOTH DISEASE AND E:.‘:
8 infestation , - INFECTION. 2E
Age-group gi 8 (Number | 8§ i i 58
‘cars)- g g ! i Rate : per - ate | i L
Z9 ' 3 [{Pet cent). 20 c.omm, 5 I(Per cent), Num«. Rate _gd‘..’
¢z - of bloed).! 3 ! | ber. (Per cent). LE“"
(— 2 e . e i oen | D
35— 5 S S . B e .
8—I0 2 AT .- T e
F —20 ' N .. - | 1.3 i .. .e t 13
230 I O O B 8 1.6 i .. I
3140 % i .. .. D T . 2.9
4150 AT I | 56 S U ., &O
Above 56 L] o . - i 2 i 333 A RN | 333
- . - T T R L . . -
Total ‘e3 1 04 1 b1 /1S e | 5B
Type of digease ... Hydrocele,
Numbet L —er L ‘un i3,
Percentage in relation to the total with disease 100,

TaprLe VIL
Prevalence of filarial infection, disease, endemicity and the average infestation
in different age-groups, in Kavarathi Island.

1
‘ t Ineecrion. ! Dusease. | NompeEe witi -4
. . Average | BOTH DISEASE aND 5.1
59 jinfestation U inrgcTon. | DB
Age-group ag i (Number | ' —_— e, B 8
({Years}. 5 : Rate . per | + _Rate | H i 'E" .
) Zg ; {Per cent). 20 c.mm. ; (Per cent).:Num- | Rate Se
" of blood).: 'Z | ! ber. {Per cent). &
e e T e -~
t 2 S S N T B
3— 5 . 37 0 .. ! 'S . | . ' 1 ' l . ': aw
$—10 - SRR, . .e L, e Poee va i e
11—20 .88 0 1 BO - 12 i .. PR 10
21—30 17 S O O A O U R ..
21—e0 66 : .. . : . © . .. [ e o
41—60 . R O T | AL N EOUR 2.0
Above50 ¢ 82 ; .. - ' S l Lo b
Total a0 © 1, o2 | 12 2 04 .| .o, 08
* Relongs to Agathi.
Type of disease <. Right and the teft tower limb affection.
Number . 2,

Percentage in relation to the total with disease ... 100,
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TasLe VI,

Prevalence of filarial infection, disease, endemicity and the average infestation
in different age-groups, in Minicoy Island.

INFECTION. f Disgase. ! NumpER WITH -]
i o o n _in?:;’;:ig:n \ em =t e e |BOTH DISEASE AND ;"3
Aue-group -E.E ' -E “{Number g L ..Tiﬁcnom._m R
{Years). 58 B Rate = per ' Rate | i g Y
2 E 3  (Per cent}.: 20 c.mm. E (Per cent). Num-; Rate : Eg
A of blood). § Z | E ber i(Per eent).* 3\.0
e+ e ' | i X .
12 S U VRN O
3— 5 : 8 : .. | e f - . . ; . ! w 1 e
ﬂ""!o E 4’8 E “w i n ; . - - } LX) i ar - e
1u—20 Pe17 oL IO N 1* (% P
31—30 137 - . .- .- . U B L es
31—40 88 . .. . .. .. O
1150 .8l .. P S 1+ L8 | .| . | L8
Above 50 -T2 S oL 1% LI S i s
..... ! - el B B - : e
Total ' 850 i .. e 3 05 : A 2
. B Percentage in relation to
Type of disease. | Nember. ! the total with disease.
(i) *Hydrocele 2 66.7
tii} fLefi lower limb affected . 1 I a3.3

i

The relative prevalence of various disease manifestations in different age-
groups in the highly endemic islands, is depicted in Table IX which shows that
elephantiasis of the lower extremity/extremities formed the major proportion of
the disease manifestations, with hydroceles coming next. Many males in these
islands had elephantiasis of limbs and scrotum developed to huge sizes.

In the highly endemic group of islands, 11-43 per cent of the persons,
having one or the other disease manifestation (Table X), and 15+4 per cent of the
persons examined (Table V), harboured microfilariae.

Prevalence of lympliatic gland enlargement, detected on’ examination during
the night surveys, showed that in these highly endemic islands, about 45-1 per cent
of the persons surveyed had either groin or supra-trochlear glands enlarged,
whereas only 15'6 per cent had similar affection in the non/low-endemic islands.
No apparent difference could be found in the infection and disease rates among
persons with and without glandular enlargements in the highly endemic group of
islands. ‘ )

The youngest age at which infection was detected was ‘one year’, in two
children, one at Agathi and the other at Androth, Corresponding to this, the earli-
2st onset of disease manifestation (swelling) was observed in a male child, aged
2 years, in Agathi island.
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Tasrz X,

Relative prevalence of the individual disease manifestations and the extent of
concomitant infection in the highly endemic islands.

; BoTh SEXES :
Incidence of disease. ;i Cages showing microfilaria.
Disease manifestation. S— — . -
Percentage in relation ‘Percentage in relation
MNumber.  tothe total with  Number.' to the total with
: disease. ! : disenge.
s e ] .
Uppet extremity Y37 5-3 : T 8.4
Lower extremity . 48:0 ‘o2 F .08
Both extremities 52 T4 ' 3 L%
Hydrocele 214 808 87 113
Hydrocele and other swellings Bt 77 ! 4 743
Genital swelling 12 . 17 : 3 25.0
Chyluria - 0.4 ‘ . s
Total 700 100 8¢ ! 114

During the survey, the time when the houses of 3,384 persons were visited
for study, was recorded. Infection rate and the average infestation among these
persons, analysed according to the different hours of the night when the blood
smears were taken, are recorded in Table XI, No significant difference, either in
the infection or the average infestation, could be observed in the resulis obtained
at the different hours of the night up to 1 a. m., but during the next one hour
there was a slight but definite reduction in these figures, followed immediately (i. e.,
between 2 and % a. m.) by a sudden rise.

Tastr XI.

Prevalence of filarial injection und the average infestation
{per 20 c,mm. of blood) at diffevent hours of the night.

I}

FiLARIAL INFECTION,

- Number ! Avera

Time. A [ ge
examined. Rate  ‘ infestation.
:I Number, (Per cent).

8—%pm . 225 87 184 ¢ 38

010 p.m. 745 112 150 39

10—I11 p.m. THY : 128 16:1 38

1112 p.ro. 790 122 154 37

iZ po— 1 gum. Iri;” S 92 168 42

i 2 gum. 212 ’ 23 1.8 a4

2o 3 gaamhe 61 12 19.7 48

Total 3,384 ; 428 158 %

The results of examination of blcod smears, collected after every two
howrs, for a period of 24 hours, from the five microfilaria carriers (W. bancrofti)
from Androth Tsland, are depicted in Table XII and in Graphs 1 and 2.
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Grare 1.
Periodicity studies of W. bancrofti microfilariae carried out at Androth Istand (high counts).

CASE NO. 2 ... ...

30

CASE NQ 5. ...,

b

160+

140-

S z s z
& = =

POOIQ JO T 7 I3 FLIRGOIMNU JO INJRIN

20+

1000 1200 00 600 800

2000 2200 2400 0200 0400 0600 0800

Time thours).



Filariasis in Centrally Administered Areas.

276

Grars 2.

Periodicity studies of W bancrofti microfilariae corvied out at Androth Island {low counts}.
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In all the five persons, nocturnal periodicity of W. bancrofti was observed.
In three cases two peaks in microfilarial count were observed, and in two cases, only
one peak. The first peak occurred between 12 mid-night and 2 2.m., and the second
between 4 and 6 a.m. In three persons, microfilariae in small numbers could be
seen even during day-time. It may, however, be mentioned that the investigation
was made towards the end of Ramzan when the Muslims, for a period of about one
month, keep awake for most of the time in the night, and starve and sleep for
varying periods during day-time.

TanLe X1,

Microfilaria count of five microfilaria carriers, belonging to Androth Island,
taken at different hours of the day and night.

Cape i, = Case 2. °  Case 3. - Case 4 Case &

O . e T e e ————

Time. MF. count per | ME. count per Mf. count per - Mf. count per Mf, count per

0 c.anm. blood. 20 c.mm. blood. 20 e.mm. blood. 20 c.mm. biood. 20 c.mm. bleod
800 p.m. 9 i Negative | - 8 i 1 4
10:00 p.m. ; 7 : 1 15 . 13 . 6y
12400 mid-night 20 23 24 ‘ 10 , 147
200 awm. | 3 132 70 16 : 142
400 a.m, i 18 1% n as 120
&09 a.m. i 30 85 100 12 44
300 a.m. \ 1 20 21 25 46
30400 a.m. ; 0 &0 20 ] : 21
1200 noon 1 15 3 1 : 12
2.8 p.m 0 1 i 2 [t |
400 pm f ] 4 ! 0 0 0
800 P i ] 1 : 3 0 : 4

(B) ENTOMOLOGICAL OBSERVATIONS.

The species of mosquitoes collected from the various islands are depicted in
Table XIII.

The per man-hour density of various mosquitoes caught from the different
islands, and the results of dissection of C. fatigans are depicted in Table XIV.
The over-all infection rate in C. fatigans in the different islands ranged from 87
to 24-3 per cent. The average infection rate in C. fatigans for all the infected islands
was 16:7 per cent, )

The total number of C. fatigans caught during the different hours of the
night from three houses in the Androth Island, and the exact places from where
they were caught, are shown in Table XV. The maximum number of mosquitoes
caught, was between 2 a.m. and 4 a.m. About 50 per cent or even above 50 per
cent of the total catch between 12 mid-night and 6 a.m., was at the time when the
mosquitoes were actually feeding on persons sleeping indoor. Next to that, they
were caught from hanging materials (clothes and topes) and from walls up to 2
feet height,
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Ezcept in Amini, Kavarathi and Minicoy, the bathing tanks for women were
the most favoured breeding places of C. fatigans. Breeding in the shallow step-
wells was mostly Anophelines. Breeding was seldom observed in the deep draw-
wells, Culicine, Aedes as well as Anopheline breeding occurred in coir soaking pits.
In Amini, Kavarathi and Minicoy islands, no breeding of C. fatigans could be
detected during the present survey.

TaeLe XIIT.
Adult mosquitoes collected from the various islands.
{ - YL
SPE(:ies. . ] ‘= E ! . a E .g
.g 3 g - T - g ! § §'
i 3 A W R i 2
2. fatigans. " + — ! + L+ - % + ] e
. mishnut. [ — + 0+ [ + . —_ a—
¢, sitiens. [ — —_— = ] e e s — s— +
C. tritaendor- | : ; i : i
A hyncus. I _— 1 _— e~ e + -
THegeres i . !
obturbans. | - N T + - ¥ _
Lutzig. - i R — — o -
A. varuna. I —_— — P F = e + - —_ —_
A. subpictxs. |} 4 + l + } + b e + + + -

+ == Positive,
- o Negative.

{C) WATER ANALYSIS,

A sample, each of the drinking water collected from shallow wells at Agathi
and Amin: islamds, was tested at the Provincial Hygiene Institute, Uttar Pradesh,
Lucknow, for fluorine content, and was found to contain fluorine at the rate of 0+7
and 0-8 per cent., respectively.

(D) ANIMAL SURVEY.

The results of animal survey carried out in Kavarathi, Androth and Kalpeni
isiands are depicted in Table XVI.

Calotes versicolor was found infected in all the three islands, with a species
resembling C. guindiensis.

(E) SOCIO.ECONOMIC ASPECTS.

Particulars about the socio-economic aspects of the disease were collected
from a few filarial cases in Androth Island, Almost all the families had more than
one person affected with elephantiasis. All the patients complained about constant
worry and mental depression on account of illness, The number of days jost due
to illness, varied; depending upon the severity and duration of the iliness,
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In one case, as many as 168 days in a year were reported to be lost, Capacity for
work during periods, even when acute attacks were absent, was stated to be about
20 per cent only in some of the cases. Due to the fact that the disease is chronic
and widely prevalent among the islanders, they have become greatly apathetic.
Since many islanders are victims of the disease, no serious social stigma is attached
to the disease in this area. There was no evidence to show that the disease has
caused sterility. The mechanical obstruction to the sex life, as a result of elephan-
toid swelling of scrotum and penis, was complained hy some.

DISCUSSION,

Filaria is very highly endemic in six istands, i.e., Chetlet, Kadamath, Agathi,
Androth, Kalpeni and Kiltan, out of the nine islands surveyed. A comparison of
the results of the present survey with those recorded in the year 1954-55 (Subrama-
niam et al., 1958) indicates that the prevalence of the disease is on the increase in
all the islands. Subramaniam et al. (1958) considered the Aminidivi Island to be
free from filariasis. The present survey indicates that within a period of about
four years thereafter, this igland too has become filarious.

The bathing tanks for women and the coconut-husk soaking pits form the
main soutce of vector breeding in these islands,

It would appear from the present as well as the past survey that the Kavar-
athi and Minicoy islands have s0 far remained free from this disease.

Minicoy Island is the most distant one, with little communication and mixing
up of the population with the population in the other islands, C, fatigans has not
yet been introduced into this island. With favourable mosquito breeding places
available, and with the frequent boat service introduced by the present administra-
tion between this and other islands with the mainland would, it is felt, facilitate the
early introduction of the vector and filaria infection in this island also.

In the Amini Island, no C. fatigans was found during the present survey. As
there is already the indication that filaria is just establishing itself in this island, it
is likely that there are in all probability some untraced breeding grounds of
C. fatigans. The coconut-tusk soaking pits in Amini and Minicoy were found to
breed other culicines. Whether in this water collection C. fatigans also is breeding
or will eventually breed, is a thing that should be watched.

As was observed in the epidemiological investigations underteken previously
in the W. bancrofti areas ([yenger, 1938 ; Krishnaswami, 1955 ; Nair, 1860), the
findings of the present survey also showed a steady and progressive rise in the
infection rate up to the age-group “20-30 years.,” A distinct feature in this survey,
bowever, is the rise in the incidence of the infection rate from the age group 1.2
years” to the age-group “8-8 years™, which is quite rapid and pronounced.

In Asgathi Island, the prevalence of filaria in 1954-85 (Subramaniam et al.,
1958) was far less than what was recorded in the course of the present survey.



232 Filariasis in Centrally Administered Areas.

In this island, according to the present survey, 62-2 per cent of the people with
disease manifestations, suffered from hydrozele of recent origin. It tends to indicate,
therefore, that very active state of transmission of the disease has been occurring in
the tsland since recent years.

Night surveys, for epidemiological investigations, are generally carried out in
India and many other parts of the world between 8 p.m. and 12 midnight, and thus
the examination of the different individuals in the community is spread over a
period of 4 to 8 hours, At the same time it is to be remembered that due to the
nocturnal periodicity of W, bancrofti, a gradual rise in the microfilaria count in peri-
pheral blood is to be expected with advance of time in the night. Doubts are
likely to arise whether the results of surveys conducted in different areas within this
wide range of time are comparable or not, but the analysis made of the results
applicable to the specific hours within this range of time has not shown any definite
difference as compared to overall findings, and hence it is to be inferred that the
standard procedure followed in the time of survey in the pight is quite practical and
dependable. However, more investigations of this nature are to be carried out be-
fore arriving at a final conclusion,

Collection of mosquitoes, spread over one whole night, gave rise to a higher
catch of Culex fatigans after midnight and most of them invariably were collected
when they were actually feeding on humar: beings. The periodicity studies indi-
cated also an increase in microfilaria count more or less at this time.

The prolific breeding of C. fatigans in the highly endemic islands, the absence
of ammal population to provide alternative host for their blood feed and the recent
origin of the disease in these islands, are considered to be some of the factors res-
ponsible for the high degree of endemicity of this disease, observed during the
course of the present survey.

Microfilariae, resembling C. guindiensis, was detected from Calotes versicolor
from the Kavarathi Island. Culex fatigans is the main vector of this infection. But
in this particular island, no C, fatigans was found. It will be of interest to carry
out a detailed investigation to know about the actual vector species of the infection,

There is a general belief that the low fluorine content of the local water supply
favours the incidence of filariasis (Subramaniam and Srinivasan, 1955). In Aminidivi
Tsland, during the previous survey (Subramaniam et al,, 1958), there was no filarial
incidence, Samples of water from this island, as well as from the Agathi Islend, a
known filarial place, were collected and chemically analysed and no appreciable
difference in the fluorine content was found. This, therefore, does not seem to
lend support to the above mentioned theory,

SUMMARY.

Kiitan, Chetlet, Kadamath, Agathi, Androth, Kalpeni, Amini, Kavarathi and
Minicoy, situated in the Laccadive, Minicoy and Aminidivi group of islands, were
surveyed for filaria in the month of April, 1958, 4,860 persons, comprising
233 per cent of the total population, were surveyed. A very high incidence of
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filarial infection was recorded in the first six islands. In these six islands, infec-
tion, disease and endemicity rates were on the average 15-4, 20-3 ard 332 per cent,
respectively. The indices for the Amini Island were 0+4, 54 and 58 per cent,
for infection, disease and endemicity, respectively, The other two islands, ie.,
Kavarathy and Minicoy were found to be almost non-endemic for filariasis.

The prevailing species of infection was W. bancrofti, with €. fatigans as the
vector which were noted profusely breeding in tanks used by women for bathing
and in the coconut-husk soaking pits,

The epidemiology of filaria in these islands has been brought out. The period-
icity of microfilariae was worked out at Androth Island and was found to be noc-
turnal. Preferential feeding time of C. fatigans in the night was investigated. No
significant difference could be observed in the chemical nature of water with regard
to fluorine content in the low endemic island (Amini), and the highly endemic
island (Agathi), Calotes wersicolor was examined from three islands and found to
be infected in nature with a species resembling Conspicuium guindiensis. In the
Kavarathi Island, animal infection prevailed even though human infection was prac-
tically absent.
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FILARIASIS IN THE RURAL POPULATION ARCUND.
BHAGALPUR TOWN.

PART L
BY
B.K. VARMA¥*
N.L. DASSt

AND

V.P. SINHAY

[December 22, 1980.]

INTRODUCTION.

Unpxr the auspices of the National Filaria Coatrol Programme (Raghavan,
1955), the Filaria Control Unit, Bhagalpur, conducted a random filaria survey of
ten villages outside the Bhagalpur Municipal Area during the month of March,
1958,

The area undertaken for this investigation is a rural one, situated outside
Bhagalpur Town, on the south-western side on the bank of River Ganges and com-
prises approximately 4,626 acres in ten villages with a population of 7,726. Houses
are mostly mud-huts, with thatched or tiled roof. The sanitation of the area is
very poor. Sullage water, containing organic materials from houses, flows out
through small uncovered drains which end blindly. People defaecate in open fields
pear ponds, whereas the children defaecate on the sides of the drains or cesspools.
Socio-economically the area is poor,

HISTORY OF FILARIASIS,

Enquiries from persons, above 00 years of age, revealed that they had not
scen any elephantoid swelling before the World War II, though some cases, posi-
tive for both infection and disease, had been recorded (Korke, 1926) in this area.

THE SURVEY,

Raadom representative samples of the population, covering all age-groups and
both sexes, were examined In the ten villages. Records of daily visits were
maintained by trained survey party, The survey was conducted between 8-30 p.m,
and 11.30 p.m. Filaria! disease manifestations were recorded by enquiry and

" ¢Chief Malaria Officer, Bihar, Patna.
iFilaria Research Officer, Filatia Control Unit, Bhagslpur (Bihar).
tAssistant Entomologist, Filatie Control Unit, Bhagalpur (Bihar).

(285)
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examination of the affected part. Three to four drops of blood {about 20 c.rm.}
were obtained from the finger-tips of each individuel and a thick blood smear was
prepared. The thick blood smears were Jehaemoglobinised the following day by
tap water and stained by Leishman stain. The entire field of the smear was
examined, the speciea of microfilaria was Identified in each, and the number
present in the positive smear was counted.

In each of the ten villages sutveyed in this area, adult mosquito collections
were made from 7.00 a.m. to 10,30 a.m. from fixed catching stations which consist-
ed of human dwellings, cattle-sheds and mixed dwellings. Cesspools, tanks, ponds,
unused wells, pots and tree-holes and the clay-pots for domestic animal feeding, in
the area, were examined to detect mosquito breeding. The female mosquitoes
were identified and dissected for possible filarial larvae.

RESULTS.

Altogether 1,940 persons, forming about 25:1 per cent of the population,
were examined (Table ). The disease manifestations were noted in the form of
swellings of the limbs (upper or lower), hydrocele and genital swellings.

The microfilaria rate varied from 53 to 17.6 per cent, The average infesta-
tion of microfilariae per 20 c.mm. of the positive blood smears, in all age-groups
and sexes, was 11*7. The number of microfilariae per smear ranged from 1 to 58,

The data presented in Table II, and Graph 1, revealed a progressive rise of
infection rate and disease rate up to the age of 20 and 40 years, respectively, The
infection and the disease were low in children below 10 years. The infection rate
and disease rate were higher in males than in females. The youngest age at which
disease and infection were noted was 3 years in both sexes, and the symptoms were
in the form of periodical swelling of the lower limbs.

ENTOMOLOGICAL SURVEY,

The species of the mosquitoes collected and identified were :—
(i) Culex fatigans (Wied.).
{if} A. annularis (Van der Wulp).
(##9  A. vagus (Donitz).
{iv) A. stephensi (Liston).
{v) A. subpictus (Grassi}.
{vi) Armegeres obturbans (Walker),
The females of all these mosquitoes were dissected and examined to locate
¢he presence of microfilariae. Culex fatigans (Wied.) only exhibited the presence
of a1l the four developing stages of the microfilariae in the abdomen, thorax and

head/proboscis (vide details in Table III). Thus, Culex fatigans was the vector of
microfilaria here.
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Grary 1,
Incidence of filayia disease and infection, among both sexes, in the rwval popilation around
Bhagalpur Town.
& ™
m -
50 i

““'«.
e
1 et
30 4
T Y T L | | & 1) !
v 3 g -] [~ g
11 111 1 i
- -1 & - E
Age.group.

Dimase rate o mm e « JDfECtion rate




200 Filariasis Around Bhagalpur Toun.
GrarH 2.

Incidence of filaviasis in the rural population avound Bhagalpur Toun and disturcss Jrom
Bhagalpuy Town.

15 s

Rate per cent.
o
o
H

B SR 1 T T 1 1
2 4 i) 8 10 2 4

Distances, in miles, from Bhagalpur Town
Infection rate in both sexes.

Tasre 111
Infection in C. fatigans mosquitoes.
Fotal numberof ] Total number of Culex ﬁ:’!}gans Infection rate for all
Culex fatigans positive for all forma forms of microfilaria
dissected. microfilagia. {per cent).
223 11 449

The examination of the breeding places of mosquitoes revealed that Culex
fatigans was found to breed in domestic cesspools, uncovered stagnant drains,
unused wells, stagnant ponds and unused pots meant for feeding the domestic
animals.

DISCUSSION.

Filariasis is believed to be of recent origin in the areca. The disease had been
brought from the town and has gradually spread in these villages by inter-
communication. The history of the first case with elephantoid swellings can be
traced back to a decade,
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"The authors noted that none of the ten villages surveyed, was {ree from either
filarial infection or disease. The infection ranged between 5-3 and 17-8 per cent,
and the diseagse manifestation between 138 and 298 per cent (Table I}, Further,
they observed a progressive increase in the incidence of infection in villages
nearer the town (Tabic ], Graph 2). This observation showed that the filarial
endemicity decreased progressively as the distances increased from the centre of
Bhagalpur Town. But places like Akbarnagar and Rasidpur, situated 10 and 12:5
miles away from the town, showed higher endemicity as they were nearer to filarial
foci other than Bhagalpur Town, e.g., Akbarpur is situated only 6 miles to the east
of Sultanganj, a township with high filarial endemicity {Verma et al., 1960), Thus
the spread of bancroftien flariasis from the urban focus of Bhagalpur Town in the
peripheral rural areas was readily discernible. That the filarious towns form the
chief sources from which peri-urban areas slowly derive their complement of reser-
voirs of infection (by movement), as also adoption of urban ways of life add to the
mosquito-genic conditions, and such rural areas, in turn, become filarious, should
stimulate control measures primarily in the affected towns where bancroftian
filariasis is prevalent.

The infection rate increased progressively up to the age of 20 years, and later
on it was constant with minor fluctuations. Krishpaswami (1955) had similar
observations in Mangalore,

The filarizl disease rate was observed to rise progressively up to the age of
40 vears and thereafter it was on a decline (Graph 1). Farcoque and Qutubuddin
{1946), Krishnaswami (1955) and Kant et al. (1956) reported a progressive rise of
this disease up to the age of 50 years.

The disease rate (206 per cent} and the infection rate {14:3 per cent) in males
were slightly higher than in females* {20-8 per cent and 11-4 per cent, respectively).
MacKenzie (1925), Kant et al. (1956) and Baisas (1858) reported similar observa-
tions. Faroogue and Qutubuddin {1946) reported that microfilarial incidence and
disease rate showed no predilection for either sex,

SUMMARY.

This paper brings to light the following significant facts regarding the
incidence of filarial infection and disease among the rural population around
Bhagalpur Town,

Filarial infection and disease were present in all the villages surveyed.

The cumulative filarial disease rate was 238 per cent.

The cumulative filarial infection raie was 12-8 per cent,

The filarial endemicily rate was 281 per cent.

Of the total number of Culex fatigans dissected, 4-9 per cent showed natural
infection with microfilariae.

" *The disease manifestation, particularly in the genitals. iz not always declared by women.
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' The lowest age, at which filarial disease and infection were noted, was 3 years,
in both sexes.

The natural infection of Wuchereria bancrofti, the only species recorded, was
observed in Culex fatigans.

The microfilaria rates were observed to decline gradually from the urban area
towards the peripheral villages as the distances increased from the town, suggesting
thereby a spread from the urban focus to the rural areas.
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FILARIASIS IN THE RURAL POPULATION AROUND
BHAGALPUR TOWN.

Part I1.

BY
B.K. VARMA,*
N.L. DASS, T

AND
V.P. SINHA.}
IDecember 22, 1960.]

INTRODUCTION.

Unper the auspices of the National Filaria Control Programme {Raghavan
1855), the Filaria Control Unit, Bhagalpur, conducted 2 random filaria survey of
cight villages and the surroundings of Bhagalpur Town, outside the Bhagalpur
Municipality, during the months of July and August, 1958.

The area undertaken for this investigation is a rural one, situated at distances
of 2 to 5 miles from Bhagalpur Railway Station on its south-eastern and south-
western sides. The total population of these villages is 8,808. Socio-economically
the area is poor, and agriculture and cottage industiries form the main source of
livelihood. Of these villages, Sabour only has semi-urban facilities and the Bihar
Agriculture College is located here. The sanitation of the area is very poor, and
the waste-water drains flow through open drains which end blindly.

METHODS AND MATERIALS.

A parasitological, clinical and entomological survey of eight villages (Table I}
was undertaken, Random representative samples of the population, covering all
ages and both sexes, were examined in these villages. Three to four drops of
blood {about 20 c¢.mm-} were obtained from the finger-tips of each individual,
between 830 p.m. and 11 p.m. and thick blood smears were prepared. The
clinical records of the persons thus examined were maintained by the survey party.
The thick blood smears were dehaemoglobinised the following morning and stained
with either of the J.5.B. and Leishman stains. The smears were then examined
under microscope for the presence or absence of microfilaria. The species of the
microfilaria was identified and its number in each smear was finally countéd and

recorded.

e C-l-ig_e?i.&alari; %er. Bihar, Patna.“
# Filaria Research Officer, Filaris Control Unit, Bhagalpur {Bibar).
1 Assistant Entomologist, Filaria Control Unit, Bhagalpur (Bihar},
(293)
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In each of the eight villages surveyed, mosquitoes were collected from
random catching stationg—from human dwellings, cattle-sheds, and mixed dwell-
ing from 7 a.m. to 10-30 a.m. The mosquitoes thus collected were identified, and
the females dissected and examined to determine the vector species and the extent
of natvral infection in them,

RESULTS.

In the course of present survey, 1,342 persons, forming about 15-2 per cent of
the population of the eight villages, were examined (Table I}. None of the villages
was free from disesse and filorial infection among the inhabitants, The disease
was manifested in the form of hydrocele, swelling of limbs (upper or fower), and
genital parts and chyluria,

The data presented in Table II and Graph 1, revealed a progressive rise of the
infection and disease rates up to the age-groups “31.40 years” and “5l years and
above", respectively. The infection and disease rates were comparatively higher in
males than in females, The youngest pezson to show the infection and disease was
of 8 years and 7 years, respectively, both being girls. The average microfilarial in-
festation per 20 c.mm. of positive blood, in the community examined, was 19.
The microfilarial number per positive smear ranged between 1 and 46,

ENTOMOLOGICAL SURVEY.

An investigation into the mosquito fauna, in the villages under observation,
resulted in the identification of the following species 1=
i} Culex fatigans (Wied.).
(it} Anopheles annularis (Van der Wulp.}
{iti} A, Stephensi (Liston).
(iv) A. Subpictus (Grassi).
{(»} A. Vagus (Donitz).

The females of all the mosquitoes were dissected and examined for the pre-
sence of microfilaria in their bodies, Culex fatigans only exhibited the natural infec-
tion with Wuchereria bancrofti in all its developmental stages (vide details given
below). No others species of mosquitoes showed any stages of the microfilaria.

INFECTION IN C. FATIGANS MOSQUITOQES.

Number of Culex fatigans dissected =185,
Number of Culex fatigans positive for all forms of microfilaria=9,
Infection rate for all forms of microfiaria=4-8 per cent.
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DISCUSSION,

In the present survey, the authors have noted that all the eight villages
surveyed had the filarial infection and disease among their residents {Table I). The
infection and disease rates in these villages ranged between 28 per cent to 107
per cent., and 10-9 per cent to 30.1 per cent., respectively (Table I). Further, they
observed a higher incidence of infection in the villages comparatively nearer to the
town, with slight fuctuations (Table I, Graph 2). Similar observation have been
recorded in a previous paper of the present authors (Verma et al., 1961)

Girary 2.

Ingidence of filaviasis in the ruval population around Bhugelpuy Town and distances from Bhagalpur Town.
o ey
FLi g
5

I I T [ I I i

[ ] 2 3 & & G 7

<~  Distarce, in miles, from Bhagslpur Town. -»
Enfection rate both sexes.

The infection rate was observed to rise progressively up to the age 40 years
and thereafter it was almost identical (Table II, Graph 1).

Age-wise analysis showed a progressive rise in the disease rate up to the age of
“5) years and above”. Farooque and Qutubuddin (1846), Krishnaswami {1955), Kant
et ol. (1956) and Varma et al. (1961} had similar observations (Table II, Graph 1),

SUMMARY.

Filariasis was found to be prevalent among the residents of all the eight
villages surveyed.

The comulative filarial disease rate was 25-2 per cent.

The cumulative filarial infection rate was 4+1 per cent.

The flarial endemicity rate was 264 per cent.
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Culex fatigans only was observed as the vector of filariasis in the villages
under investigation, and 4-8 per cent of them showed infection with Wuchereria
bancrofti.

The lowest age, at which filarial infection and disease manifestations were
noted, was 8 and 7 years, respectively.

W, bancrofti was the only species of filaria recorded.
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PRELIMINARY STUDIES ON THE IN VITRO ACTION OF
POTASSIUM PERMANGANATE ON THE ADULT WORMS
AND MICROFILARIAE OF LITOMOSOIDES CARINIIL.

BY
.5, AHLUWALIA
AND
DALIP SINGH.

{Malaria Institute of India, Delhi.)
{Apeil 15, 1961.]

INTRODUCTION,

Cusmoriarrapy of flariasis is still in its infancy. Organometallic compounds,
cyanine dyes, and even the latest in the series, Diethylcarbamazine, have all got
their limitations. An ideal filaricide is yet to be found.

Anaerobic micro-organisms were reported to be adversely affected by a high
concentration of oxygen in their environment, and compounds releasing oxygen
had bacteriostatic effect on bacteria of this type (Goodman and Gilman, 19041), In
the U.8.8.R., intragastric oxygen is a recognised method for the treatment of
human ascariasis (Kravetz, 1954 ; Zaitseva et al., 1954). Action of potassium
permanganate on Ascaris lumbricoides was described by Vora (1960},

The effect of raised and lowered oxygen and carbon dioxide tension, on the
periodic migration of human and animal microfilariae, has been extensively studied :
“In patients infected with W. bancrofti the microfilarial count was rapidly reduced
by breathing of oxygen, by muscular exercise and by hyper-ventilation” (McFad-
zean and Hawking, 1956). In the case of L. carinii in cotton rats, high oxygen
pressure had no effect on microfilarial level, whereas with D. immitis and D, repens
in dogs a rise in the microfilarial count was caused by increase or decrease of the
oxygen pressure {Hawking, 1956). Edeson et al. (1957) have reported a faill in the
number of microfilatiae of B. malayi in man with the increase of oxygen tension
whereas no marked change appeared with increased carbon dioxide tension.
Preliminary results of in wvitro studies on the action of potassivm permanganate on
adult filartal worms and microfilatiae of L. carinii are reported here.

MATERIALS AND METHOD.

The experiments were carried out under aseptic conditions. Living adult
worms were removed, after autopsy, from the pleural cavities of cotton rats infected
with L. carinii in the laboratory. The worms were collected in sterilized physio»
logical saline at 27°C., and relative humidity of 68 per cent. For testing the effect
on microfilariae, infected blood drawn from the tail of a positive cotton rat was
aged.

(301
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Solutions of potassium permanganate in sterilized normal saline were prepar-
ed fresh every time and used in the dilutions of 1 in 1,000, 1 in 2,000, 1 in 4,000, 1
in 10,000, 1 in 20,000, 1 in 40,000, 1 in 100,000, 1 in 200,000 and 1 in 10,00,000.
Normal saline {20 c.c.) was used for the controls.

{#) EXPERIMENTS WITH ADULT L. CARINIL

For cach exposure, 20 c.c. of each of the solutions was used in petri dishes.
The worms were transferred to these petri dishes by dissecting needles.

In one of the experiments {Table I), twelve adult worms, both males and
females, were exposed to each of the following strengths of potassitm permanga-
nate : 1 in 1,000, 1 in 2,000 and 1 in 4,000, and also in the control. In the rest of
the dilutions, the number of worms varied from twelve to twenty. In the second
experiment (Table 11}, the number of worms exposed was seven in each strength of
the solution. The adult worms that appeared dead, due to loss of all motility
after exposure, were washed in mormal saline repeatedly and were observed in
normal saline separately for a period of three hours to see whether the worms
regained motility.

Taarz I,

Results of exposure of living adult filarial worms (Litomosocides carir.ii}
to different dilutions of potassium permanganate.

Serial Concentration of ! Number of Lethal period of
mber. potassium permanganate i adult worms exposure,
o . in normal saline. exposed. in minutes.
1 | S 1,000 12 1
2 1 2,000 es 12 8
3 1 3 4,060 12 B
£ i 10,000 12 to 20 10
5 1 = 20,000 12 to 20 32
a | 40,000 12 to 20 35
? 1 : 160,000 12 to 20 111
8 1 : 200,000 12 to 20 Al alive, and left oves-
it 1 & 10,00,000 12 to 20 night and found dead
10 Control in normal saline ' 12 next morning.
TaprLr 1L

Results of exposure of living adult filarial worms {Litomosoides carinii)
to different dilutions of potassium permanganate.

Serial . Concentration of P&Iu{nberof Lethal period of
potassium permanganate adult worms EXPOSUTe,
number. | in normal saline. exposed. in minutes.
] | S 1,000 . 7 1
2 1 : 2,000 - 7 2
3 t: 4,000 7 8
4 1 ;10,000 . 7 8
5 1 20,600 q 17
g 1 40,000 ki 22
7 I : 1,00,600 q 12
8 Control in normal saline i 581
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{6) EXPERIMENTS WITH MICROFILARIAE OF L. CARINIL
The experiment was carried out at 37°C. Blood was taken in citrated saline
(2 per cent) from the tail of an infected cotton rat. Al solutions were incubated at
37°C. for half an hour before use, The contro! was kept in one c¢.c. Tyrode solu-
tion to which one c.c. normal saline was added whereas ufl the other solutions
contained one ¢.¢. of potassium permanganate solution in nozmal saline and one ¢.c.
Tyrode solution so that the total volume in each case remaiped two c.c, (Fable I1I).

Tasce HI.

Results of exposure of microfilariae of L. carinii to different dilutions of
potassium permanganate in Tyrode solution,

Secial I t;:?o_ncentmtion of " Le!:llltz;lSB period of expostire
© potassium permangana to ium permanganate
numbes. ! in Tyrode solution. pe solutions.

1 i1 1,000 § minutes.

2 N 2,000 v, 10 minuies,

5 1 4,000 ven 30 minutes,

+ 1 o+ 1o,000 5 hours and 46 minutes,

3 i : 20000 .o | 10hoursand 3 minutes.

6 ] 40,040 oo | 27 hours and 35 minuteg.

7 Y s 00,000 vee | 27 hours and 15 minutes,

3 1 : 2,00000 o | 26 houre znd 3 minutes,

L The control was very active even after 28 houra.

Equal quantity of infected citrated blood, having sufficient number of micro-
filariae, was added to the control as well as to the selutions of potassium permanga-
nate. One"drop, each from the control as well as the different dilutions of potas-
sium permanganate, was examined separately under the microscope at different
intervals of time., The time at wbich all microfilariae died, indicated by loss of all
motility in each batch, was recorded (Table 111},

The time at which death of #il the adult worms or the microfilariae, as the
case may be, occurred, was taken as the lethal period of exposure for the particular
batch of worms or the microfilariae.

RESULTS,

In the dilutions from £ : 1,000 {0 § : 4,000, the adult worms became totally
inert and appeared dead within five minutes of exposure (Tables I, 11).

Worms expuged to the concentration of 1; 200,000 und 1 : 1,000,000 were
observed for a period of 105 and 101 minutes respectively {Table I} and then they
were left overnight along with the control. On the next morning, all worms were
found dead, including the control. From Tables I and II it is evident that the
lethal period of exposure varied with changing the concentration of potassium
permanganate and it increased with the increasingidilution.

In the second experiment, seven adult worms were exposed to the dilutions
of 1 : 200,000 and 1: 1,000,000 each. They appeared dead after 581 minutes of
exposure, indicating thereby that potassium permanganate was ineffective in these
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Jilutions during an observation period of 581 minutes because the control also died
in the same period.

The depth of colour, taken up by the worms, was proportional to the concent-
ration of potassium permanganate used. None of the worms regained motiltty
when kept in normal saline after exposure to potassium permangdnate, showing
that lethal effect of potassium permhanganate was irreversible.

In the case of the microfilarise 2lso (‘Table I}, it was observed that the lethal
period of exposure varied with the concentration of potassium permanganate used.
1 the dilution ! : 200,000 the microfilariae were found dead one hour earlier than
in the higher concentrations of 1 : 40,000 and 1: 100,000, In the 1: 1,000 and
1 : 8,000 dilutions, the action of potassium permanganate was most pronounced as
was also observed in the case of adult worins.

DISCUSSION.

The results recorded (Tables 1, IT and TII) indicate that potassium permanga-
nate was lethal to adult filarial worms and microfilariae of L. carinii of the cotton
rat. The lethal period of exposure was proportional to the concentration of potas-
sium permanganate used. Although potassium permanganate had in vitro lethal
action on the adult worms and microfilariac of L. carinii, further studies will have
to be carried out to elucidate whether the iethal effect of potassium permanganate
was due 1o the oxygen Liberated by it or the toxicity of high concentration of potas-
sium and manganese ions furnished by potassium permanganate in solution, or
toth. Potassium ions were found to effect the motility of adult worms of L. carinii
(Bueding. 1949) The effect of manganese could not possibly be ignored in these
studies because it has a lot to do in general with the activity of various enzymes
such as phosphatases, cozymase, carboxylase and cholinesterase. Effect of manganese
on the activity of arginase is of interest (Dei, 19041a : 1841b). Although Bueding
{1949) reported that fow concentration of manganese had no effect on the metabolic
activity of L. carinfi, production of AMC (acetylmethylcarbinol) by homogenates

of the filarial nematodes of L. carvinii was stimulated by manganese {Ber! and
Bueding, 1951).

Investigations may also be extended to the use and trial in wivo of other
oxidising agents and non-oxidising salts of potassium and manganese to find out
whether the adult filarial nematodes and microfilariae are vulnerable to such salts,
In case the salts are found to liberate oxygen, potassium and manganese iong
respectively at the site of the worms, their effect on the host cells would have to be
studied. It would be worthwhile to study the effect of injection of potassium
permanganate into the site of the normal habitat of the adult worms, such as the
pleural cavity in the case of cotton rat. Further studies in wivo and also in vitro on

the trials of other oxidising agents, non-oxidising compounds of potassium, manga-
nese and allied organic compounds, are in progress.
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SUMMARY.

Action of potassium permanganate solution in witre on adult filarial worms
and microfilariae of L. carinii of the cotton rat was studied.

The lethal effect of potassium permanganateé was quite pronounced. The
lethal period of exposure was proportional to the strength of potassium permanga-
nate solution. The in vitro action of this drug was more pronounced on the
adult worms than on their embroys.
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STUDIES ON THE IN VITRO ACTION OF POTASSIUM PER-
MANGANATE ON THE ADULT WORMS OF DIROFILARIA
IMMITIS, MICROFILARIAE OF DIROFILARIA REPENS AND
DIROFILARIA IMMITIS AND OF HYDROGEN PEROXIDE
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INTRODUCTION.

Tw an earlier communication (Ahluwalia and Dalip Singh, 1961}, the action of
potassium permanganate in vitro on L. carinii, the filarial parasite of the cotton rat,
was described. The lethal effect, produced on the parasites by potassium per-
manganate, seemed primarily attributable to the oxygen liberated by potassium
permanganate in solution. The studies were extended to observe the action of
potassium permanganate on the heart wortms, D. immitis, of dog and also on the
microfilariae of D, repens and D). immitis.

In order to determine whether the lethal action of potassium permanganate
on L. carinii was due to the oxygen liberated by it in solution, in vitro studies were
extended to the adult worms of L. carinii using hydrogen peroxide as the oxidising
agent.

MATERIALS AND METHODS.

(¢} IN VITRO EXPERIMENT WITH D. IMMITIS, THE ADULT FILARIAL
HEART WORM OF DOG.
Living aduit worms (D. fmmitis) were removed from the heart and superior
vena cava of an infected dog at autopsy. The worms were collected in sterile
physiological saline at room temperature.

Solutions of potassium permanganate were prepared fresh in sterile normal
saline and used in the dilutions of 1:1,000; 1:2,000 and 1:4,000. Three
worms were transferred by digsecting needles to petri dishes, each containing 20 c.c.
of each of the dilutions of the solution. The control was set up with 20 c.c, of
normal saline (Tabie I}

(307)
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TasLe L
Results of exposure of living adult filavial worms (D, immitis} to different dilutions of
polassium permanganate.
Concentration of ' .
Serial | potassium perman- | Number of adult Lethal period of
number. | ganate in notmal |  worms exposed. exposure.
saline.

3 3 : 1,000 l 3 7 minutes

2 12,000 i 3 15 minutes

3 1 ;4,000 ! 3 36 minutes

4 Centrol in notmal | 3 ¢ hours and 50

saline. | minutes.

The adult worme, which appeared dead after exposure to various solutions
of potassium permanganate, were washed in normal saline repeatedly and in each
case were kept separately in sterile ohysiological saline for observation over a
period of twenty-four hours to see whether the worms regained motility.

{b} IN VITRO EXPERIMENT WITH MICROFILARIAE OF D. REPENS AND
D. IMMITIS.

The experiment was carried out at 37°C. under aseptic conditions, Solutions
of potassium permanganate were prepared fresh in sterile normal saline and used
in the dilutions of 1: 1,000 ; 1:2,000; 1 : 4,000 ; 1 : 10,000 ; I : 20,000 ; I : 40,000;
1 :3,00,000 ; 1:2,00,000 and 1 : 10,00,000,

Blood was taken separately in 2 per cent citrate saline from the ear lobe of a
dog infected only with D. repens, and a second having mixed infection of D, repens
and D. immitis. Infected blood, as well as the otber solutions, was incubated at 37°C.
for forty-five minutes before use. The solution for the control experiment was
one ¢.c. of Tyrode solution to which one c.c. normal saline was added whereas all
the other solutions contained one c.c. potessium permanganate solution in normal
saline and one c.c. Tyrode solution so that total volume in each case remained
two c.c. Equal quantity of infected citrated blcod, having sufficient number of
microfilariae, was added to the control as well as to the different strengths of potas-
sium permanganate solution. One drop from the control, and also from the rest of
the dilutions of potassium permanganate, was examined separately under the
microscope at different intervals of time.

(&) IN VITRO EXPERIMENT WITH HYDROGEN-PEROXIDE ON ADULT WORMS OF
L. CARINII.

Living adult worms of L. carinii were taken out of the pleural cavities of
albino rats with mite-induced infection {Ramakrishnan, Dalip Singh et al., 1560).
After washing in physiological saline, the worms were transferred to different
dilutions of hydrogen-peroxide in normal saline. For each exposure, 40 c.c, of
each of the solutions was used (Table {I). The controls were observed in normal
saline, The worms that appeared dead, were taken out, washed and kept in normal
saline ip order to see if they regained motility.
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Tasce Ll

Results of action in vitro of different dilutions of hydrogen-peroxide on living
adult worms of L. carinii.

1 T
qeeini | Concentration of | Lethal period of

uf;:;ﬁr i hydrogen Tero:ude E Nﬁgb:‘; ofad‘:ilt exposure,
1 hotma salme | xpose in minates.

1 | 10 per cent S 5 3

2 5 per cent 5 [

3 ! 23 per cent [ 8

4 1 0-125 per cent 8 13

b 0+002 per cent i6 18

The time at which death of all the adult worms or the microfilariae, as the
case may be, occurred, was taken as the lethal period of exposure for that particular
batch of worms or the microfilariae.

RESULTS.

In the dilutions of 1 ;: 1,000 ; 1: 2,000 and I : 4,000 of potassium permanga-
nate, the adult worms died after 7, 18, and 35 minutes of exposure, respectively,
and the control batch lived up to a period of 9 hours and 50 minutes {Table I).

From Table I, it is evident that the lethal period of exposure varied with the
concentration of potassium permanganate, i.e., it increased with the increasing
dilution.

The worms became deeply coloured and appeared to be charred after expos-
ure to potagsium permanganate. None of the worms regained motility when kept
in normal saline, and their death was confirmed.

In the case of the microfilariae {mixed infection of D. vepen and D, immitis),
potassium permanganate had no effect in any of the dilutions up to an observation
period of three hours after exposure. Inthe case of the microfilariae of D. repens
(single infection) also, the microfilariae Temained active till 23 hours of exposure.
Those in the control set up were found to be active even up to a period of twenty-
seven hours ; observations were not continued after this time. It would appear
that potassium permanganate is ineflective on the microfilariae of D. repens and
D. immitis, Had potassium permanganate been effective, if not in the lower dilu-
tions, at least in the higher concentrations such as 1: 1,000 ; 1 :2,000and 1: 4,000
the lethal time period would have been within reasonable limits,i.c., 30 to 40
minutes or so as observed in the case of microfilariae of L. carinii {Ahluwali_a' and
Dalip Singh, 1981 loc, cit.).

From Table I}, it is clear that the lethal period of exposure increased with
the increase in dilution of hydrogen-peroxide. None of the worms regained
motility after washing and remaining in normal saling
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Worms in the control observations (in normal saline), however, were active
Juring an chservation period of six hours.

DISCUSSION.

The results recorded (Table I} indicate that in vitre, potassium permanganate
was lethal to living adult worms of D. immitis of the dog. The lethal period of
exposure varied with different concentrations of potassium permanganate, i.e., it
increased with the incteasing dilutions. It was found to be ineffective on the
inicroflariae of D. immitis as well as on the microfilatiae of 2 mixed infection of
D, repens and D. immitis.

The inefficacy of potassium permanganate in vitro towards the microfilariae
of D. immitis and D. repens, and its effectiveness towards the microfilariae of
L. carinii, may be due to the difference in the physiology of the microfilariae,
This will have to be elaborated by further work. :

However, the present work was not undertaken to establish potassium per-
manganate or hydrogen-peroxide as an antifilarial drug by itself, but it was carried-
out to provide a line of search for oxygen and oxidising agents in their different
forms to be tried as potential antifilarials,

Tt is evident from the present studies that potassium permanganate is lethal
16 the adult worms, D. immitis, of dog and adult worms of L. carinii {Ahluwalia
and Dalip Singh, 1981 loc, cit.). It was in view of this that the in witre action
of hydrogen peroxide, on the living adult worms of L. carinii, was also tried. It
is evident from the results in Table II that hydrogen-peroxide, like potassium
mermanganate, also killed the adult worms. This showed that oxygen, liberated
by either of these two compounds, when in contact in vitro with adult filarial worms,
has definite Jethal action on the latter.

It would also appear that the concentration of oxygen in the heart blood of
dogs is too low to damage the adult worms (D. immitis) and, therefore, the extra
oxygen supplied by potassium permanganate bad lethal effect on the worms. It
is also possible that one of the causes of the mortality of the aduit worms of dog
may be the interference by oxygen with the carbohydrate metabolism of the
parasite, To our knowledge, carbohydrate metabolism of D. immitis has not been
studied so far whereas it hag been in the case of L. carinii (Bueding, 1949). Further
studies in vivo as well as in vitro on the action of other oxidising agents, allied
organic compounds and non-oxidising compounds of manganese and potassivm,
on worms and host cells, are in progress.

SUMMARY.
In vitro action of potassium permanganate solution on aduit filarial worms of
D. immitis, and on microfilariae of DD, immitis and D, repens of dog, was studied.

In the case of the adult worms of D, immitis, the effect was quite pronounced,
The lethal period of exposure was proportional to the strength of potassium



Dalip Singh and G. S. Ahkluwalia. 311

permanganate solution used, Potassium permanganate was inactive against the
microfilariae of D. immitis and D. repens of dog.

Hydrogen-peroxide was found to bave pronounced in vitre lethal action on
the adylt filarial worm, Litomosoides carinii, of the albino rat.
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CULICINE FAUNA OF GORAKHPUR DISTRICT
(UTTAR PRADESH).
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fJuly 31, 1961.}
INTRODUCTION.

Toe District of Gorakhpur occupies the north-east corper of Uttar
Pradesh. The northern border of the district is 2 moist and unhealthy tract, known
as Tarai, on the south of which is a stretch of forest land. The open plain country
forms an apparently level tract which, in reality, slopes gently from north-west to
south-east. The Rapti, Rohin and Ami rivers run across the district while the
Kuwan River cuts the south-western portion. There are large perennial lakes Like
Ramgarh Tal, Chillua Tal, etc., in the district. The subsoil level is high at places,
being 8 to 10 feet.

Great extremes of heat and cold are rarely experienced in the Gorakhpur
District. The maximum and minimum temperature is 88°F. and 66°F., respect-
ively. The rainy season extends from the end of June to September. The average
annual rainfall is 57-8 inches, and the relative humidity ranges from 55 to 98
per cent.

Presence of forests in a large measure is responsible for the abundance of
rainfails which, in combination with the effect of rivers and a remarkably high
water level render the soil damp and the climate moist,

The population of the district is 2,378,077 (1951 census) while the area of the
district & 2,437 sq. miles.

in the rural area, there is no drainage system, due to which there exist
various types of water collections such as pond:, cesspools, kutchha drains, etc, In
the urban area, the drainage system is impesfecr, leading 1o the collection of,
sullage and the ablution water stagnating in cesspools and pits, forming ideal
breeding place for culicine mosquitoes. Besides there are a number of big nalahs,
and ponds with water hyacinth, which also provide breeding grounds for culicines
mosquitoes,

* Deputy Director, Maiériolog};b;t_ir Pr-;des_h_

T Assistant Director, Malaticlogy, Uttar Pradesh.

1 Aesistant Entomologist, Malariology, Uttar Pradesh,
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METHODOLOGY.

Routine and random collections of adult mosquitoes were carried out during
the period January, 1988, to June, 1960, in the entire district (Map 1) to determine
the prevalence of various species of culicine raosquitoes. Collections were made
with the help of suction tube, aided by torch, between 7 a.m. and % a.m.

For routine collections, 60 catching stations, comprising 20 each of human
dwellings, mixed dwellings and cattie sheds, were established. Random collections
were made from different types of dwellings, outdoor places, forests, mango groves,
ate.  During indoor collections, special attention was paid to the dark corners of
rooms, inside of dung-cakes, fire-wood, hanging objects, earthen pots, etc. During
outdoor collections, attention was paid underneath leaves of grass, water hyacinth
leaves, and particularly among bushes.

To find out the breeding places of different culicine mosquitoes, larval
collections were made from ponds, cesspools, septic tanks, stagnant water around
wells, unused wells, irrigation channels, river-heds and crevices of the side-walls of
running drains, etc., with the help of larval net of ten inches diameter, laddles of
three inches diameter and wellnets, Larval collections were also made from various
ponds and water coliections containing Pistia stvatiotes and water hyacinth,
Hatching of larvae was carried out in the laboratory to confirm the breeding places
of different species.

OBSERVATICNS.

During the present study 1,10,791 mosquitoes were collected, out of which
77,807 were culicines and 33,184 anophelines. Out of 77,607 culicine mosquitoes
collected, 48,114 were female and 29,493 male, Identification of the species has
been confirmed by the Malaria Institute of India, Delhi. Table 1 gives the
monthly collection of different culicine mosquitoes,

‘Table T shows the prevalence of Culex fatigans, Culex vishnui, Culex bitaeni-
orhynchus, Culex gelidus, Culex {Lutzia) fuscanus, Mansonioides_annulifera, Mansoni-
sides uniformis, Mansonioides indiana, Mansonia crassipes, Aedes albopictus, Aedes
aegypti, Aedes (stegomyia)-w-albus, Aedes (christophersomyia) thomsoni, Aedes
pallidostriatus, Aedes lincatopennis and Armigeres obturbans in the Gorakhpur
District. It is also evident from Table I that the peak period of the Culex species is
in the months of March-April and September-Cctober, while those of the Mansoni-
pides species and Aedes species in the months of November-December and July to
September, respectively.

Varjous species of culicine mosquitoes collected were anzlysed for their
extent of prevalence, which is set out in Table II.

It is seen from Table II that the most prevalent specizs in whole of the
district is Culex fatigans, the percentage of which is 90-44, and next comes Culex
vishnui,
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Map of Gorakhpuy District, Ustar Pyadesh, showing areas where mosguito collections were made.
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TaABLE

Monthly collection of culicine mosquitoes for

MName of species

1958

Culex Jbigans

Culex vishnui

Armigeres obturbans
Mammsonicides annulifera

1959

Culex fatigans

Culex vishmii

Culex (Lutzig) fuscanus
Culex bitaemiorhynchus
Culex gelidus

Aedes aegypti

Aedes i

L]

g:g:: g::;:lidost;iatus i) the

ristopiersomyia) Lthomsoni
Aedes-w-albus
Aedes lincatopennis
Mansonioides anmudifera
Mansonioides uniformis
Mansonigides indiana
Mansonia crassipes
Armigeres obturbans

1980

Culex jatigans

Cuelx vishnui

Culex {Lyt=ia) fuscanus
Mansonioides annilifera
Culex bitaeniorhynchus

Aedes pallidostriatus
Armigeves obiurbans
Cedex gelidus
Monthly total of all species durin
ohservation period of January to June,

the
fost.

January, February.
M| F|IMIF M{F iMI!F
1,204 11,790 ; 599 {1,382 ;1,323 11,845 {2,408 (2,850

45 8 50 50 100§ 120 125 175

.. 3l .. 2 2 [}] 3 7
ol - _ T 12 3 5
848 (2,020 | 590 [L,083 |1,415 (2,142 {1,887 {3,315

44 74 85 70 g8, 162 | 128 187
.n 1 . .- 2 5 L] T

14 in 8 12 15 29 21 28

7 i3 8 2 19 31 22 ”w
3 1 . . .e . . ..
7 3. 12 28 | .. ‘e v i as
2{ 8! .. 30 .. o]l
AU RS EEDOR B A DR B
7 & .. o . 8 12
3 15 e e e .s e b
1 I ‘e . . s 1 2
. 4 8 12 4] 14 15 m
I 2 s 1 ¢f 9
i

42 ; 283 | 1243 441 ) 1251 4171 264 |1,080

13 27 14 81 3z T 45 97
.. .- | e é 2 [

4 18] . 4 I 9 ‘e &
. 4 8 i 7, 18 14 16
2 8 .. .e . . R .
.. 7 2 E 7 8 12

- & 2 4 . .. -
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LR P e e Tet s
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61| 330 145 | 400 ¢ 182 551 | 842 ;1,253

T M=Male.
FwFemale.
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I.
the period January, 1968, to June, 1960,

MonTHS

May. | June. July. August. | Septemnber. | October. |Movember. | December.
- . - —_ ——
b
.Y 3 F 1 M : F MI P IM}| F M F M F I{M| F M| F
R R 5.___ ey mm e [ e | e e et e e - ——h
i H
i ;
1,061 11,692 | 874 11,738 1943 {1,885 1684 [1,462 {1,212 {2,907 {3,234 |1,306 ‘000 |2,112 462 13,811
51 80| 24: 76 |25! 69[95| 48{ 15| 196 184 | 246 70| 56 46| 84
o 2 e . . . ‘e 2 ki 2 8. 8 . 2
A R OO (PO P S N 2:15! 27{21| 29

3
(=3
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g
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Tanre 1.
Percentage of various species of culicines collected.

Percentage in
. Total number :
Name of the apecies. relation to the
collected. total collection.
Culex fatigans 70,188 pO-44
Culex vishnui e 4,617 5}
Culex bitaeniorhynchits 854 0-44
Culex gelidus e 278 0-36
Culex (Lutsia) fuscanus o 43 005
Mansonioides annulifera 328 Ged2
Mansonivides uniformis - 280 0038
ganmda wdiana Pizg g{;iz
Aedes albopictus 714 0-82
Aedes aegypti . 111 0:14
Aedes (christophersomyia) thomsoni .. a7 012
Aedes pallidostriatus 101 0-13
Aedes (stegomyia)-w-albus 99 0.12
Aedes lincatopennis 8 0400
Armigeres obfurbans s 136 027
‘Total 71,607 | e

RESTING HABITS.

During indoor collections of adult mosquitoes, the culicine species found were
Culex fatigans, Culex vishnui, Culex bitaeniorhynchus and Mansonioides annulifera.
During outdoor collections, the species found were Culex gelidus, Culex vishnui,
Culex bitaeniorhynchus, Mansonioides annulifera, Mansonioides uniformis, Mansoni-
vides indiana, Mansonia crassipes, Aedes albopictus, Aedes aegypti, Aedes pallido-
striatus, Aedes thomsoni, Aedes lincatopennis and Aedes-w-albus.

The Culex fatigans has been found to be entirely indoor rester while Mansoni-
oides uniformiz and Aedes species as entirely outdoor resters,

FEEDING HABITS.

Precipitin tests of 460 blood meals from different species of Culicine
mosquitoes were carried out at the Malaria Institute of India, Delhi. Table I1I
depicts the result of precipitin test.

TasLe III.

Result of precipitin test.
' ; Number of NUMPER POSITIVE FOR 3
Name of species. i blood meals
tested. Human. Bovine. Dog. Pig. QGoat,
Culex fatigans . 430 258 85 2 .s 3
Culex ﬁum: on 8 1 & .. s .
Mansonicides annulifera ... 13 ] 4 . .o we
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Qut of the 439 blood meals of Culex fatigans tested, 238 gave a positive
reaction for human blood, the anthropophilic index being 533 ; thereby pointing to
high potentiality of active transmission of filariasis.

BREEDING HABITS,

Hatching of 3,508 culicine larvae, collected from various breeding places, was
carried out, out of which 800 Culex fatigans. 10 Culex vishnui, $5 Culex biraenior-
hynchus, 5 Aedes aegypti, 2 Aedes pallidostriatus, 80 Aedes albopictus, 50 Mansonioides
annulifera, 42 Mansonioides uniformis and 16 Armigeres obturbans hatched out,

In rural areas, Culex fatigans has been found breeding in aimost every type of
stagnant water collection contaminated with organic material, the most favourable
sites being bousehold drains, cesspools and earthen pots. Intensive breeding of
Culex fatigans has been observed in effluent water of sugar mills, discharged in
open fields, When denied dirty water, it has been observed that Culex fatigans
breeds in clear water like pools, river-beds, etc. Breeding of Culex fatigans has
been rarely found in tree holes, junglepools or river-bed pools far from the human
habitations {Barraud, 1934),

In urban areas, most of the houses have cesspools and soakage pits which get
clogged and do not function for more than six months or a year, depending on the
quality and guantity of the sullage which they receive. Most of these are exposed,
or loosely covered with slab or stones. Intensive breeding of Culex fatigans and
Avmigeres obturbans was observed in earthen-pots used for leather tanning, which
had been left unused and from which water had not been changed periedically,

Mansonioides annulifera and Mansenioides uniformis have been found breeding
in ponds containing water hyacinth and Pistia stratiotes. Presence of these plants
and organic contamination of the water has been found essential for the prolific
breeding of Mansonioides spp. (Iyengar, 1938),

Larval density of Culex spp., as well as of Mansonioides spp. has been noted
to he reduced following heavy rainfall, which seems to be due to the lowering of
the organic contamination (Iyengar, 1938},

Breeding of Aedes aegypti, Aedes albupicius and Aedes-w-albus has been noted
in earthen pots, tree-holes, discarded tins, broken bottles, flower pots, and cut ends
of bamboos. Breeding has not been found in any natural collection of watet.

Anrmigeres obturbans breeds in enormous numbers insmall pools, earthea drains
grossly contaminated with urine, and in drains along which the blood from the
slaughter houses flows.

Breeding of Culex vishnui and Culex bitaeniorhynchus has been noted in rice-
fields, ponds and ditches,
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SUMMARY.

A survey was conducted in the Gorakhpur District from January, 1938, to
fune, 1960, to determine the prevalence of various species of culicine mosquitoes,

The climate of the district is favourable for the breeding of culicine mosqui~
toes, the masimum and minimum temperature being 88°F. and 66°F., respect-
ively, the average annual rainfall being 57-8 inches, and the relative humidity
ranging from B8 to 96 per cent.

Drainage, both in rural and urban areas, is very defective, leading to the
formation of cesspools, pits, ponds, tanks, stagnant pools and blocked drains, which
provide ideal breeding grounds for culicine mosquitoes,

The species of culicine mosquitoes found in the Gorakhpur District are Culex
fatigans, Culex vishnui, Culex bitaeniorhynchus, Culex geliduz, Culex (Lutzia)
fuscanus, Mansonioides anvulifera, Mansonioides uniformis, Mansonioides indiana,
Mansonia crassipes, Aedes albopicius, Aedes aegypti, Aedes (christophersomyia)
themsoni, Aedes lincatopennis, Aedes (stegomyia)-w-albus, Aedes pallidostriatus and
Armigers obturbans.

Amongst culicines, the most prevalent common species of the Gorakhpur
District is Culex fatigans, its percentage being 00-44,

Precipitin tests of blood meals, from 460 mosquitoes of various species, were
carried out. The anthropophilic index for Culex fatigans is 583 which points to
high potentialily of active transmission of filariasis.

The resting and breeding habits of various species of culicine mosquitoes
have been studied,
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STUDIES ON CULICINE MOSQUITOES.
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Tie question of longevity of mosquitoes, particularly the vector species, is
of great interest from the point of view of epidemiology of mosquito-borne diseases.
Among other factors, the efficiency of a given species, as a vector, depends on the
frequency with which individual mosquitoes live long enough for the completion
of the extrinsic incubation of the pathogen transmitted. The longevity of natural
populations of mosquitoes has been determined, (i) by releasing marked specimens
and subsequently recapturing them {Afridi, Majid and Shah, 1940 ; Russell and
Rao, 1942) ; (ii} by determining the number of ovipusitions completed by females
in a population at the time of capture {Polovodova, 1948} ; and (iii) by studying the
survival rates under laboratory conditions (Majid and Sinton, 1933 ; Kershaw et al.,
1954). The published data on the longevity of mosquitoes have been summarised,
among others, by Majid and Sinton (1933}, Sinton and Shute (1938), Russell and
Rao (1942). Boyd (1949) and Detinova {1959). Sinton and Shute (1938 loc. cit.} list
four factors that can conceivably influence longevity of mosquitoes in nature, These
are :

=
=

Characteristics of the mosquito species ;
Activities of the individual mosquito ;
Climate ; and

Col I

Incidence of parasites and predators.

In nature, the same species will live for different periods under different
ecological conditions which will vary from season to season and year to year.
Therefore, longevity characteristic of a species can be understood better under
laboratory conditions. The data thus collected will facilitste preparation of life
tables for a species under given conditions. Information on the number of deaths
for each age-interval, the numberx of survivors, the rate of mortality and the expect-
ation of further life, can be forthcoming from such observations.

(321)
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The present paper deals with the observations made during February, 1958,
to June, 1959, on the survival rate and life expectancy of Culex fatigans; vector of
Wuchereria bancrofti, under specified laboratory conditions.

METHODS.

All these experiments were carried out in the basement insectary of the
Entomology Section of the Malaria Institute of India. The temperature in the
insectary is maintained at 75° to 78°F., and the relative humidity at 78 to 82
per cent.

A laboratory colony of Culex fatigans {Delhi strain} has been maintained in
the Fatomology Section since 1948, Pupae from this colony were isclated in
specimen tubes (3 inch X1 inch) provided with cotton wool plugs. Adults, emerg-
ing from these pupae during a single night, were collected for conducting these
experiments,

Daily mortality rate of female mosquitoes was observed under three condi-
tions 1 —

{z) blood-fed and fertilized ;
i{b) blood-fed and unfertilized ;
{¢) glucose-fed and fertilized,

In cases of ‘a’, and '¢’, groups of 30 to 100 females and 3¢ to 75 males were
kept 1ogether in regular wire-frame mosquito cages of 1 ft. cube. In case of ‘P,
only the females were kept in such a cage, The daily mortality of males in cages
‘o’ and ¢ was recorded and the data were used for making life tables for males,
Bulbul* was the source of blood-meal for obsetvations under ‘2’ and ‘b’. The bird
was introduced in the cage every e¢vening and was removed in the morning till the
jast female died. Cotton pads, moistened in § per cent glucose solution, provided
noutishment for the males {a, ¢), and females in series '¢’,

The cages Were inspected everyday for the dead specimens and daily mortality
was recorded. A small enamel bowl (4 inches diameter), containing water, was
introduced in each cage three days after the start of the experiment to provide a site
for oviposition,

The observations were repeated ten times during February, 1958, to June,
1959, The data in each experiment indicated the same trend ; thercfore the data
were pooled together and complete expectation of life for males and for females
was worked out by standard statistical methods. Tables were constituted to give
ihe following information i—

1. Number alive at the beginning of each day {Ix).

* Molpastes haemorrhous haemorrhous.
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2, Number Jdying in the age-interval x to x4 1 {dx].

3. Proportion dying at the beginning of each day (gx).

4, Average number of days lived through the age-interval x to x+7 (Lx).

5. Total number of days lived by Lx mosquitoes (Tx).

8. Complete expectation of life 2t age x in average number of days lived
by Ix mosquitoes (¢°x).

7. Mortality rate per thousand population {1,000 gx},

To make the data comparable, the initial number of mosquitoes exposed to the
risk of dying was standardised to 1,000. The life-tables presented here were pre-
pared per thousand population and include the columns Ix, gx and e°x. Separate
composite Tables were prepared to study the survivorship distribution and
mortality rate per thousand population.

OBSERVATIONS,

Nine hundred females of C. fatigans each were studied {or survivorship when
blood-fed and fertilized (a), and when blood-fed and unfertilized (b). Similar
observations were made on 988 females which were fed on glucose and fertilized
(c). A total of 1,390 males were kept with females in experiments ‘a’ and ‘¢’, and
the same were observed for survivorship.

Table I indicates the number of individuals found alive at the beginning of
each day till the last mosquito survived. From this and subsequent Tables, it is
evident that in the experiments reported here the last male C. fatigans survived
up to 47th day whereas the last female lived up to 52 days when blood-fed and
unfertilized, and up to 3rd day when biood-fed fertilized as well as glucose-fed

fertilized.

Table [I and Graph 1 give the survivorship distribution of males and females
per tbousand population studied. In all the groups studied, there was no
mortality of males or femules on the first day, and all of them were alive on the
second day. However, from the second day onwards, both males and females start-
ed dying. The males started dying faster than the three groups of females as
shown in (Table IIT).

The 25 per cent mortality level for males and females was reached in about
the same time {(9th~-11th day). After that, the males died ata much faster rate
till the 75 per cent mortality level was reached. The males died at a slightly lower
rate between 75 per cent and 90 per cent mortality levels. The last surviving
10 per cent males died at a very slow rate. Whereas 9¢ per cent mortality occurred
in 24 days, the surviving 10 per cent males died within the next 23 days. The
mortality in the females was gradual up to 90 per cent level, after which the
mortulity rate declined further (Graph I},
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TasLe L
Survivorship distribution of Culex fatigans under different physiological conditions.

Feumarus
Age \dales e etnn . = ———r—————— .1 J— :
{In days) v * Blood-fed Blood-fed Glucose-fed
fertilised. unfertilised. . fertilised.

{ 1,380 900 | O 088

i 1,390 1100 ) 800 988

2 1,800 5300 : 900 P88

1 1,382 877 i 875 970

4 1,200 857 , 846 943

5 1,248 831 : 8lg 922

i 1,204 810 : 787 900

7 1,154 '} : 70 : 877

8 1,112 750 : 742 ’ 856

B 1,044 n2y ] 708 : 816
o 942 608 : 671 . 753
11 268 676 i B854 . 731
13 811 065 i 836 : 609
13 162 654 j 624 : 680
it 894 621 | 592 | 640
16 ¢18 596 i 572 i 818
L6 569 572 ; a8l : 588
It 483 533 518 : 551
I8 400 493 . 469 . 510
10 341 457 : 428 ; 457
20 207 2% . 404 ' 412
sl 247 408 : 877 , 302
22 219 372 . 350 : 360
E T 1 345 323 : 832
24 : 142 312 207 808
26 196 - 281 270 j 273
24 s ! 967 253 ' 257
27 1wz 53 : 238 . 237
28 88 222 | 200 208
20 8t 208 : 186 i 194
30 . 70 188 . 143 172
1l 73 166 : 112 ! 154
32 : oh 143 98 132
33 0] 126 90 106
34 56 101 80 B0
35 43 76 i 4 70
36 40 58 ! a0 61
87 35 44 : 48 : 58
| 32 40 : 40 | B8
10 30 37 30 : 52
#0 as a7 23 43
41 19 31 P 37
49 13 26 - 19 . 32
48 12 5 16 : 32
£ 10 25 ; 14 ' a1
45 o 25 | 14 27
46 2 15 : ¢ 20
2 ) I 10 ; 2 L]
£ . 10 2 14
40 : . ] 2 14
50 L3 5 N 3 14
31 .s 5 : 1 12
52 .s 3 i 1 6
53 \ LN ] 2 | - 3
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TanLe L

Survivorship distribution of Culex fatigans under diffevent physiological conditions
per thousand population. (Standardised).

A ! Fauarns
ge : 4 e bim e ammma — —eam
{In days). | Males. Blood-fed Blood-fed Glucose.fed
| fertilized. unfertilized. feriilized.
i .
g 1 1000 1,004} 1,000 L,000
1 o 1,000 1,004} 1,000 1Ludg
2} 1,000 1,000 1,000 1,000
D 058 74 972 982
E 028 952 240 055
301 804 924 10 934
8 . 88 900 888 912
7 ; 831 870 8560 ; 884
8 : 861 844 826 : 868
] 152 809 746 [ 827
0 079 774 748 763
3 6268 51 727 VLY
1 585 T4t 207 von
13 560 728 694 { 800
14 501 692 658 659
15 | 445 644 636 698
16 404 638 613 | 508
17 349 595 576 i 560
T 2 289 550 532 ! 518
3 248 510 478 f 464
20 214 478 449 418
9 178 449 419 i 398
22 158 415 : 589 i 366
23 187 38 358 338
34 : 117 348 ! 330 ' 508
23 08 314 300 ; PAES
W, 84 258 | B8] ! 262
b3 S 95 28% : 263 ; 242
LI (1] 248 PrE. | 207
20 80 232 06 197
80 . 50 210 158 173
Mmoo 58 | 185 124 157
32 - 7 I 1a9 108 ¢ 124
3 46 | 133 498 i 108
34 43 12 88 i 82
35 33 84 #1 i 33
36 81 64 66 : 63
37 927 - 49 53 i 80
38 25 44 44 &8
39 23 42 33 i 54
40 a1 43 a1 43
i 15 | 35 24 ! 30
3 10 | 20 21 | 34
3 ! TR 23 i8 ; 34
PYRE 7 a3 16 i 32
5 o 28 1] : 20
T 3 L] b i a1
7 1 1 ; o . 20
48 1 s} 11 i 3 : 15
i0 . ; 4] i 2 i5
M e G ! 2 15
s o ] ! 13
32 e 1 1 7
G S .. l 2 .. 3
|
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Grarn L.
Survivorship distribution per thousend of C. fatigans under different phvsiclogicat conditions.

G
Hrd
o0 | »AYUE
OLOOD FED FERTHLLIED . 4w
FEMALEY 81000 FED UNFERTICHIED s
GLUCOSE FED FERTIWTED .. ., .,
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o

o0

Survivois.

Foay
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Age in days.
Tasre [11.
Percentage of C. fatigans dying at different ages (in days).
AGE, IN DAYS, ON WHICH THYE PER CENT MORTALITY TOORK PLACE :
Mortality | o
per cent p E i _ Females
fapprox) | Males. * " ppo o difed Blood-fed | Gilucose-fed
} fertilized. unfertilized. fertilized.
reow Caam .‘A . e ——— - s e ar——— —
25 9 | 11 9 10
30 13 i 19 18 18
75 18 ' 2% 27 24
90 24 1 34 32 33
493 81 | 36 37 39
500 4 : 53 52 53
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To observe the differences in mortality at different ages, it was considered
desirable to constitute a table (Tzable IV} giving mortality rate per thousand popu-
lation (1,000 gx) at 5 days age-intervals, Proportion test of sigpificance®, when
applied to the data, revealed the following :—

Up to & days.~—Males showed high mortality which was significantly higher
than the blood-fed fertilized {T==2-51} and the glucose-fed fertilized fernales (T ==3:5)
but not significantly different from the blood-fed unfertilized females (T=1-47).
T'he differences in the mortality of females were found to be insignificant.

68— 10 duys.~The mortality among males was significantly much higher than
that of females. The T values for the blood-fed fertilized, bluod.fed unfertilized
and glucose-fed females were 5-97, 4-96 and 4-84 respectively. The differences in
the mortality of females were insignificant.

TasLe 1V,

Moritality rate per thousand (1,000 gx.) Culex fatigans ot § days age-interval,

t Femares
Age-group | .
{days). ) Males L piocg fed Blood-fed | Glucose-fed
; fertilized. unfertilized. fertilized.
Upto & 184 100 1T 80
6 —10 279 165 178 188
11—16 356 154 157 I 198
16—20 558 295 318 i 333
91--25 534 337 320 i 344
2630 345 878 5% : 400
3135 452 851 538 604
36—40 525 466 633 303
1145 895 576 727 459
+6—30 1,000 133 187 : 400
31 and above . 1,000 1,000 1,000

*Since the sample was la:g:; the difference of the proportion of numbers dying, divided by
the standard errot of the proportion of difference, followed normal distribution. When this ratio
worked out to be less than 1-96, it was considered to be statistically insignificant and when more
than 108, it was consideted statistically significant at & per cent level of significance. The equation
used was
T= - P72 . Nomal Distribution N (0, 1)
Py, Pt
'J fiy + i )
where py=the proportion of ny dying by the age~interval,
py=the proportion of n, dying by the zge-interval.
q=l-p
dg=t—e. )
! in2=rthe respective number of raosquitoes alive at the beginniog of each age-interval.
When the sample size was emall, the following equation was used ¢

T = ___._.E‘.-:—P' iz distributed a8 ¢ with ﬂ1+ﬂq—'2 degrees of freedom.

fy—1 fig—

Therafore, ‘v’ tuble was referred to when the size of the surviving population was small.
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1i—-15 days.—The mortality among males continued to be significantly much
higher than that of females and definitely higher than in the *6-10 days’ age-interval.
The T values for the three groups of females mentioned earlier were 945, 9-21 and
7-3 respectively. The mortality in the blocd-fed fertilized and blood-fed unfertiliz.
¢d, and blood-fed unfertilized and glucose-fed fertilized, was not significantly
different, However, the mortality in the glucose-fed fertilized was found to be
significantly higher than the blood-fed fertilized females.

16 20 days.—The mortality among males continued to be significantly much
higher than that of females. The T values fcr the three groups of females were
9.27, 894 and 7-86. The differences in the mortality among females were insignifi-
ant.

21 25 days.--"The mortality pattern was the same as in the ‘8—10 days' age-
interval, T values for the three groups of females were 495, 474 and 478
sespectively,

26--30 days.—The mortality in males was not significantly different from the
mortulity in the blood-fed festilized and glucose-fed fertilized females. The
mortality in the blond-fed unfertilized {ernales was significantly higher than the
martality in males (T =341}, blood-fed fertilized females (T=4-27) and glucose-fed
fertilized females (T'=3-560),

31-—35 days.—~The mortality in males was significantly less than the blood-fed
fertilized (T=2-86), and glucose-fed fertilizecl females (T=2:16), The differences
in the mortality among females were insignificant.

36—40 days.~~The mortality in males and the different sets of females was
not significantly different. The blood-fed unfertilized females showed highest
mortality, which was significantly higher than the glucose-fed fertilized females
(T'==2:74).

41—45 days.—The mortality in males was significantly higher than the blood-
fed fertilized (T=33) and glucose-fed fertilized females (T=4-01}. The blood-fed
uanfertilized females had significantly higher mortality than the glucose-fed fertilized
females.

£6— 50 days.~The last male died on the 47th day. Therefore, only the
mortality differences among females were tested and found to be insignificant.

Table IV and Graph 2 show that the rate of mortality in males is higher up to
the 261h day stage, by which time nearly 90 per cent of the males die. Then there
is a temporary decline of the death rate till the last few surviving mosquitoes die at
which time the death rate again is higher than the females. The mortality-rate
curves jor the blood-fed fertilized and the glucose-fed fertilized females seem
w0 run the same course, i.e., a steep mortality rate up to 10 days, then a slight
deciease, followed by another steep rise (15—20 days interval), then gradual increase
ap to the 30th day and another steep rise up to the 35th day. By this time, the
90 per cent mortality leve] is reached and the remaining 10 per cent behave like
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males. The blood-fed unfertilized females deviate from the curves already
mentioned. They show a steep rise in mortality during the 25-30 days age-interval,
then a slight decline on the 35th day, again a steady and sharp increase up to the
45th’day, followed by a sudden dip before the final total mortality.

Grabr 2.

Mortality rate per thousand C, fatigans 41 5 days age-inzerval.

MBE. .. .. .. . SR W —
7,000 1 FEMALE 1o Vd
BLOAL FED FERYHAIIELD. . Wi ——f /‘
300 1 » " CNFERTHIZED.. B e =l
GLUCOSE FED FERTILIZED ... fy-- - - -0 ,’

B0 -

To0 -

God 1

S00

ieo 1

Rate of mortality.

Jou 1

100

25 30 335 - 46 45 S0 5 e
Age interval (days).

By observing the actual number dying every day {dx table, not included
in this paper) and the rate of mortality (Table IV, Graph 2), it was evident that the
death rate was not constant. The rates of mortality showed definite increase with
age till the 90 per cent mortality level was reached. After this level, the mortality
fluctuated tifl there was a sharp increase in mortality when the last surviving
individuals died.

Life tables of C. fatigans males, and the blood-fed fertilized, blood-fed
unfertilized and glucose-fed females are presented in Tables VI, VIi, VIII and IX
respectively. Table V and Graph 3 give the life expectancy of C. fatians males
and females, as studied in the present experiments, at 5 days age-interval,
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TasrLe V.
Life expectancy {€°x) of Culex fatigans at § days age-interval.
| Ape-INTERVAL {DAYS).
Sex. : ; . . -
_[0]5{10!15_520 25 | 3540 | 45 | 50 |55
. Ll ' b U T RN FOUPURRE (.
Male : |14-so|11-51 76| T-04| 7:06 7.87| 723|591 |3:00 | 1.00 |00 | ..
Female : | ; ! | | | |
Blood-fertilized. 0016 | 16.55 | F4.22 | FL88 | 0.88| S.i4] 5.86 | 580 | 5:67 | 222 {260 |00
Blood-fed unfertilized. © 19261 15.82 | 13-70 1 10:81 | 8041 7414 5:83|4-86 | 414 | 71 {800 [ 0-0
Glucase-fed fertilized. | 19+42 | 1555 13-36; 10:70| 0.66| &20| 6.69|8-11 660 ]4:33 |2.07 |00
GrapH 8,
Life expectancy (e*s) of C. fatigans at 5 days age-interval.
20 F PALE oo e i ni e mmentass s e Pl
“.\ FEMRLE 1=~
\?‘ BLOOD FED FERYILIZED.... Fowm=re -
A BLOOD FED UNFFRTILIZED Q=0
\\‘ GLUCOSE FED FERTHIZED.. b~ —rr—db

Life expectancy (days}.

Age in dayn.
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TasLe VI
Life table for Culex fatigans males,

Age . o Age | ; o,
{In days). Fce K ex lin dgays). o e I e
0 1,000 | 000 | 12.80 24 ' N7 | 017 o4
1 1,600 | 000 | E3.80 85 1 88 | 0.5 7487
) 1,000 | 0.04 | 1250 2% 1 84 Cell 216
3 958 08 | 12434 27 i ! oeid Be14
L 028 | G4 | 1072 28 66 | 08 8.36
3 8904 | 0.08 | 11,18 29 60 ¢ 002 804
8 . 88T | 004 | 104D 30 58 | 0,08 7.23
7 8t Ga04 0.02 31 ! &8 i o0 8.78
8 861 | o006 | 9.28 82 ¢ 5 | 008 ! 6
9 752 | 010 | 885 33 48 | 007 603
1 670 | 0.08 | 8.78 34 43  0.23 5+43
' 826 | 047 | gab 35 33 | 07 5.91
12 585 1 o6 | 802 16 31 03 5:30
13 550 | 0.09 7450 37 237 . 009 4497
14 501 0-11 7-19 38 25 | 0.08 4.38
3 445 L 0am 7.4 39 23 @ 0.10 3.63
6 40t | 04 671 40 21 | 0.30 2.00
i7 1 348 | o7 | G068 41 15 | 0.3 2.00
13 2890 | 0.5 | 606 42 10 ! 0.08 3.23
19 246 | €13 | 7.08 43 9 | 017 2.50
20 S8H4 | GIT | 706 ry 7 010 140
28 178 | 611 | 7.38 45 6 | 048 1+00
2 {188 ! 013 | T-28 46 2 | 0.50 1.50
23 | 187 | 0I5 | 730 47 T ! 100 140
L A ' -

Legend :  Ix=number ;I.ive at the beginning of each day.
gx=proportion dying at the beginning of each day.
e"x=complete expectation of life at age x in average number of days
lived by Ix mosquiloes.

The life expectancy of males at birth was observed to be 148 days, whereas
the life expectancy of females was observed to be 20-18, 19-26 and 19-42 days for
the blood-fed fertilized, blood-fed unfertilized and glucose-fed fertilized respect-
ively. The life expectancy of males at birth was significantly less than that of
females. The different physiological conditions, under which the females were
kept, did not seem to affect their life expectancy at birth,

The life expectancy decreased progressively with the increase in age. In the
case of males there was progressive decrease in the life expectancy till the 15th day
age-interval. From the 16th to 30th day, the mortality was less and there was the
same or greater expectancy of life. After the 30th day, the life expectancy decreas-
ed progressively till the last surviving male died.

Although the life expectancy of males was generally lower than that of
females, in the age-interval of ‘25th to 35th day’ it was found to be higher than
that of females.

The life expectancy of females under different pbysiological conditions was
found to be similar from O to 15th day, although the blood-fed fertilized females
showed slightly higher life expectancy than the other two groups. From the
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Tasie VI
Life table for Culex fatigans female — blood-fed and fertilized.
] T i 1 ) :

Age | I : ) Age ' i T

ndays) W | @ €% |gggaye. o @ R

—_— e e = ey e e By mmmen | — -t aun mm——— = o
o | 1,000 | to ‘ 20,16 27 283 | o012 693
I 1000 | 00 19418 28 248 | 008 | 682
2 11000 . 008 | 1818 20 | 283 ! 010 | 628
3 ' 974 | 003 | 17-68 30 210 | 0-12 586
4 1 962 | 0,08 [ 17408 31 185 | 014 557
5 1 624 | 043 | 1653 32 159 016 539
6§ 900 | 002 ' 1548 33 153 | 018 | 582
T | 879 | 004 | 1534 34 112 | 25 | 524
3 | 844 | 0.04 1496 35 8% | 0:24 | 580
9 800 | 0.04 | 14-60 36 . 64 | 024 | G485
10 1 774 1 008 | 1422 3T | 49 [ 000 734
1 | 781 001 i 13:65 18 45 008 1 7.02
12 740 | 002 ' 1285 9 i 42 . 857
13 ] 728 | 005  12.06 0 | 42 0186 557
4| 003 | 008 1167 4 7 35! 018 | 555
15 864 | C.04 1138 42 1 29 | 004 | 554
W i 688 i 0.07 1038 43 28 . .. - 472
v 505 0.08 1032 44 28 v ¢ 372
18 | &60 | 007 11012 45 28 040 ; 272
9 ! 510 | 007 | 988 46 17 © 038 ' 320
20 | 478 0 007 | 9.5 47 i .. 3.40
3| 449 | 008 | 907 48 1t 050 2.80
22 | 415 07 i 87D 49 6 . .. i 3.60
23 - 388 0.0 8.4 50 8 . 2.50
24 348 . 010 828 51 8 | 040 ! 160
26 ] 814 1 006 . 814 52 3 033 - 1.33
21 998 008 |, Te54 53 1 2 100 100

Legend : Ix=number alive at the beginniag of each day.
gx =proportion dying ot the beginning of each day.
«°x =complete expectation of life at age x in average number of days
lived by Ix mosquitoes.

15th day aye-interval onwards tili the 45th day, the life expectancy of the glucose-
fed fertilized females was high, followed by the blood-fed fertilized and blood-fed
unfertilized groups, These differences were found to be significant between the
35th—45th day’” age-intervals. Between the ''15th—50th day” age-interval, life
espectancy of the blood-fed unfertilized females was found to be generally less
than the females in the other two groups.

DISCUSSION.

Life tables have been extensively used io study the mortality relation within
human populations at specific age-intervals, The data thus collected have been used
to determine the expectation of life of individuals in different countries, under vary-
ing socio-economic and environmental conditions. Pearl and his associates (see
Pearl, 1940 ; Allee et al., 1950) studied with great precision the life-tables for lower
organisms, particularly that of the fruit fly, Drosophila melanogasier and the four
heetle, Tribolium confusum. But so far, no such tables are available for mosquitoes.
This is so largely, as Kershaw et al. {1854} mention, because of the limited numbers
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TasLe VI

Lije table jor Culex fatigans females — blood-fea und unfertilized.

:‘\ge i 1 . A ‘ ) a
(!ﬂ days}- 1=, Il 4x. &% (ln dg;s).:i 1x. i gx. € X
0 1,000 ° 000 19420 a7 1 262 . 005 1 601
! LOOD G000 18426 28 232 0:07 . 600
2 1,000 @00 17-28 29 206 - 023 He42
3 972 ' 003 10eTd 30 158 032 - 5488
i 90 03 | 16.30 31 J24 0 03 . 830
3 810 | 0«03 : 1582 32 108 008 . 613
B, 888 003 | 1524 33 88 ! Q11 - 562
7' 836 ¢ 0.2 | 14078 34 i 88 : 008 528
% 825 (05 | 14020 B 8 0-19 4.G6
| T5 0403 ! 14400 36 ¢ 66 1 020 403
i 748 003 1 137D 37 . 63 ¢ 01T - 467
1 727 008 | 1304 8 - 4 0325 . 450
12 07 002 12-40 39 8 0wr 4.83
13 602 0.5 o 11483 49 - 31 0 414
I4 658 .03 11.23 i 2 014 414
ta 36 DL 10-G1 42 o2l Oa16 374
th 613 0:06 © 9-9D 43 18 012 3.81
£7 5Th . 000 960 44 16 LT 2411
18 522 - 008 | 03¢ 43 1] 0-37 1.71
19 476 008 ; 9l 44 7 067 2.33
W . 440 007 | 8.4 47 2 000 300
H 418 | OWT7 | 856 48 2 0.00 400
23 80 - 008 817 49 2 G0 300
23 . 350 (W08 781 a0 2 a0, 200
24 ;380 . (00 745 51 1 000 | 2400
2500 300 1 .08 7e14 5% 1 00§ 1400
26 7 281 0.07 G557 }

Lewgend s Ixernumber alive at the beginning of each day.
gx=proportion dying at the beginning of each day.
2 x=complete expectation of life at age x in average numbet of days
hived by Ix mosquitoes,
in the population groups for which survival/mortality rates were studied. The
above mentioned authors used graphical method to study the survival of Anopheles
quadrimaculatus, A. hyrcanus var, sinensis, A. gambiae, A. funestus, A.maculipennis
var. atroparvus and Acdes aegypti. They came to the conclusion that “the general
pattern of survival for both sexes is the same, but the survival of the males is less
than that of the females”. The life-tables worked for insects other than mosquitces
{Allee et al., 1950 loc. cit.), also show that generally females live longer than the
males. The differences in the longevity of two sexes have been reported to be
significant. Russell and Rao (1942) reported the same for A. culicifacies. In the
cxperiments presented here it was observed that female Culex fatigans, when
blood-fed fertilized, blood-fed unfertilized and glucose-fed fertilized, lived longer
(52 to 53 days) than the males (47 days). The life expectancy of females (Table V)
under all conditions was found to be significantly higher than males {20-18, 19-26
and 19-42 days respectively as against 14-80 days). There is no comparable data
availablein literature for C. fatigans, However, Gill (1921) succeeded in keeping 100
females alive for more than 10 days on raisins at a temperature of 27°C, and a relative
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Tanre IX.
Life table for Culex fatigans jemules— glucose-fed and fertilized,

Age ! : 0 Age i i -,
{To days). | qx. ; &% }In days) Ix. | o 1 ex
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2 1000 008 | 17.42 29 197 01l 688
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% 813 i 003  14-92 83 108 024 | &4
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8 888 ' 005 . 18.64 s i T2 013 | 811
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i 741 0.04  12.74 38 ; 58 007 | €89
12 08 - 008 1231 38 ° & | o047 ! 638
13 0 600 . 0:05 1164 0 ; 4b Cld | 660
4 669 | 0.08 10417 48 1 39, 014 | 609
15 ¢ 6828 0.08 | 1070 42 | 34 000 | 056
14 508 0«06 |, 10.22 43 - 84 003 ! 508
iIT 7 360 W07 . 10w78 4 . 833 . 013 | 471
I8 ! 5i8 . 010 0.63 4% 2 026 : 438
19 - &84 0.10 | 96D & 21 . 008 ; 488
20 1 418 008 .60 47 | 20 , 028 ! 884
2t ' 308 008 ! 816 48 | 35 - 000 | 407
93 366 . 0.08  3.03 49 ' 1B 000 | 307
23 338 | 008 | 864 0 18 ! ood4 | 207
24 308 | 030 ' 842 51 | 13 050 © 1-38
25 278 08 | Ke2B 52 7 1 ot - 17
26 262 (.08 | T.78 53 3 100 1400

Legend t  Ixsnumber alive at the beginning of each day,
gxw propoction dying at the beginning of each day.
s°x==cpvrgé>lete expectation of life at age x in average number of days
lived by Ix mosquitoes.

fiumidity of 65 to 8¢ per cent. And Majid and Sinton (1933) succeeded in keeping
40 females alive for 105 days and 5 for 189 days when given one blood-meal,
followed by sugar solution. The observations of Majid and Sinton (1933 loc. cit.)
were made during cold months when the average temperature was 18-9°C., and
cherefore the mosquitoes could be expected o live longer than at higher tempera-
ture (25°C.) and humidity (80 per cent), i.e , the conditions under which the pre-
sent observations were made.

From the life-tables (Tables VI, VII, VIII, IX) presented here, the longevity
characteristic of C. fatigans, particularly those of males, seems to be much higher
than normally realised. OFf course, in these experiments optimum conditions for
survival were provided, It is unlikely that natural population of this mosquito will
behave similarly. However, considering the fact that C. fatigans is largely a
Jomestic species, breeding in peri-domestic waters, it is reasonable to expect a
large proportion of the adult females to survive under optimum temperature
and humidity. These optimum climatic conditions are also favourable for the
development of the stages of Wuchereria bancrofti in the mosquito. Therefore,
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under optimum climatic conditions the mosquitoes could be expected to survive in
large numbers to keep on transmission of bancroftian filariasis.

On the work of Russell and Rao (1942), Macdonald (1852) came to the
conclusion that under natural conditions mosquito mortality remained unchanged
with age. and that this was supported by available literature concerning the longevity
of mosquitoes kept under laboratory conditions, However, Kershaw et al, (1854
loc. cit.), from their experiments with Aedes aegypti, Chrysops spp. and Simulium
Jdamnosum, and by scanning the literature on survival of mosquitoes, concluded that
the rate of mortality of mosquitoes, maintained under laboratory conditions,
increases with age. The present experiments revealed that the mortality in either
sex of C. fatigans was not constant (Table IV, Graph 2). There was no mortality
from *0 to Ist day'’. Mortality in males as well as females started on the 2nd day
(Graph 1) and the death rate increased with the increase in age till 90 to 88 per cent
mortality {males, blood-fed and glucose-fed fertilized females, and blood-fed un-
fertilized females respectively) amongst the original populations cccurred (Table v,
Graph 2). The last 2 to 10 per cent survivors, made up of individuals who have
the ability to outlive considerably their companions, showed fluctuations in the rate
of mortality.

Although the pattern of survival {Graph 1) for males and females was similar,
males died at a significantly higher rate than the females till 90 per cent males died
(25th day). Between 28 to 30 days and 36 to 40 days, mostality rate in males was
not significantly different from the rate of mortality in females. The rate of
mortality in males was significantly less than the females between 31 to 86 days
period, From the 41st day onwards, the last few surviving males died at a signifi-
cantly higher rate till the 47th day when the last male died.

Christophers (1960}, while dealing with the normal duration of life of Aedes
aegypii, mentions that “if given a blood-meal within the first 7 days there is usually
little mortality until after oviposition, when it may be considerable as at subsequent
ovipositions™. He further mentions that **Bonne-Wepster and Brug {1932) state that
tife is longer where the insects are given sugar and water as food instead of blood.
In this case there is no mortality following oviposition. Connor (1924} states that
70 per cent of females die after the first batch of eggs has been laid”, In the present
experiments, the life expectancy of the ovipositing C. fatigans females was found to
be similar to the non-ovipositing females., The e°x (Table V, Graph 38) for the
{ormer worked out to be 20-16 days while for the non-ovipositing females it was
1926 days (blood-fed unfertilized) and 18-42 days {glucose-fed fertilized), From
thege results, it was also evident that the blood feed or glucose feed did not alter the
chances of survival (Tables I, II). It was observed that the mortality followed the
same course and the last surviving female died on the 53rd day in both blood-fed
fertilized and glucose-fed fertilized females. (Glucose-fed females survived better
than the blood-fed batches only in the **251h to 45th day’’ age-interval (Table V)
when 90 to 95 per cent of the females had died.



336 Studies on the longevity of adult C. fatigans.

SUMMARY.

Laboratory experiments were catried out during the period February, 1958, 10
June, 1939, to study the longevity of Culex fatigans males maintained on 5 per cent
glucose solution and females when blood-fed fertilized, blood-fed unfertilized and
glucose-fed (5 per cent solution) fertilized. From the data thus obtained, survival
rates, death rates and life tables for sither sex were worked out.

The observations reveated that C. fatigans females lived longer than males.
The life expectancy of males at birth (1480 days} was found to be much higher than
normally realised, but significantly less than that of females (1926 t0 20-16 days).
The females under the different physiological conditions did not show any signifi-
cant difference in their life expectancy, The last surviving male died on the 4Tth
day whereas the females survived up to 52nd to 53rd days.

Contrary to the general belief, there was no mortality on the first day and the
rate of mortality wae not constant. Mortality started from the 2nd day znd the rate
of mortality increased with increase in age till 90 to 98 per cent of the initial popula-
tions died. Although, the pattern of survival in case of males and females was
similar, the males died at a significantly facter rate than the females.

Food and mating status of females, as conditioned in the present experiments,
did not seem to affect their survival,

It was concluded that C. fatigans, with a high longevity characteristic and
being predominantly a domestic mosquito, could be expected to survive in large
numbers under favourable ecological conditions.
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CGYNANDROMORPHISM IN CULEX FATIGANS WIED.
By
B35, KRISHNAMURTHY
cMalarsa Tnseitute of Indfa, Dohi).
* juna 23, 8L, |

Ty mANDROMORPHISM 0 mrosyuitoes, though rare, nus been reported from vime
o tme. Quer 40 cases of gynandromocphs have buen recorded so far among
Culex, Aedes and Mansoniz spp. (Lum, 1960). It has also been observed in Haema-
gugus spp. {Bates, 1949), Mostly this has been vbserved iv the laboratory colonies
+f mosquitoes. Blazquez (1984), while artemptling to obtain a strain of Culex
cutigans resistant to DT, obtained as many as 50 gynandromorphs between F6 and
F10 generations, In India, Ausat and Koshi (1955) reported a gynandromorph of
¢, fatigans from a colony maintained for ten years. The specimen described by
‘mem had antenpae and palpl of male, while the abdomes and genitalia were those

i+ Female.

A gynandromorph was found among individuals of a laboratory strain {DE/
Ha)* of C. fatigans maintained at the Malaria Jostitute of India, Delbi, The mosquite
natched on March 20, 1861, The specimen was alive for 19 days and was later
mounted in canada balsam for detailed examination. A Jescription of the specimen
15 givenin tins note '

The left untenpa and palp (Plate 1, Fig. 1} are wypicaily thar of a normal
female and the right antenna and palp of a normat male, The last segment
Jf the left frone leg is that of 3 normal female while the right front tarsus is that of a
male. The external genitalia ure of @ normal male but the last segment, including
the terminaiia, has not undergone the vsusl torston, resulting in an inversed condi-
rion of the genitalia {(Plate I, Fig. 2},

Efforis were made to determine the behaviour of the gynander by offering a
Swmi-feed and also by allowing it to mate with normal females. The specimen
made fecble offorts to bite, but was not successful in picrcing the skin. The egg
1afts, obtained from the norma! females which bad been given an opportunity to
‘nate with the gypnander, were unfertilized and did nov hatch, The spermathecae,
when dissected, had no sperms in them.

REFERENCES.

Avisary A +isd Koown, Vo (19055 . Current Science, 24 (T}, p, 244

Lo POT.M. (1060) . Mnsq, News, 20 134, p. 314

BaTes, M. (1949} .. The Natural Hisiury of Mosguitocs. New York.

Brazguer, S (1958 World Health OCrgenization Report on Semi.
nar on the Su<ceptibility of Insects to In-
secticides.

Pan. Amer. Hith. Org. and the World Health
Qrgamsazion {Panamal.

*AC. ;"e;liéuﬁé strain obtained by crossing a female of Deihi with the males of Hamburg strain.
Thasks are due to 3hri Bhagat Ram and Shri Schan Singh for their help in raising the laboratory
rultures.

1339)



CATH Gynandromorphism in Culex fatigans Wied.

Hare

Weiot o ose-up view of the unrotated ternunaia 2nd heau of gynandromorphism of Cudes fuiygan..

Yl L Darsal view of gynandromorph of Cidex fatigens showing both the male and yeimale bead
appendages std male genitalia.



{ndtan Journal of Malariology, 18, 1961,

INDEX OF AUTHORS

A

AcHuTHAN, ©.  See SmaMma Sasrry, Sunper Rao, Rama Rao, SivaraMan and
ACHUTHAN.

AcuoriaNn, C.  See SiTaraman, AcHUTHAN, SeTHURAMA Rao, Sunper Rao,
and Suama SasTRY,

Anvtowania. G.8, and Davir Sineu. Prehminary studies om the invitro
action of potassium permanganate on the adult worms and micro-
filatriae of Litomosoides carinii -

AsLuwarta, (3.5, See Davre Sinetr and AHLUW’AL;&

Ararra, M.T. A note on the residual foct of malaria transmission encount-
ered in the course of experimental survelllance operations in Coorg
District of Mysore State .

Aseewani, (3.].  See PaTeL and AMBwaNI.
Amswany, G.].  See Patern, Ramacuanpra Rao and AMswant,

B

Basy, P.C.  See Nau-nrHal Sivos and Basu, P.C,

Basy, P.C. See RaMakrisanaN, SaTva Prakasy, Cuowpnory and Basy,
Brarup, A.J. See Lawrence and Bearup,

Bep1, K.M.5.  See Warran, Kargra and Bepr.

Buaskar, V.K.  See Diwan Craann, Sincn and Buasxaz,

Buaria, 8.C.  See Parer, Ramacnanpaa Rao and Buaria,

Biatvacar, V.N. See Ramaxrisunan, Dacip Since, Buarnacar and
Ragravan.

C

Crsxranart:, A K.  See Sarva Prakasuy, CHARRABARTTI and Cuowpnury.

Crowpnury. 0.8, See Ramakrisunan, Sarva Prakasn, Crowpuury and
Basu.

CraowpHury, .8, See Sarva Praxasy, CHARRABARTY and CHOWDHURY,
D

Dantp SiNGH and AHLuwarsa, (3.3, Studies on the in vitve action of pota-
ssium permanganate on the adult worms of Dirofilaria immitis, micro-
filariae of Diroplaria vepens and Dirofilaria immitis and of hydrogen
peroxide on the adult worms of Litomoscides carinii ...

Davie SiveH.  See AaLuwatia, and Daris SiNGH.

Dartr Smven. See Ramarrisuanaw, Darie Smioa, Buarwacar  and
RaGHAVAN,

341

Page

301

307



342 ¢ Index of Authors.

Dags, N.L. See Varma, Dass and Sinaa, 185,

Dass, N.L. See Varua, Dass and Sivma, 285,

Prass, N.L. See Varwa, Dass and Sinna, 292,

Diwan Craxp, Stnea, M.V, and Boaskar, V.K. Observations on mass
therapy with Diethylcarbamazine in Filaria Control Unit, Faizabad,
Uttar Pradesh - vas

Diwax Cuanp, SmvoH, M.V. Gta, B.B. and Swrvastava, RN, A
note on filariasis in Gonda Town (Utter Pradesh)

Dirwan Craanp, Smwea M.V, and Paraax, V.K. Filariasis in the sttnct
of Ghazipur {Uttar Pradesh)

Diwan Cranp, Smea, MUV, and Pataax, V K. Problems of filariasis in

the District of Deoria {Uttar Pradesh} or
Diwax Cuanp, Sivar, MLV, and Sarivastava, RN,  Filariasis in Bahraich
District {Uttar Pradesh)
Diwax Onanp, Sivce, M.V, and Srivastava, B.B.N. Culicine fauna of
Gorakhpur District (Uttar Pradesh)
G
Gupra, B.B. See Diwan Cranp, Smch, GUPTA and SrivasTava,
]

Jossr, G.C.  See SuanrMa and Josai,
K

Kacuroo, P, Aquatic vegetation of Damodar Valley.
Part IV. Aquatic vegetation of Bokaro Reservoir and its control by
herbicides . -
Kacra, N.L. See Wartar and Kaira,
Karra, N.L. See Wartar, Karra and Bep:.
¥emsenamurtiy, B.S.  Gynandromorphism in Culex fatigans Wied.

L

Lawsence, 1LJ. and Bgearup, A.J. A new host record for Plasmodium
yelictum © the silver gull (Larus novae-hollandiae Stephens)

M

Monan, B.N.  See Saarma, Modan and StHGti.
N

Narr, C.P, Filariasis in Centrally Administered Areas.
Part II.  Survey of Laccadive, Minicoy and Aminidivi Islands

Nam, C.P., Rapaacovinpa Roy and Ractavan, N.GS. Susceptibility

of Aedes albopictus to Dirofilaria repers infection in cats -
Naig, C.P. and SomBat Caavapejara. Studies on flariasis in Thailand.
Periodicity of micro-filaria.

Nau-NimaL Siven and Basu, PC.  Adrenal insufficiency of the host in
P. knowlesi malaria wou

140
39
21
EH

1756

313

11

263



Index of Authors

P
Pates, T.B. and Ampwant, G.J.  Report on an epidemic occurring during
eradication of malaria in Gir Forest, Gujarat State, India

Parer, T.B., Ramacuanpra Rao, T. and AmBwant, G.]. An outbreak of
malaria in parts of Thana District, Bombay State, India, after several

years of successful control -

Parter, T.B., Ramacaannra Rao, T, and Braria, 5.C. Results of a rapid
suw.epublhty survey of Anopheles culicifacies in Bomhay State, [ndia,
during 1939, revealing continued susceptibility, except in a few
scattered pockets.

Patnax, V.K. See Diwan Cranp, Sinvcn and Patuax, 21,

Paterat, V.K, See Diwan Cuanp, Sincn and PaTrhax, 31
R

Rapuacovinna Roy.  See Namg, RaoHacovinbpa Roy and Racnavan,
RachavaN, N.G.8. See Nair, Ranuacovinna Roy and Racuavan,
Racuavan, N8, See Ramaguusonaw, Davip Since, Boatnacar and
Racravan.
Ranmscuanpra Bao, T, See Parer, RaMacuanDra Rao and AuswanI,
Ramacrambors Rao, T, See Parer, Ramacuanpra Rao and Buatia
RamakrisunaN, S P., Davwe Sinen, Brarnscar, V.N, and Ragravaw,
N.G.S. Infection of the albino rat with the filarial parasite, Litomo-
spides carinii, of cotton rats )
RanaxrisuNaN, 5.P., SaTtya Prarvasg, Cuowpnuvry, 2.8, and Basv, P.C.
Studies on Plasmodium berghel Vincke and Lips. 1944,
XX1X. The size of parasite population and its relation to the selection
of a strain resistant to sulphadiazine .
Rama Rao, T.8.  See Suama Sastry, Sunper Rao, Rawa Rqo, SITARAMAN
and ACHUTHAN

Q

ot

Sarva Praxasd, Studies on Plasmodiun berghet Vincke and Lips, 1948,
XXX, Efects of splenectomy on the course of blood-induced infec-
tion in rats .
Sarya Pracasd, CuakraBarti, AK. and CHOWDHURY, P&, Studies on
Plasmadium berghei Vincke and Lips, 1948,
XXX1., Selection of a primaguine resistant strain ...
Satvas Prakasi. See Ramarrisanan, SaTya Pravasn, CHownrury and Basu.

SeriuraMa Rao. See StTaramaN, ACHUTHAN, SETHURAMA Ra0, SuNDER
Rao and Stiama SasTry.

Suama Sasrry, H, Results obtained in the third year of pilot study of
malaria surveillance measures i Mysore State, India. -

Sama Sastry. H., Sumnper Rao, AR, Rama Rao, T.5,, Srraraman, N.L.,
and Acau1uaN, G, A note on the interruption of spraying of resi-
dual insecticides in some villages of Visvesvaraya Canal Area, Mandya
District, Mysore State

Suana Sastry, H. See SiTaraman, Acm ITHAN, S!:T!IURAMA Rao, Scwoer
Rao and Sriama BasTRY.

343

129

7l

b

93

£33



344 Index‘of Authors,

Snammda, M.LD. and Josrs, G.C. A note on the susceptibility of rat- ﬂeas
of Delhi to D.D.T., Dieldrine and gamma BH.C. .. 123

Suarma, M.LD., M'omm, B.N. and Smvor, N.N. Studies on the susoepu-
bility of Pediculus humanus corporis de Gi. to D.D. T‘*xgamma BR.H, C
and Pyrethrins - 139

SurivasTava, RN, See Diwan Cuavp, Smea and Sﬂmvwm\m

SineH, MLV, See Diwan Caanp, Stund and BHasgar.

Sivan, M.V, Seé Drwan Cuano, Sinasg, Guers and Srivastava.

Srvee, MV, See Diwan Cuaxo, Since and Patrag, 21,

S$iwgH, ML.V. See Diwan Cranp, Sines and Paraak, 31.

Sancrr, MLV,  See Diwan Cranp, SINGH and SHRIVASTAVA.

SinvoH, MLV,  See Diwan CHanp, SincH and Spivasiava.

$incH, N.N.  See Smanma, Monan and Sinch.

Smvma, V.P. See Vamva, Dass and SinHa, 185,

Sinpa, V.P.  See Varma, Dass and Sivea, 285,

Singa, V.P.  See Vanma, Dass and Sinna ,293.

Siraraman, N.L., Acuuruan, C., SereuraMa RKao, Sunper Rao, AR, and
Sranma SASTRY, H. A note on the results of surveiflance programme
in Sakalespur Taluk, Hassan District, Mysore State, between October,
1956—February, 1960 aa]

Srraraman, N.L.  See Smama Sastry, Sv.mmm Rao, Raua Rw, erammm
and ACHUTHAN.

Jomsar CHavaBEJARA. See Nar and Somsar CHAvABE)ARA.

SrrvasTava, RN,  8ee Diwan Cuanp, Sivcr, Guerta and Srivastava,

SpivasTava, B.B N, See Diwan Cranp, Sinegu and Srivasrava.

Sunper Rao, A.R. See Smama Sastry, Sunner Rao, Rama Rao, SiTaraman
and ACHUTHAN.

sunper Rao, AR, See SiTaraman, AcHuTHAN, SETHuraMa Rao, Sunber
Rao, and SHaMa SasTRY.

\'

Varsa, B.K., Dass, N.L., and Sinnia, V.P. Studies on the incidence and

transmission of filariasis in Bhagaipur Town {Bibar) i85
Varua, B.X,, Dasgs, N.L. and Smus, V.P. Filariasis in the rural popuia-

tion around Bhagalpur Town, Partl 85
Varma, B.K., Dass, NL, and Sivaza, V.P. Filaciasis in the rural popula-

tion around Bhagalpur Town. PartII 203

w

Warral, B.L. and Kaira, N.L.. New methods for the maintenance of a
laboratory colony of bed-bud, Chmex Jhemipterus  Fabricius, with

observations on its biology . 157
WarraL, BL. Kara, N.L. and Beps, KM.S Studles on cuhcme

mosquitoes,

2, Laboratory studies on the longevity of adult Culex fattgans

Wiedmann, 1828, 321

A ‘e
<No.l330 7
FR gy ”

”‘”‘%’ { &y




