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East Bengal from the point of view of malaria transmission can broadly
be divided into three zones: (a) hills and foot-hills, (b) higher plains, and
(c) lower plains near the sea. Each one of these three areas presents a
different picture of malaria transmission as well as a different vector.
Broadly speaking in the hills and foot-hills area Anopheles minimus, in
the higher plains A. philippinensis, and in the lower plains near the sea
A. sundaicus are the principal vectors.

In this paper we are dealing with a portion of the so-called higher
plains of Eastern Bengal in Iswarganj Thana and neighbouring areas of
the District of Mymensingh. In spite of their name, the higher plains of
East Bengal are not more than about 200 feet (61 m) above sea level. These
plains cover an area of approximately 2,500 square miles (6,475 km2) and
they are entirely flat. A range of hills bounds the plains in the north;
in the south, the upper plains pass into the lower plains, which border
the Bay of Bengal. The rivers rising in the mountains in the north all
flow into the Bay of Bengal, but as the distance covered by the rivers
through the plains is great and the elevation of the plains not very high
the water from these rivers is always spread over a large area. Excessive
rainfall in the mountains and plains and flooding of the rivers add to this
vast expanse of water.

In the higher plains, including the areas investigated by us, Anopheles
(Myzomyia) philippinensis Ludlow, 1902 is the vector as discovered by
Sur in 1928 and confirmed by later investigations. The investigations
carried out by Sinha 2 and Iyengar 1 had pointed out two main features
of malaria transmission in this area

1. That the vector species A. philippinensis breeds predominantly in
tanks with submerged vegetation such as Hydrilla verticillata, Cerato-
phvllum demersum, aquatic species of Utricularia, and species of Najas.

This research was carried out while the authors were engaged in the work of WHO Malaria Control
Demonstration Team to East Pakistan from May 1949 to June 1950. The work of the team will be continued
until February 1951. The team is working under the leadership of Dr. G. Gramiccia, Malaria Section, WHO.
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2. That malaria transmission takes place mainly from September to
November, this accounting for the malaria peak during these months.

The other e(qually high or even higher peak of malaria reached during
the months of May and June was explained by these authors as due to
relapses. The two peaks of malaria occurring during May and June and
September to November were thus accounted for. The research workers
in the area emphasized the low density of A. philippinensis during the
pre-monsoon season, i.e., from May to June, and this accounted for the
very few dissections carried out by them during this period. Indeed, infected
specimens of A. philippinensis were found once or twice during the months
of April and May in the higher plains of East Bengal but no importance
was attached to the findings, and it was pointed out that (a) sporozoites
were very infrequent from January to June, (b) the infections recorded
during this period were mainly of the midgut, and (c) oocysts showed signs
either of suppressed development or of deterioration. These factors were
interpreted to indicate that conditions were unfavourable for the develop-
ment of the parasite in the mosquito. It was further pointed out that the
density of the vector species during this period was too low to play an
active part in malaria transmission.
A striking point which emerges from the observation of the data reported

in the same papers is that, although malaria in terms of spleen index and
parasite-rate was very much the same in the various areas investigated
by the previous authors, the number of A. philippinensis caught during the
same seasons in the same areas varied from 0.14% to 39.6% of the total
number of anophelines caught.' In Iswarganj Thana the percentage of
A. philippinensis was 1.1 of the total anophelines caught and the corre-
sponding figure for Tangail subdivision in the same district of Mymensingh
was 0.75. These catches were made at a time when " in some parts of
Mymensingh district, malaria has been raging in a virulent form for the
last few years. .. 2 No species besides A. philippinensis could be
incriminated as vector.

Our observations were carried out from May 1949 to July 1950. A
malariometric survey performed on over 3,000 children from May to
June 1949 had led to the suspicion that malaria transmission could be
going on during these months. The importance of clarifying this point
was theoretical as well as practical, inasmuch as epidemiological findings
would give a useful clue to the timing of malaria-control operations by
means of residual spraying of insecticides. We have, therefore, worked on
the clarification of two points:

(a) the distribution and breeding-habits of A. philippinensis;
a(b) malaria transmission in the pre-monsoon season.

a Monsoons in this area extend from the second week of June to the middle of August. As pre-monsoons
we consider those months, before the onset of monsoons, in which temperature and relative humidity are
such that breeding and development of anophelines can take place, i.e., approximately from April to the
middle of June.
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In the beginning we laid more stress on our catches of A. philippinensis
in those places which, according to previous literature, were considered to
be ideal for the breeding of A. philippinensis, i.e., tanks of the type already
reported. But soon we also noted a discontinuity in the distribution of
the vector species and, in a minor degree, also in the spleen indices during
the surveys carried out village by village, although tanks of the supposedly
favourable type for the breeding of A. philippinensis were present in every
village. A further investigation on this point revealed that there was a
positive correlation between the proximity of a village to marshy lands or
dead rivers and high incidence of A. philippinensis and higher spleen index.
Anopheline collections carried out village by village were carefully analysed
in view of the topographical features ofthese villages, and in all cases positive
correlation between the abundance of A. philippinensis and the nearness to
marshy areas and dead rivers was found to hold true. (Dead rivers are cul-de-
sac branches that have been cut off for some natural reasons from the main
stream, and in which there is perennial water and usually considerable
submerged vegetation.) Owing to the fact that the plains of East Bengal are
very large and very low and that the river system is very extensive and rivers
often change their course, the number of dead rivers is considerable.

In order that the matter could be fully investigated, several marshy
areas and areas near dead rivers were selected and regular collections made
in (a) villages bordering the marshes, (b) villages about a mile away from
the borders of the marshes, and (c) villages about two to two and a half
miles from the border of the marshes. Control areas (d) were also selected,
which consisted of villages more or less like the former villages but not near
any marshy area or dead river. Care was taken to see that the control
villages all had ponds of the type which were mentioned in the literature
as typical breeding-places of A. philippinensis, i.e., ponds with submerged
vegetation such as Hydrilla verticillata, Ceratophyllum -demersum, etc.

Regular catches carried out during April, May, and June showed
that A. philippinensis was most abundant in the villages bordering marshes.
In these villages the percentage proportion of male to female A. philip-
pinensis was high. As we went to villages further from the edges of the
marshes, the number of A. philippinensis per catch decreased and so did
the ratio of male to female A. philippinensis. Table I shows the results
of catches made in the months of April, May, and June 1950.

On the average in villages bordering marshy lands the number of
A. philippinensis caught per bedroom in a catch for 30 minutes varied
from 4 to 30 or 40. This number decreased as we went further from the
marshes and the ratio of non-vector species (pooled) to A. philippinensis
increased. In the control villages the number of A. philippinensis caught
per bedroom per catch was 0.0 to 0.3 reaching a maximum of 2 per bed-
room in one instance. The ratio of male A. philippinensis to female
A. philippinensis in almost all the control villages was 0.

10
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TABLE L. CATCHES OF A. phillppinensis AND NON-VECTOR SPECIES IN
VILLAGES NEAR MARSHES AND IN CONTROL VILLAGES, APRIL-JUNE 1950

Number of mosquitos Ratio of males to females
caught per bedroomRaiofmlstfe ls

Groups of villages
(according to distance

from marshes) A. Non -vector A. Non-vector
philippinensis species philippinensis species

(a) 0-1 mile
(0-1.6 km) .... . . 6.55 8.2 0.33 0.41

(b) 1-2 miles
(1.6-3.2 km) ..... . 1.6 7.1 0.09 0.8

(c) 2-2.5 miles
(3.2-4.0 km) 0.03 4.18 0 0.86

(d) Control villages 0.186 2.0 0 0.19

Table II shows the catches of A. philippinensis obtained from various
villages around marshy areas and from villages not near marshy lands but
having ponds which in the literature are mentioned as typical for the
breeding of A. philippinensis.

TABLE II. CATCHES OF A. phillippinensis IN BEDROOMS AND VILLAGES NEAR
MARSHES AND IN CONTROL VILLAGES

* Collection made In flrst week of July

Average
Number Number of number of

Village Union Police station of catches Of A. philippin- A. philippin-30 minutes' eni cagtensis caught
duration nicagtper bedroom

per 30 minutes

Villages near marshes
Beltali SidhIa Phulpur 24 148 6.2

Beltalii, ,. 3 35 11.7

Darun
Barabagh Sohagi lswarganj 20 82 4.1

Denga Sidhla Phulpur 4 30 7.5

Khaliajuri Achintapur Iswarganj 3 28 9.3

Nahara &
Baribagh Bokainagar to 118 1,100 9.3

Paschimpara Ramgopalpur to 15 90 6.0

Tangatipara Bokainagar .. 42 270 6.4

Control villages
Atharabarl Atharabari 18 0 0

Bokainagar
(West side) Bokainagar .. 18 0 0

Raghabpur Raghurampur Mymensingh 24 6 0.25

Shyamganj Mailakanda Iswarganj 18 0 0
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The differences in the density of non-vector species in the various villages,
though sometimes marked, were not very significant.

All the collections of water were checked in the villages of type a, b, and
c as well as in the control villages d. In the villages a, b, and c the larvae
of A. philippinensis were found only in marshes or dead rivers ; other
collections of water yielded larvae of non-vector species. In the control
villages all the collections of water yielded larvae of non-vector species
and very rarely larvae of A. philippinensis. The results of larval catches
are reported in table III.

This clearly shows that during this season the main breeding-places
of A. philippinensis are marshy lands or dead rivers.

TABLE I1. LARVAL CATCHES DURING APRIL-JULY 1950

Number of A. philippinensis larvae of non-vector speces
Number of dips

1 st to 3rd instar 4th instar 1 st to 3rd instar 4th instar

Marshy areas or dead rivers

280 49 119 49 82

Control area

980 0 18 29 232

The results of the spleen indices taken in the same or in comparable
areas show that the spleen-rate is higher in the villages near marshy lands
or dead rivers than in those not situated near such areas. Table IV gives
a summary of spleen indices taken during May, June, and July.

The parasite index taken in similar areas during the month of July
shows also some difference between the two types of areas, as expressed
in table V.

It is likely, according to our assumptions, that at the peak of transmis-
sion, particularly after the monsoons have set in, the vector population
may spread in areas away from marshes and dead rivers, and malaria
transmission may occur to some extent also among the people living in
villages not bordering marshy areas.

The abundance of vector species in certain pockets or areas and the
abundance of malaria cases during May and June once again brought
the question of pre-monsoon malaria transmission to the forefront. To
establish with certainty that transmission was going on during the pre-
monsoon season two criteria were taken: (a) finding of infection in the
anophelines, (b) finding malaria infection among infants born after the
end of December 1949, i.e., born after the last transmission season was
over. Dissections showed that the only species infected was A. philip-
pinensis. Sporozoite infections were found in all the infected A. philip-
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TABLE IV. SPLEEN-RATES IN VILLAGES NEAR MARSHES AND
VILLAGES, MAY-JULY 1950

Village Union

Within one mile of marshes or dead rivers

Achintapur .

Bagapota .

Beltali.
Bhabanipur
Darun Barabagh .

Gagla.
Garpara.
Maijhati
Nahara.
Paschimpara
Salpa Paschimpara.

Away from marshes or

Basati.
Dapunia.
Dattapara
Gabisimul.
Hatulia.
Longpur.
Para Panchasi
Dhamdi.

Achintapur
Sohagi
Sidhia
Ramgopalpur
Sohagi
Achintapur
Bokai nagar

of

Ramgopalpur
Bokainagar

dead rivers

Chandipasa
Gouripur
Iswarganj
Gouripur
Sohagi
Chandipasa

lswarganj

Number
of children
examined

73
56

111

31
30
21
31
12
53
54
74

168
62
46
16
81
55

38

TABLE V. PARASITE INDEX IN VILLAGES NEAR MARSHES AND IN CONTROL
VILLAGES, JULY 1950

Blood Number
slides Of Parasite- Plasmo- Plasmo-

Village Union from rpaitive rate dium dium fal- Mixed
children pslities vivax ciparum
examined

Near marshes or dead rivers

Achintapur Achintapur 79 11 13.9 2 9

Atghar Bokainagar 75 23 30.7 7 16 -

Beltali Sidhla 112 21 18.7 7 13 1

Garpara Bokainagar 38 17 44.7 5 12 -

Paschimpara Ramgopalpur 42 10 23.8 1 9 -

Salpa Pas-
chimpara Bokainagar 65 13 20.0 2 11 -

Away from marshes or dead rivers

Basati Chandipasa 165 29 17.6 16 13 -

Longpur 48 11 22.9 7 4
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IN CONTROL

Month,
1950

June
of

July
June

to

..

July
June
May
June

of

Enlarged
spleens

91.8
71.4
70
97
76.4
85.7
93.5
83.4
86.7
94.4
87.1

65.4
74.2
67.2
56.2
74.1
63.6

55.3
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pinensis dissected. The sporozoite rate found in A. philippinensis was 0.39
in May and 0.84 in June. The results of dissection are given in table VI.

TABLE VI. MALARIA INFECTION AMONG ANOPHELINE SPECIES DISSECTED,
MARCH-JUNE 1950

Neither oocysts nor sporozoites found in the infected mosquitos showed
any signs of degeneration. Out of the three positive mosquitos dissected,
one A. philippinensis was from Nahara village, another from Beltali, and
a third from Tangatipara village near Nahara. All the villages from which
positive A. philippinensis were dissected are situated on the borders of
marshy lands.

An examination, carried out during April to July, of 61 infants under
5 months, i.e., born after the last malaria transmission season was over,

Number Infection TotalSpecies of mosquitos .fadissected gut gland Infected

March 1950

A. annularis .... . 104 _ -

A. philippinensis . . . 1 - -

A. vagus .... . . 19 - -

April 1950

A. aconitus .-.. . . 40 _ -

A. annularis ... . . 132 - -

A. barbirostris . .. . 2 - -

A. hyrcanus .2 _ _

A. pallidus 5 -. -.

A. philippinensis . . . 75 _ _

A. vagus . ..61 _ _.-

May 1950

A. aconitus .... . 73 _ -

A. annularis .... . 36 _ _

A. barbirostris . .. . 1 _ _

A. philippinensis . . . 257 1 1 1

A. vagus .... . . 79 - - -

June 1950

A. aconitus . .... 72 _ -

A. annularis . . . . . 18 - - -

A. philippinensis . . . 239 1 2 2

A. vagus ...... 55 - -_
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showed that 10 of them were suffering from malaria during May to July.
Details are shown in table VII.

TABLE VII. MALARIA INFECTION IN APRIL-JULY 1950 AMONG 61 INFANTS
BORN AFTER TRANSMISSION SEASON

Blood Number of Para- Plasmodium Number of
Month slinfats positive site- Village infectedamnanes slides rate vivax falci- mala- infantsexamined ~~~parum riae

Near marshes or dead rivers

April 3 - - - - -

May 14 4 28.6 1 2 1 Bagapota 1
Beltali 1
Garpara 2

June 10 4 40.0 3 2 - Daribiri 2
Nahara 1
Tarakandi 1

July 5 1 20.0 - 1 - Darun
Barabagh 1

Away from marshes or dead rivers

April 4 - - - -

May 18 - - - - -

June 4 - - - -

July 3 1 33.3 1 - Hatulia 1

It is worth noting that during the months of May and June infections
in infants born after the last transmission season, i.e., after the end of
December 1949, could be detected only in infants living in villages border-
ing marshy lands.

From all the results it may be inferred that
1. Pre-monsoon malaria transmission starts in May and becomes

stronger in June.
2. Transmission starts from places near dead rivers and marshy

lands and then, if conditions for an increase of vector population are
maintained, the transmission may occur also in areas away from the places
where breeding of A. philippinensis appears to be more favourable.

Another indirect proof of the existence of a pre-monsoon transmission
season is given by the results of spleen and parasite indices obtained in
areas sprayed with indoor residual DDT for the first time in April 1950,
as compared with the results of areas sprayed with DDT only in June
and July 1950. This is shown in table VIII.

The results in table VIII suggest that DDT indoor spraying performed
in April had prevented the pre-monsoon transmission and, therefore,
the spleen-rate and the parasite-rate in those areas decreased more than
in the areas sprayed after the onset of the pre-monsoon transmission
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TABLE Vil. SPLEEN-RATE AND PARASITE-RATE IN AREAS SPRAYED
WITH DDT

Union |
Spleen-rate Parasite-rate

December 19491 June 1950 December 19491 June 1950

Sprayed with DDT for the first time in April 1950

Atharabari . . . . 82 53.7 15.1 5.7

lswargani . . . 76.6 49.5 12.4 7.8

Sprayed with DDT for the first time in June 1950

Achintapur 91.4 69.7 20.0 14.5

Bokainagar . 84.6 70.0 16.2 30.4

Ramgopalpur 81.1 64.0 16.5 20.6

Sohagi . 79.3 66.2 10.3 10.2

season, i.e., in June and July. This result is interesting on account of
the indication it gives as regards the
residual insecticides in this area.

SUMMARY

Observations were made in the upper
plains of Bengal on the distribution and
breeding habits of A. philippinensis and
the possibility of malaria transmission
in the pre-monsoon season. This research
was carried out while the authors were
engaged in the work of the WHO Malaria
Control Demonstration Team to East
Pakistan frdm May 1949 to June 1950.

A positive correlation was found
between the proximity of a village to
marshes or dead rivers and a high incidence
of A. philippinensis and high spleen index.
On the average in villages bordering
marshes the number of A. philippinensis
caught per bedroom in a catch for 30
minutes varied from 4 to 30 or 40.

Of 1,271 Anopheles caught and dissected
in March-June 1950, three showed sporo-
zoite infection. All three were A. philip-

timing of spraying operations with

RIESUMI2
I1 a ete proc6d6 ah des observations,

dans les hautes plaines du Bengale, sur
la repartition et les habitudes repro-
ductrices de A. philippinensis et sur la
possibilit6 d'une transmission du palu-
disme durant la saison qui prckde la
mousson. Ces recherches ont ete effectuees
par les auteurs a l'epoque oit ils parti-
cipaient aux travaux de l'6quipe de
d6monstrations antipaludiques de 1'OMS
qui a sejourn6 au Pakistan oriental de
mai 1949 a juin 1950.
Une correlation directe a et6 constat6e

entre l'existence, a proximit6 d'un vil-
lage, de mar6cages ou de lits desseches
de cours d'eau, d'une part, et une grande
frequence de A. philippinensis ainsi qu'un
indice spl6nique eleve, d'autre part.
Dans les villages situ6s en bordure de
terrains mar6cageux, le nombre de A. phi-
lippinensis captures au cours d'une
recherche de 30 minutes s'est 6chelonn6,
en moyenne, entre 4 et 30 ou 40 par
chambre a coucher.

Sur 1.271 anopheles captur6s et disse-
qu6s pendant la periode de mars a juin
1950, trois presentaient une infection
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pinensis and were caught in villages near
marshes, one in May and two in June.
An examination carried out in April-
July on 61 infants under 5 months, i.e.,
born after the last malarial transmission
season, showed that 10 were suffering
from malarial infection in May-July,
one of the infants coming from a village
not near marshes.

Another indirect proof ofa pre-monsoon
transmission season is given by the lower
spleen and parasite indices in areas sub-
jected to indoor DDT spraying in April
compared with indices in areas not
sprayed until June and July.

sporozoitique. II s'agissait, dans les trois
cas, de A. philippinensis captur6s, l'un
en mai et les deux autres en juin, dans des
villages proches de mar6cages. L'examen,
durant la periode d'avril aL juillet, de
61 nourrissons ages de moins de 5 mois,
c'est-a-dire n6s apres la derniere saison
de transmission du paludisme, a permis
de constater que 10 d'entre eux etaient
impaludes (de mai a juillet); un seul
6tait originaire d'un village non situ6
a proximit6 de marecages.
Une autre preuve indirecte de la trans-

mission du paludisme durant la saison
qui precede la mousson resulte du fait
que, dans les regions otu des pulv6risa-
tions au DDT avaient et6 effectuees en
avril a l'interieur des habitations, les
indices spleniques et parasitaires 6taient
inf6rieurs a ceux releves dans les regions
n'ayant pas ete trait6es avant les mois
de juin et juillet.
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