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Studies on the Detection of Malaria at Primary Health
Centres. Part JII. Parasitological Profile of Population
surveyed for Malaria through Passive Case Detection

AL BELIATLV!. JA BROHULT? (K. SHARMA? and K.C. SAMANTARAY +

Parasitological profile and its possible correlation with various physiographic features hias been worked aut
for 38 PHCs of Onissa. Variations in the parasite densities (PD} and classes of parasites have al<o been
analysed with respect to age and sex ol the population surveyed. The article attempts to show that
identification of high prevalence areas and high risk groups is lacilitated by careful analysis of parasite

densities and epidemiolopical indices.

INTRODUCTION

After the adoption of the Modified Plan of
Operations (MPO). in 1977-1983 incidence of
malaria in India declined steadily. This was.
however, mostly due to reduction in P. vivax.
Annual vivax incidence steadily dropped. from
9.93 per 1000 in 1976 to 2.06 in 1983. On the
other hand. annual falciparum incidence (after a
spectacujar decline from 1.31 in 1976 to0 0.7% in
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1977) remained by and large stable during 1979-
1983, oscillating between 0.81 and 0.92 per 1000.
This difference in the behaviour of the two
species might be due to an increase of the scope of
drug therapy as an antimalaria measure (Ray and
Beljacv, 1984). Cases of partially suppressed
parasitacmia resulting from insufficient treat-
ment probably became widespread against the
background of rising immunity. This pheno-
menon was further exacerbated by a declining
sensitivity of P. falciparum to chloroquine. As a
result. the parasitological profile of malaria
changed and proportion of P falciparum in-
creased in almost every state.

Considerable amount of parasitological infor-
mation collected in the course of the study on
the reliability of malaria diagnosis by Primary
Health Centre (PHC) laboratories was described
in Part 1 of this series (Beliaev et al; 1985).
Higher than usual standard of blood slide exam-
inaticn during this project gave us the oppor-
tunity to abserve the true parasitological
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profile of the Passive Case Detection (PCD)
subjects.

MATERIAL AND METHODS

The study was conducted in 1981-83 in Orissa
state which is an area of high incidence of
malaria. with predominance of P. falciparum.
Physiographic and malariogenic conditions vary
considerably in the state. As per the National
Atlas of India (1977). Orissa has five physio-
graphic provinces which are parts of three sub-
divisions belonging to two divisions {Fig. 1),

The areas with high malariogenic potential be-
long mostly to Eastern Ghats and Garhjat Hills,
while Utkal Plains and Mahanadi Basin are
much less malarious. Transmission of malaria
which. at least in some dreas. may occur through-
out the year. increases soon after the onset of
monsoon which usually sets in at the beginning
of June. As a rule. incidence reaches its maximum
in August and continues to be ngh tilt Novem-
ber. It declines considerably in December and
January. mostly due to low temperatures. ¢s-
pecially in hilly areas. A moderate increase of
transmission occurs in January and March fol-
lowed by a depression in April-May as a result of
rise in temperature and drying up of breeding
sourees. This depression is more pronounced 1n
the plams.

Thirty nine PHCs belonging te Sambalpur.
Mayurbhanj and Phulbani districts were in-
cluded in the study (Fig. 1). They cover parts of
the following physiopraphic provinges:

— Sumbalpur (Western part)—Mahanadi
Basin
— Sambalpur (Eastern part) —Garhjat Hills
- Mayurbhanj (Eastern and Central part) —
Garhjat Hills
— Mayurbhanj {(Western part)—Utkal Plains
- Phulbani—FEastern Ghats (North)

In short. the study design was to collect slides in
duplicate from patients seeking medical care at
the Pnmary Health Centres (PHCs) and to
process them independently at the PHC and at
the Project laboratories. A detailed description of
the methods is given in Part I of this series
(Beljaev et al, 1985).

Slides were collected by the PHC laboratory
technicians from 100-200 consecutive cases who
were referred lor blood examination for malaria.
The duplicate slides were processed at the PCP
research laboratory in Bhubaneswar. The essen-
tial features of the processing were: use of
Giemsa stain. examination under standard con-
ditions (100 microscopic fields using an optical
system of x100 objective and x7 eyepiece). re-
cording of parasite densities (PD) and blind
cross-checking by an independent laboratory in
Delln. Densities were recorded separately for the
following species/forms: P. falciparum (asexual).
P. falciparum (gametocytes). Poovivax (all forms)
and P. malariae (all forms). The density grades
were recorded in the foliowing way:

Grade  Number of parasites

5 more than 100 per field
10 to 100 per field
I to 10 per ficld
I to 10 per 16 fields
less than 1 per 10 fields

—d e

The PHCs were clussified on the basis of the
specific prevalence of P. falciparum and P. vivax.
Statistical analysis was condueted within each of
the obtained classes of PHCs. sex and apewise.
Ten age groups were taken. six groups at 5 year
intervals from 0 to 29. three groups at 10 year
intervals from 30 to 59 and a group of 60 and
above.

RESULTS

From 39 PHCs. 4[15 slides were collected be-
tween July 1981 and April 1983. Quality of some



—
=
o

INDIAN J. MATARIOGL. VOL. 24. DECEMBER 1987

i 304
2
—
wn
2 204 . 209"
o 5 D ¢
o R, | .
w U>".| . .\\: . .
E 104 10 '.Co' v B . :g
I8 “ . TN 1 .
o . = " ., ~ : A,
‘;‘." g ‘\‘. * - \\‘ :
- T T T T T T T T T T T ) v T v v KL v L i ' 4
o1 vy v vl Vi X X X1 X LY 20 30 40 50 &0
MONTHS SIR

Fig. 22 Monthwise distribution of slide collection,
Total ameount of siides examined by the projece
ighoratory is taken for 107,

of the slides was substandard and only 3506
slides from 35 PHCs were accepted for exam-
ination at the research laboratory of which 3462
were complete with age and sex data. The
distribution of those slides by month of col-
lection js shown in Fig. 2.

Prevalence of malaria varied considerably. The
observed epidemiological situations were clas-
sified according 10 the Sfide Positivity Rate
(SPR) with a further differentiation on the basis
of Siide falciparum Rate and Slide vivax Rate

Fig. 3. Classification of the PHCs on the basis of SPR. SIR
and SvR obtatmed from the results of the project
laboratory.

Each dot corresponds te one PHC. Definitions of the
PHC categories { A to E) are given (R the lext

(SfR and SvR). This was done by plotting the
data on a scatter diagram and observing the
patterns of clustering of the dots. each represent-
ing a PHC (Fig. 3). The following landmarks
were used for classification as shown by broken’
iines: SPR 7% (line ab), SvR 15% (cd). SPR 27%;
(ef) and S{R 40% (gh). Five areas were delineated
in such a way. labelted A to E. to which five types
of epicdemiological situations correspond. Their
general characteristics are given in Table 1.

Table 1, Specific prevalence in five groups of PHCs

Types of Naov. Toial Nao. of cases (%))

situations of PHCs ERAMI: e v o el el e e
ined P. julciparum P vivax F. mala-

e {SYR} rige (SMR)
All{SFR) Gamet, (9,)*

A 2 252 119(47.2) 15(12.6) 13(5.186) AN

B 5 628 154(24.5) 49{31.8) 73(11.6) 6{0.96)

C 19 179% 240(11.h 91{37.9) 11946.61) 24(1.33

D 1 142 1(0.70) HNA**) 3002010 21.41}

E g 641 4(0.62) HNAS 9 ([.4} [{0.16)

Total 38 3462 5IR{15.0} 157¢30.3)

*Percentape of slides with gametocyles out of all . falciparum cases.

**Not applicable. number of observations 1ao small.
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In the situations belonging to the types A. B and
C the prevalence of P falciparum is high while
prevalence of P. vivax may or may not be high. In
type D. the prevalence of P. vivax is higher than
anywhere, but the prevalence of P. falciparum is

low; in type E. the prevalence of all species is
low.

The peographica) distribution of various epide-
miological situations as shown in Fig. 1 may be
described as follows:

(a) PHCs with high S{R (i.e.. groups A.B and C)
never occurred in Utkal Plain and Mahanadi
Basin provinces;

{b) PI{Cs with fow SfR (ie.. groups D and E)
never pccurred in Eastern Ghats (North) and
were very uncommen in Garhjat Hills;

(c) P. malariae was quite common tn Eastern
Ghats (North) and less common in Garhjat
Hills. but was {found only once in Utkal Plain
and never found in Mahanadi Basin pro-
vinces. Its distsibution generally coincided
with the areas of high prevatence of P.
Jaleiparum.

(d) £ vivax did not show confinement to any
geographical province.

Temporal distribution in relation to the seasons
of transmission in Orissa js given in Table 2.

[0]

Totals in Tabfes ] and 2 differ slightly because in
a few cases information about the time of
collection was missing. 1t may be abserved that
with the exception of type A situations, in which
slides were mostly collected during the season of
maximum incidence. majority of slides were
collected during December-March which is a
period of moderate incidence. Number of slides
collected during the peak season (July-
November) was less in types D and E than in
types B and C.

Age prevalence of P. falciparum is givenin Fig. 4.
In situations of type A. SIR has a marked peak at
the youngest age and gradually declines after-
wards. In type B peaks of prevalence are not so
well marked. The prevalence s more or less

Fig. 4. Ape prevalence of P fofeiparum {asexual).

Tablte 2. Time of collection of the slides

Type of No. of Na of shides eaflected {5, of the group totdl) Totd]
situitions PHs
Dec—Mar Apr—Tun Jul-Now

A 2 f(0.0) o .m 252(100} 252
B 5 280(44.6) 86(13.7) 262417 428
C 19 1N58(59.6) 152{10.2} 536(30.2) 1776
D 1 73i51.4) 4330 33 260183 142
E B 352{55.0) 189(29 4 L0eK T 5 63 641
Taotal 35 1763(50.3) SO0 14.5) 1i76634.7) 3419
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Fig 5: Distribution of P. falciparunt (asexual) cases by classes of parasite densities,

uniformly high in young adults and in children,
except the youngest age group of 0-4 years. The
maximum SR of 35.8%/ is observed at the age of
25-29 years and after that the prevalence declines
rapidly. In type C the difference between the age
groups is less marked. but the trend issimilar to
the type B. In all the three types of situations, SfR
in groups below 30 years of age is significantly
higher than in the older groups (Table 3).

Table 3. Agewise comparison of SR

Type 5FR SFR Significance
(0-2%yrs) {30 and ol the
above difference
A §2.70 3LERY PR
B 27.4% 17.3%, p =050/
C 14.5% p =95t

10.5%;

In the situations of tow P. falciparum prevalence
(D and E combined) only five cases of P,
falciparum could be observed among 783 pa-
tients. Four of them belonged to the age group of
30-49 years and one to 0-4 age group.

Distribution of the classes of asexual para-
sitaemia in P. faleiparum positive cases is shown

in Fig. 5. In this and the following pie diagrams
the surfaces of the circles representing each type
of situation were made proportional to the
absolute number of cases. Class 0 refers to the
cases with gametocytes only and no asexual
parasites at all. Cases of P. fakiparum without
asexual parasites were rare in type A situations
(2.5%,) but they occurred more often in type B
and especially in type C (7.8 and 13.8% re-
spectively).

4
i
0
N
i é
24
b c
g
T ™ T - T T
© 10 20 30 4 S0 60

AGE

Fig. 6: Age distribution of average parasite densities of
P. falviparum {asexual).
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Average parasite densities (APD) of P, falciparum
{asexual) agewise are shown in Fig. 6. In group A
there 1s a marked peak at the age of 10-19 years.
There is not much variation in the types Band C.
In high P. falciparum prevalence situations. very
high PDs which are associated with fife-
threatening conditions {class 5) were unusual in
age 200 and above und never occurred after 40
years. Qut of all P. falciparum positive cases. class
5 parasitaemia was observed in 10.77; of patients
of 0-19 years and only 2.24%; of cases of 20-3% age
group.

26049
E - “-". .""A‘-
E 4 _-’.
el 5 5 7
R T S
o 204 \\\
A %

T L 1 L T T T T L T

© 20 30 40 50 60

AGE

Fig. 7: Percentage of cases with patent gametocytaerma
among all cases of P. fofviparum
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In situations of high P. falciparum prevalence,
percentage of P. falciparum cases with patent
gametocytaemia (Fig. 7) showed two peaks. one
in 0-4 and another in 10-14 or 15-19 years age
group. In older age gametocytes occurred only
rarely. In type A they never occurred after 0
years and in types B and C only few cases were
fourd in patients older than 40 years.

Distribution of P. falciparum cases in relation to
gametocyte densities is shown in Fig. 8. Class 0
applies to the cases with asexual parasites only.
Densities of gametocytes were usually low:
76.19; of all cases of gametocytaemia were of
grade . 18.1%7 of grade 2 and only 5.8%; of grade
3. There was no remarkable difference in
the APD of gametocytes in different age
groups.

Age distribution of P vivax was more uniform.
compared with P. falciparum. In high malaria
prevalence situations (types A. B, C and D
combined) the highest SvR was observed at the
age 10-14(12.5%,). 15-19(12.3% Y and 0-4(10.1%,).
SvR in the age below 20 was significantly higher
than in older age groups (9.7 and 5.6% re-

spectively).

2 3 |
23
123
1
1 0
C
B
A

Fig. 8- Distribution of P. fulciparuwm (gametocyles) cases by classes of parasite

densities.
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Distribution of P. vivax cases by PD is shown in
Fig. 9. There was not much variation of PD with
age in P. vivax cases. APD varied (rom 2.4010n 0-4
age group 1o 2.80in 3)-3% age group. Cases with
high D (class 4} could be observed at any age.

A

Fig. 9: Distribution of P vivax and P. malariae cases by
classes of parasite densities.

Prevalence of P malariage in the A, B. C and D
types combined peaked at the age of 20-24 years
(2.9%23% There was a significant difference in
prevalence in the groups below and above 25
years of age (1.52 and 0.58%; respectively). APD
was 2.44. In individual cases. PD never exceeded
grade 3. No correlation of density of . malarice
with age could be found. but this could hardly
be expected in view of the small number of
cases.

There was no consistent difference in the preva-
lence depending on sex. except in group D and
E. In the former. SVR in males was significantly
higher than in females (24.7 and 1589 re-
spectively). In group E not a single case of P.
Jalciparum was found among women (S{R in
males was 1.0%7). Prevalence of P. vivax was also
higher in males than in females, SVR was 1.80and
0.79%, respectively. The only case of P. malariae
observed in this group was also in a male. As a
result. SPR was significantly higherin males. 3.09
as against 0.799%/.

INDIAN J. MALARIOL.. VOL. 24. DECEEMBER 1987

[n the above data the cases of double infections
were included into both the species groups. The
total number of mixed cases wax distributed as
follows:
P. falciparum - P. vivax 14 cases
{including 3 cases without
asexual P. falciparum)
P. fulciparum +P. vivax * P. malariae
P. vivax + P.malariae

| case
[ case

Cases of mixed infections were observed only
in situattons B and C in which P. falciparum
prevalence was high. they amounted to
4.0% of the tatal positive cases in B type and
[.9% in C type of situation (difference non-signi-
ficant).

Twelve mixed cases were observed in males and 4
in females(3.3%, and 1.7% of the total number of
positive cases in the respective sex groups in B
and € types of situations). The difference is.
however. below the significance level.

Mixed cases were never observed in patients of
the age of 40 and above. Prevalence of mixed
cases was higher in young adults than in children.
In the age group of 15-39 years (B and C
situations only) mixed cases were observed in
4.0% of all positive cases. whereas in the age
group of 0-14 years only 1.6% of positives had
mixed infection {difference significant in one-
tailed test at 95%; level).

In mixed cases. P. falciparum usually dominated.
In 10 out of 12 cases in which asexual P.
Jalciparum was present. its density was higher
than the density of the other specics.

DISCUSSION

A great diversity of epidemiclogical situations
was observed in this study This is partly ex-
plained by the difference in time of collection.
This factor probably accounts for the observed
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differences between the types A. B and C. The
seasonal factor alone. however, cannot explain
the extremely marked differences between si-
tuations where the prevalence of P. falciparum is
high (types A, Band C) and where it is low (types
D and E).

It is well-known that various geographical areas
of Orissa have different malariogenic potential.
Coastal plains. for example. are presently much
less affected by malaria than foothills but in-
tensive transnussion occurred in coastal areas in
the past. mostly due to transmission by A
sundaicus which is now thought to be extinct in
the area.

Physiopraphic stratification is a system describ-
ing various hierarchic territorial strata which was
developed for general purposes. Since this system
is a result of integration of a number of charac-
teristics such as orography. climate, flora and
fauna which are all interlinked in a million ways.
physiographic stratification may be used as a
framewaork for specific purposes, including ma-
lariologic stratification.

By and large. the results of this study are in
agreement with the notion of the decreasing
malariogenic potential from Eastern Ghats (Nor-
th) to Garlyat Hills and further to Utkal Plain
and Mahanadi Basin. This study demnnstrates
that boundaries of physiographic provinces are
of a considerable predictive value in identifying
areas with high prevalence of P. falciparum
Further refinement may probably be done by
identifying substrata within such a physio-
graphic framework. by adding other relevant
factors.

There is no evidence of sex difference in malaria
prevalence in situations of high incidence of P.
Jaiciparum Only when the incidence of P. falci-
parum is low. males are more affected than
fernales. which is probably due to greater mo-
bility of the former.

105

However. such situations in Orissa generate only
a fraction of the total number of malaria cases.
Therefore. in areas where malaria is a major
problem. predomination of males among the
patients is the result of under-representation of
females which was discussed in the Part 1 of this
series {Beljaev er al, 1986).

When discussing the subject of prevalence and
PD in relation to age one must bear in mind that
the sumple examined is by no means a random
sample. It was created by a double and some-
times a triple selection:

{2) self-selection by the patients which may
depend on the distance. sex and age;

(b) in the case of young children selection by
their custodians;

{c) selection by the physicians.

That is why many of the observations in this
study differ strikingly from the usual picture of
hyperendemic areas. Malariometric surveys re-
peatedly conducted by us in the same districts
under another PFCP project demonstrated the
age specific prevalence usual for hyper or meso-
endemic areas with marked peaks in 3-9 or
sometimes 10-14 years age groups.

Relatively low prevalence of P. falciparum in the
youngest age group is prohably because among
the chiidren subjected to PCD the causes of fever
are many while among the adults excluding those
of advanced age malaria becomes the most impor-
tant single cause of fever. However. in A type of
situations where a very active transmission was
taking place on the background of hyperende-
micity. the excess over the normal incidence
occurred mostly among the youngest. non-
immune group of children.

APD in this study culminated much later than is
usually observed in the groups subjected to
matlariometric surveys. This is probably because
anly fever cases are screened by PCD and cases of
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lower parasitacmia are more likely to be detected
in young and less immune children in whom
lower densities of parasites are sufficient to
produce fever. Cases with low parasitacmia
among older children and adults are simply not
screened by PCIY 50 APD remains high in those
groups too.

Very high PD of P. faiciparum is occurring not
only in children but sometimes in young adults
also. However. increasing immunity protects
people older than 40 years from very high
parasitaemia. It cannot be excluded that their
rclatively protected status is due to their ex-
perience of very high malaria transmission in the
years before malaria contro] programme started
i.e. 1953,

Tweo peaks of P. falciparum gametocytaemia are
observed. probably because the presence of pa-
metocytes depends both on age (they are more
likely to appear in the youngest age which
explains the peak at the age 0-4) and on the
period of the disease (usually not observed before
12th day of the disease}. Therefore, they are more
likely to appear in cases where the disease
develops slower as in semi-immunes which ex-
plains the second peak at the age of 10-14 or 15-
19. In the intermediate group. the gametocytes
are not present so often as in the youngest group
but the disease is still very acute and cases are
probably being screened on earlier stages of the
disease.

Prevalence of P. vivax may be very high some-
times. Often, but not always the prevalence of
P. falciparum is also high in such situations.

P. malariae is practically not reported {rom
Orissa nowadays. In actuality this speciesis by no
means very rare. Asmay be expected., mixed cases
are mostly observed in situations of high preva-
lence of malaria. The second componeat of the
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mixed infections which is usually 2. vivax or .
malarige 1s 35 a rule presented in small numbers
and. therefore. is usually missed in superficial
examination of a sfide.

[t should be emphasized that the picture de-
scribed above does not represent the totality of
malaria cases because of a selective screening in
the process of the passive case detection. There-
fore. the values. age-specific prevalence and
other indices differ from what is usually observed
in malariometric surveys.

Nevertheless PCID data gives a good idea about
the priority of malaria among other diseases and
of the high risk groups in relation to clinically
manifested malaria. Therefore. they need more
careflul analysis than is usually being doae in the
field. including age and sex breakdown and
evaluation of parasite densities.
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In vitro Chloroquine resistant Plasmodium falciparum in
Calcutta and its sensitivity to Qinghaosu (Artemisitene)

8. SINHA. DS CHOUDHURY! 5.K. GHOSH!. C. USHA DEVI! and V.P. SHARMA®

in vitro sensitivity of Plasmodium fuieipar.m from Cattutta was assessed against chloroquine and ginghaosu
by mricro i vitro test. Six out of 28 {2177} specimens were resistant to chloroquine. All the [ 7 specimens tested
were susceplible lo ginghaosu, This it the first report of chloroquine resistance from Calcutta.

INTRODUCTION

Chloroguine resistant falciparum malaria was
first reported by Sehgater al (1973} {rom Assam.
Since then there was a rapid spread of chio-
roquine resistant strains in different areas of the
country (Sharma. 1984). Chloroquine resistant
parasites hiave been detected in twenty one stafes
or union terntories so far (WHS. 1986; Verma et
al, 1986). In West Bengal resistance to chlo-
roquine has been reported from Jalpaigun and
Puruhia districts (WHS, 1986).

The present study was undertaken to determine
the in vitro chloroguine sensitivity of P falel
parum from Calcutta metropolitan area and also
to test the efficacy of the Chinese antimalanial
drug ginghaosu {artemisitenc).

Accepted for publication: 21 September 1987
*Malaria Research Centre {(ICMR)

22-Sham Nath Marg

Delhi~] 10054, India.

MATERIAL AND METHODS

The study was conducted during November 1986
to January 1987 at the malaria clinic of Regional
Health and Family Wellare Office in Calcutta on
patients belonging to seuthern Caleutta area.
Peripheri! blood smears were collected from
fever cases, stained wiath JSB (Jaswant Singh and
Bhattacharji. 1944) and examined for malaria
parasites. Patients showing adequate asexual
parasitaemia were selected for in vitro tests.
Finger prick blood samples (200 mel) were
collected from malaria patients after ensuring the
absence of chloroquine in their urine samples
following the Dili and Glazko test.

Micro in vitro tests for chloroguine were con-
ducted essentially as per the WHO protocol in
predased chloroquine plates supplied by WHO.
Stack solution of ginghaosu (10-3 M) was pre-
pared in DMF and sterilized by filtration. Plates
were predosed with 2x 10-11 2x ]0-10,
2x10-% 2x10-% and 2x10-"M concen-
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trations of ginghaosu prior to the test in the
laboratory. RPMI-1640 medium with HEPES
buffer (30 mM). gentamyein (40 mp/}) and pH
adjusted 7.2 to 7.4 with 5 per cent sodium
bicarbonate was used as growth medium. Re-
maining procedures for incubation. staining of
parasites from pre and post incubation smears
were same as described in the WHO monograph
series, 1981. A test was valid where at least 10 per
cent schizont maturation was observed in control
wells (Draper er af., 1985). Schizont maturation
at >5.7 pmols of chlorequine was considered as
an indication of resistance (WHO monograph
series. 1981). The minimum inhibitory concen-
trations (M1Cs) of both the drugs were ascer-
tained by microscopic examination from post
incubation smears.

RESULTS AND DISCUSSION

- Dut of a total of 294 blood smears examined from
fever cases. 84 were positive for P vivax (28%,)
and 69 for P. falciparum (23%,). The age of the
patients selected for this study ranged from 6-53
years (mean 25) and asexual parasitaemia ranged
from 550-92000 per mel blood {mean 24591},

Out of 69 falciparum cases, micro in vitro tests
were carried out on 47 as the remaining cases
were found unsuitable for the test. Eighty micro
in vitro tests were carried out, of which 47 were
against chloroquine and 33 against ginghaosu.
Adequatc schizont maturations in control wells
were observed in 28 (59%) and 17 (517;) tests
respectively. '

Results of the micro in vifro tests for chloroquine
(Table 1) indicated that MICs for this drug
ranged from 2-32 pmols. Six specimens (21%,)
were reststant to this drug where schizont growth
at =57 pmols was observed. The MICs for
resistant parasites varied from 8-32 pmols.

Seventeen specimens including chloroquine re-
sistant cases exhibited sensitive responses to
ginghaosa (Table 1) where MICs ranged from
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Twble L. Micro in vitro test: semsitivity of P. faiciparum to
chloroquine and ginghaosu

Sex;age Asexual parasites/ MICs of

mml af bicod  Chloroguine  {inghaosu

prmolwell (M)

M50 24200 16 2x10-2
M3 K0000 16+ 2> H-F
Ml 000 b 2% 10
Fi53 4500 ge 2x]0-?
M/39 13000 5.7 2x10-?
Fi6 38000 16* 2x (09
Fi6 3100 2 NT
M;14 22500 2 2% 10-%
F;20 10000 4 2 ¢ 10-%
Fi7 4000 4 2 x10-4
Fj40 29700 4 2> ]0-8
Fj25 1090 4 2x10-8
M/ 1O 20400 2 2x10-8
M;42 18000 2 NT
M40 550 2 NT
M;23 92000 16* Ix10-8
M/25 19600 32e 2 x10-%
Fi25 60000 57 2% ]0-8
Fil4 2700 2 2> 107
Fi30 17000 4 2x[0-*
M;32 11600 4 NT
M;2I 9500 2 NT
M ;28 57500 4 NT
M /35 22800 4 NT
M2 8800 57 NT
M5 2600 2 NT
F/32 44000 4 NT
M2 2000 2 NT

r
|
[
|
i

*Indicates resistance to chloroquine
NT =Not Tested

2% 10-?to 2 » 10-% M. Earlier, Thaithong and
Beale (1985) reported chloroquine  and
sulfadoxine-pyrimethamine resistant P falci-
parum 1solates from Thailand. which were fully
responsive to this drug in the in vitro, the
MICs ranged from 10-7 to 10-%# M. Childs
(personal communication} has also showed MIC
valvpes of 1.43x10-% and 1.48 « 10-* M for
multidrug resitstant falciparum parasites from
eastern Thailand. MIC values for qinghaosu
obtained from the present study compare well
with those reported carlier. There s also no
evidence of crass resistance between chloroquine
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and ginghaosu as indicated by Thaithong and
Beale (1985} and Childs {personal communi-
cation).

The present study indicates a focus of chlo-
roquine resistant strain in Calcutta. Further
studies are indicated 1o confirm chloroguine
resistance by standard WHO fn vive test as
chloroquine is the first drug of choice for the
treatment of falciparum malaria in Calcutta.
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In vitro antimalarial activity of Neem (Azadirachta indica
A. Juss) leaf and seed extracts

LALITA BADAM! R P DEQLANKAR'. M. M. KULKARNIZ BA NAGSAMPGI7and U Y. WAGH?

Components of ethanol exiract of Azadirachia indica A. Juss (neem) leaves and seeds are reported as
antimalarial for chloroquine sensitive snd resistant strains of Plasmodium falciparum Minimal efficacy doses
of 25 Lo 50 fld concentration were noncylotoxic to Vero {African green monkey kidney) and Chang Liver

{Human loetal liver) cultures.

Lthanol extracis of neem leaves and seeds were [urther lractionated on palarity basic. The noncytotoxic
concentrutions were added to cultures of P. fulciparum chloroquine sensitive strains FAN-5. FCK-3. FMN-
17. FMN-33 and chleroquine resistant strain MP-J1 and their antimalarial activities are reported in minimal
efficacy doses showing compleie clearance of parasites

INTRODLUCTION

Azadirachta indica A. Juss (neem). atropicaltree
with hitter root and shoot has been considered
as a remedy for most afflictions. in ancient
Indian medicine (Sushruta, 1931; Charaka. 1941;
Bhav-Misra. 1984). Hot water extract of neem
given 1o malaria patients cured them of this
disease {Burkill, 1966; Sofovora, 1982) With a
view to study the efficacy of the Jeaf and seed
extracis of Neem against chioroquine sensitive

Accepted for publication: 35 September 1987,
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Pune-411001. India.

*Mational Chemical Laboratory
Pune-411008. India.
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and resistant culture strains of Plasmodium falci-
parum, experiments were undertaken from May
F9%3 to August 1984 employing six cuiture
strains. :

MATERIAL AND METHODS
Maintenance of P. falciparum in culture

P falciparum culture strains used are given in
Table 1. These were maintained ‘in vitro employ-

“ing candle jar method of Trager and Jensen

(1976}, Cuitures were maintained in A Rl =+ ve
erythrocytes using RPMI 1640 medium (Moore
er al, 1967) supplemented with AB Rh -ve
human  serum  {1095;). sodium bicarbonate
0.21%7) HEPES Buffer (25 mM) and genta-
mycin (50 gg/ml).
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Table ). Plasmodium folciparum strains and their sourees

5 Strain Chloroquine*  Place of isolation Name of the Institute that supplied the strain
No. sensitivity
| FAN-3 Sensitive Alwar. Rajasthan (North India)  National Institute of Communicable Diseases,
Delta. India.

2 FCK-2 Sensitive Kolar. Kamataka {South India) St. John's Medical College. Bangalore. India.
3 FCK-3 Sensitive Kolar. Kamataka (Scuth India) St. John's Medical College. Bangalore. India.
4 FMN-I7  Sensitive Yavat. Maharashtra {Central National Institute of Yirology. Pune. India.

i India)
5 FMN-33  Sensitive Sriponda. Maharashtra (Central  National Institute of Virology. Pune_ India

Indiu)

6. MP-11 Resistant Thailand

Mahido{ University. Bangkok. Thailand.

*Sensitive: MED,, <0.05 gg!ml ai 72 hours.
Resistant: MED ;o =04 ag/mi at 72 hours.

Evaluation of antimalarial activiry

Cultures were set with an initial count of 0.5%
parasitised erythrocytes (PPI2) in tall glass vials
(22 » 45 mm) containing 100 g4l packed eryth-
rocytes in 1.5 ml of complete medium. The PPL:
count of cultures at 24 hrs. was & 19. At this
event cultures were treated in quadruplicate
according to the method of Richards and Maples
(1979 with selected concentrations of extracts.
Medivm was changed. smears drawn, stained
with JSB stain (Singh, 1959) and PPE were
recorded every 24 hours. Treatment was fol-
lowed up to 72 hours. About 20.000
cells per slide were counted and PPE was
calculated. Minimal efficacy dose 50
(MED,;) meant a minimum dose at
which 100%, clearance of parasites was observed
in at least 50% of cultures. Around
8 to 10 linear doses were selected within a trial
range 1o determine MED, (Reed and Muench
1938).

Controls

{a) Appropriate untreated parasitised cultures
were maintained as controls.

(b} Normal erythrocyte cultures treated with
¢xtracts were maintained as drug treated
contirols.

(c) Drug pretreated controls: Normal eryth-
rocyte cultures were supplemented with
ethanol extracts of neem leal doses ranging
from 250-1000 gg/ml. The medium contain-
ing neem leafl extract was removed after 24
hrs. These erythrocytes were washed with
RPMI 1640 medium and infected with para-
sitised erythracytes (o set a 0 hour PPL at
0.5. These cultures were followed upto 72
hours along with controls for the growth of
parasites. This control was necessary to rule
out the extraneous effect of neem extract on
host cells.

Control for solvent: Cultures were set with
0.5 PPE at 0 houis. After 24 hours these were
treated with doses ranging from 2.5 to 25 gl
ethanol {Merck) per mi of culture. This
treatment was continued upto 72 hours. This
control was necessary to rufe out the ex-
traneous role of ethanol (used as solvent) in
clearance af parasites.

(d)

Preparation of extracts of Neem
Leaf and seed extracts were prepared as follows:

Leaf extract

(2) One kilogram of leaves were extracted with
ethanol (95%)for two days at room tempera-



BADAM e af: NEEM AS ANTIMALARIAL

ture. Yield of this extract was 25 gm. This
was coded as L.

(b) Twenty gm of L, was washed with petro-
leum ether and acetone, The residue was 5
gm and coded as L ,. It was soluble in water.

Seed extracts

(a) One kilogram of dry neem seed powder was
extracted with ethanol {(95%)) in a Soxhlet
apparatus. It yielded 250 gm of extract -and
was coded as S,

(b) Hundred gm of 8, was washed with petro-
leumn ether. The ether extract weighed 65
gm. Fat free component (35 gm) was extrac-
ted with water. Yield of this extract was 10
gm. This was coded as 5,.

{c) Residue of S, (25 gm) was extracted with
50% ethanol which yielded 5 gm of extract
and was coded as S,

(d) Residue left after 1aking out S, extract (20
gm) was extracted with 75% ethanol which
yielded 10 gm of extract and wascoded as § .

{e) Residue of S, yielded 10 gm and was coded
as S,

(f) One gm of 8§, was passed through a column
(110 ¢m length and 3.5 em diameter) of 400
gm silica gel {120 mesh) using acetone-ether
{1:9) elution gradient with increasing po-
larity upto methanol. The elute was collected
in 3 volumes. The extract from first volume
of elute yielded 400 mg. This was coded as
Ss, .

{g) Extract from tlie second volume of elute
yielded 200 mg. This was coded as S;, .

{h) ECxtract from the third volume of § yielded
250 mg and was coded as Sy, .
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. Dissolution and sterilisation of extracts

Extracts were dissolved in equal volume of
ethanol as used in extraction, sterilised employ-
ing 0.22 ym filter. The desired test doses were
made by further diluting sterilised extracts in
RPMI 1640 complete medium.

Cyrotoxicity

Cytotoxic concentrations of extracts were de-
termined employing Vero (African Green Mon-
key Kidney) and Chang Liver (Human foetal
liver) cell tines. Cultures were set with 2 x 105
celisiml and after 24 hours these were treated
with different concentrations of extracts in qua-
druplicate at doses ranging from 10 to 10.000
pg/ml. Cytotoxic effect was assayed and re-
corded as tissue culture LD, /ml dose.

RESULTS

Supplementation of culture medium with
ethanol to the extent of 25 gl/ml (Fig. 1) and
cultures of erythrocytes pretreated with neem
leal ethanol extract to the extent of 1000 ug/ml of
culture (Fig. 2) did not not show any inhibition
of growth of parasites. The maximum ethanol
content of drug dose was 1.25 ul/ml. These
obstrvations clearly indicate specific antima-
larial activity of different ncem extract fractions
and rule out any extraneous effect of solvents on
parasites or neem extract fractions on eryth-
rocytes.

Variation in the response amongst different
strains of P. falciparum was negligible; even a
chloroquine resistant strain MP-11 showed a
pattern sirhilar to that of average chloroquine
sehsitive strains {Table 2).

The MED,, dose of ethanol extract of neem
leaves (L ; 25-75 yg/ml) was much lower than
the cytotoxic dose (2000-2500 yg/mi). ‘Ether-
acetone extract’ free component of L, (L.,) had
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Fig. 1. Effect of ethanol on Plaxmodium falciparum ‘ir vitro .
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Fig. 2= Effect of neem leaf ethanol extract pretreatment on Plammodivm falciparim
‘in vitre',
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less antimalarial activity (MED;: 750-1000
ug/ml). Tt meant most of the active principles
were washed away by ether and acetone. Ether-
acetone extracts of neem leaves were too oily to
be supplemented to the culture.

Ethanol extract of neem seeds (S,) also cleared
the parasites (MED : 200 ug/ml). however, its
effect was rather less than the L,: ethanol extract
of leaves. Aqueous extract of fat free S, (S,) had
less antimalarial activity (MED g 700 ug/ml).
again confirming that most of the active prin-
ciples are located in lipid portion. Extraction by
507% ethanol of S, residue (S,; MED_; 300
ag/ml) had higher antimalarial activity than S,
Repeating the trend. 757, ethanol extract of S,
residue (S,; MED,: 100-150 gg/mi) showed
higher antimalarial activity than S, and residue
of S, (S; MED,,: 70-100 ug/ml) had higher
antimalarial activity than §,. Medium and low
polas fractions of 8, (S5, +Ss,, ) had high-
est antimalarial activity (MED,;: 25-50 gg/ml)
amongst all the extrabts at doses which were non
cytotoxic. These were comparable o ethanol
extract of leaves.

The MED,, doses for chloroguine sensitive
strains (.01 to 0.05 gg/mi) were lower than that
of chloroquine resistant MP-11 (0.4 pg/ml).

DISCUSSION

Plant extracts have been reported to have anti-
malarial activity (Trager and Polonosky. 1981;
Jiang et al, 1982; Gusu er al, 1983). Rochanakij
et al. (1985) have reported that ethanol extract of
leaves 4. indica var. siamensis is effective against
resistant strain of 2. falciparum Bray ef al (1983)
have also reported that bark and leaf extract of
A. indica have antimalarial activity ‘in vitro’
against a multi-drug resistant strain of P. falci-
parum. 1t is evident from the present study that
different fractions of neem {A. indica 'rom India)
leaf and seed exhibit efficacy against malarial
parasites. The most potent being ethanol extract
of leaf and medium polar fraction of seed extract.
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although all other fractions also suppressed the
growth of parasites within 72 hours at slightly
higher doses.

As against ginghaosu (Artemisinine) neem frac-
tions are stable in ethanol.

Experiments conducted on the effect of neem leaf
extract on erythrocytes clearly indicate that it is
not toxic to erythrocytes. lithanol extract of
leaves and seeds of meem contain terpenaid
lactone. nimbolide. triterpenes. nimbidin and
sodium nmimbidinate (ICMR, 1976). As nim-
bofide is the major constituent of these extracts.
antimalarial activity could be due to it.

[t is pertinent to mention here that practitioners
of the Indian medicine system of “Ayurveda”
prepare oral doses of neem for malarial patients
by decoctingabout 500 gm of leaves or extracting
them in aicohol or water. Antimalarial cum
antipyretic activity of neem was reported by
Charaka (2000 BC) and Sushruta (1500 BC) in
their books on Avurveda (Recent editions of
these books are referred as Sushruta, 1931 and
Charaka. 1941). Decoction contains lipids in the
form of emulsion. Alcohol extract has better
shelf life and decoctions are also preserved in
alcohol.

Results of the present study ‘in vitre' clearly
indicate that neem irom India has some active
components in both leaf and seed extracts which
are responsible for extirpating chloroquine sen-
sitive and resistant malaria parasites from the
cultures.
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Immunofluorescence Test in the Seroepidemiology of

Malaria around Delhi

RAMFSH KUMAR? Y BHARADWAY! M A ANSARTZ R XK. RAZDAN? and V.P. SHARMA?

Serological profile and parasitaemia was determined in 3 areas around Delhi in the peak transmission
(1 survey) and non-transmission ([T survey} period of Plasmadium falciparum OF the 6598 serum samples
assayed for malarial antibodies by the [FA tesi. 4347 were assayed in the | survey, and 2451 in the 11 survey. A
mathematica] modelivused for conversion of the serological data obtained to infection rates which provided
a hetter estimate of the malarial preblem in a community as compared te blood smear examination.

INTRODUCTION

The usual malariometric indices to determine
malaria endemicity rates include splenomepaly
and parasitaemia. Both being rather unsatisfac-
tory. particularly at low levels of transmission.
serological procedures have been used for epide-
miologicaf purposes in malaria in several parts of
the world (McGregor et al, 1965; Draper et al,
1972b; Bruce-Chwatt er al, 1975. Lobel ¢r af,
1876; Cormnille-Brogger e al, 1978) including
the indirect fluorescent antibody test
{Volier. 1971a; Draper et al, 1972a). We
have employed 1FA on serum samples collected
from threc different areas around Delhi and
used the data to calculate malaria infection
rates. It is shown that the data on age related
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prevalence of malarial antibodies could be em-
ployed to determine infection rates in different
communities, which correlate well with the re-
sults of smear examination for malarial parasites.
We fect that seroepidemiology may provide a
better tool for surveillance of muluria than the
parasite index.

MATERIAL AND METHODS

The number of samples tested by IFA from iliree
different tocations around Delhi are shown in
Table I. The first survey was carried out during
the peak transmission season of P. falciparum
{(Naovember-~December. 1985) and the second
survey during the non-transmission season (Feb-
ruary—March 1986). The three areas were chiosen
due to the known differences in the incidence of
malarial infections. lowest being in Sonepat
and highest in Ghaziabad. A number of villages
were tncluded in each of these three areas.

The details regarding the collection of samples.
preparation of blood smears. their transpors-



120

30
20 «—= P FALCIPARUM
a *-= P VIVAX
W 10
3% o
(7%
Iy &
N g
Ll
2 N

INDIAN J. MALARIGL . VOL. 24 DECEMBER 1987

-
T oa
-

T, St

20 IFiRSt SURVEY

160 SECOND SURVEY

BO

GEOMETRIC MES&N
ANTL BODY TITRE

w100

J

4., B0

= -

a- &0

R

g0

]

Zn

~2
LIRS O L TAY 5
SOMEPAT

i
E?MM@EM |

5415 15-¢45 245 5
GURGAON

élé
E-¢15 15-¢45 345
GHAZIABARD

Fig 1: Agewise distribution of TF malarial antibodies in different study groups. The
smear positivity results of [irst survey are depicted. The second survey smear

results are shown in Table 2.

Table ). Number of samples assayed from different locations
for the IFA test for malarial antibodies

15t 2nd
§. No.  Area Survey Survey
I. Sonepat 1z 901
(& wvillages)
2. Gurgaon 1229 779
(15 villages)
3 Ghaziabad 1707 i

(12 villages)

tation to the laboratory etc., have been reported
earlier (Kumar et af, 1986).

Serological procedure

The IFA test was carried out Voller, 1971b using
an antigen prepared from in vitre cultivated

Plasmodium falciparum containing >5% mature
schizonts (Trager and Jensen. 1976). Twelve
smears were prepared on each microscopic slide.
which after drying were wrapped and preserved at
-70°C tilt tested. The filter paper eluates served as
the material for antibody estimation (Kumar ef
al, 1986) and were diluted serially {rom 1/20 to
1/640. The antigen smeared slides were removed
from—70"C and allowed to remain at room
temperatire for 30 mins.. and then covered with
diluted serum samples. Positive and negative
control serum samples were included with each
baich of tests. After incubation at 37°C for 30
mins. in a moist chamber the slides were exten-
sively washed thrice with PBS pH 7.2 and
covered with optimum dilution of antihuman
IgG-FITC conjugate (Dakopatts). These were
incubated at 37°C for 30 mins. and washed as
before. The slides were mounted in 50% glycerol
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and examined under incident light fluorescent
microscope (Carl-Zeiss). The results were ex-
pressed as reciprocal of the highest ditution of the
test sample giving a clear positive reaction. The
serum titres of 200 and above were taken as
positive. End titres were not determined 1
samples giving a positive reaction in i:640 di-
lution.

Statistical method: The mathematical model used
for calculation of infection rate in the study po-
pulation is described in detail by Draper er af,
in 1972a. Briefly. the probability of 4 child never
having been infected in n days = (1 —A) we-™
where & is 1he probability of a child getting
infected in one day. According to the above
method. the probability of being infected in one
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yeari.c.. infection rate will be = 1-e™* where uis
365), and A is age measured in years.

RESULTS

The per cent individuals positive for antibodies,
their mean IFA titres and the results of smear
examination for malarial parasite are shown in
Table 2. The antibody levels and the smear
examination results show a fair correlation,
particularly during the second survey. The age
related distribution of antibodies is shown in
Fig. 1. The IFA antibodies in different populations
showed an increase with age, as expected. In
arcas of maximum transmission {Ghaziabad) the
parasitaemia showed an inverse relationship with
antibedy titres. In Gurgaon on the other hand,

Tablz 2. Antihodies and parasitacmis in different locations investignted

Antibody Blood smears examined
AT Per cent individuals oM Per cent smear
positive positive
Ist survey Ind sorvey Ist survey 2nd survey Ist survey Ind survey
Sonepat 14.86 2304 13.92 21 66 0.25 0.00
Gurgaon 14.56 31.56 14.30 21.33 0.98 .38
Ghaziabad 66.94 (4.98 135.09 116 18 917 .20

GMT = Geometric mean titre.

Table 3. Comparison of malarial antibodies during the transmisslon and von-transmission seasons in 45 years age group

Antibody titre N 2
Ases - tibody eg. 4
e 640 320 160 80-20
Ghaziahad
I survey 77 8 6 7 19 112
1T survey [ i 0 2 12 p=0.02
Gurgaon
| survey 8 2 3 8 37 11.03
Il survey 2] I 3 6 [9 p<D.0O2
Sorepat
1 survey [ 7 [ 22 &6 41.97
[ g2 p=<<0.001

IT survey 40 2 4
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Fiy 2. Graphic representation of infection rates of malaria

calculated from IF antibody profiles in different
study groups. For calculation of infection rates. the
serological data in children helonging to the age
group of 1-5 years only was taken into account.

initially the number of people with parasite in
the peripheral blood increased with age but in
Inter age groups they seemed to decrease. In
Sonepat. with very few smears positive for
malarial parasites. it is difficult to comment. but
the general impression obtained is that smear
positivity increased with age. Somewhat higher
antibodies were found during the second survey
in comparison 1o the first survey in all the areasin
all age groups. with few exceptions.

In the age groups above 45 years a comparison
between the first and second surveys (Table 3)
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shows that the proportion of individuals with
antibody as well as their titres are significantly
higher in the non-transmission season in
all the three areas. The infection rates calculated
from the seralogical data obtained in the [-5
years age graup for three localities are shown in
Fig. 2. Since the calculated rates for the two
surveys were not very different. the data was
pooled and the final results are shown in Fig. 3.
The infection rates in Ghaziabad. Gurgaon and
Sonepat were 19.9. 6.9 and 5.6 respectively.

DISCUSSION

The immunologic profile of a population is the
sum total of previous individual experiences. The
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A0t
20r __.___.—’—f’—’_'

AGE IN YEARS

Fig. 3 Graphic representation of infection rates of malaria
calculated by pooling the data from two surveys for
{F antibodies in the threz populations studied.
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response of the individual to these experiences is
affected by age. immunological competence.
cumulative exposure to malarial antigen and
kind and amount of specific therapy used. In
seroepidemiolopy, therefore, a sensitive test like
IFA provides period prevalence data which is
mere informative as compared to point preva-
lence data given by parasite rates (Collins er
al, 1967, Mcfarlane et af, 1970; Meuwissen,
1974; Spencer e1 al, 1979). Our resuits of the
surveys also show clearly that the seropositivity
correlates well with parasitaemia. more so during
the non-transmission season. The amount of
antibodies were higher in the non-transmission
season. As observed earlier (Kumar et af, 1986)
lower antibody titres during the peak trans-
mission could be due to absorption of antibodies
by the parasites in the blood at a rate faster than
they are produced. Therefore, non-transmission
periods seem better for studying the antibody
profiles for epidemiological purposes.

Repeated exposures in endemic areas should
result in increasing antibody levels which would
be reflected in an age related ‘increase (Collins et
al, 1967, Draper er al, 1972b). As seen in the
results (Table 3) the IFA antibodies increased
with age in all the three areas investigated. It is
known that repeated exposures to malarial para-
site in endemic areas result in induction of
immunity (Mcfarlane er al, 1970). It is, there-
fore. reasonable to assume that with higher
incidence of malaria, the immunity would mani-
fest earlier than in areas with lower incidence of
malaria. Our results on age related parasitaemia
conform to this view. In Ghaziabad with highest
incidence of malaria, the immunity was seen
quite early, while in Sonepat there was no
indication of immunity even in the >45 yearsage

group.

Further analysis of the data is required to get a
more definite mathematical expression of the
serological profiles. For this, we have used a
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mathematical model as advocated by Draper et
al. (1972a). The congenital antibodies may be
present in <] year age group and the presence of
antibodies in > 5 years age will not have any
present epidemiological significance. Therefore,
while calculating the infection rates using the
above model. we have restricted ourselves to the
serological data obtained in 1-5 years age group
only, The infection rates as calculated are highest
in Ghaziabad and lowest in Sonepat, and in
between in Gurgaon. This correlates well with
the results of blood smear examination for
malarial parasites. However, the calculated in-
fection rates for Gurgaon and Sonepat are much
closer than would be expected from the results of
smear cxamination. We believe that serological
data provides a more realistic estimate of the
infection in a community. Draper ef ¢l (1972a)
have claimed that seroepidemiology is likely to
be most useful at lower levels of transmission,
because of higher sensitivity and particularly in
situations where transmission c¢ycle has been
disturbed by the use of insecticides or drugs.

In addition to their higher sensitivity, there are
other reasons for serological methods to be more
suited for malaria surveillance than smear
examination because collection of samples is
simpler, and their screening is quicker,

Serological methods do not permit a distinction
to be made between P. vivax and P. falciparum
infections, because of extensive cross reactions
between the two parasites. Modern technology
permits the identification of specific antigens of
the two parasites. which should be attempted to
further improve the value of seroepidemiology in
malaria.
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Specific 1gM and IgG antimalarial Antibody responses in
paired samples from Malaria patients

KRISHAN GOPAL' I K. SRIVASTAVAZ RAGINI SINHAZ S K. DAS:. GP. DUTTA®.
M.N. PASSLY'. MADHUR KUDESIA® and §.5. AGARWAL

Serial estimations of IgM and JgG antibodies are helpful in the diagnosis af different infectious diseases.
However, in endemic countries the role of serial estimation of igh titres in diagnasis of malanaisnot known,
T'gG and IgM antibodies directed against P. falciparum have been studied by IFA-PF test in 21 slide positive
matkaria patients living in high endemic areas. 1t was observed that 1gM antibody titres were raised in first
samples and declined after 4 weeks time except in 2 patients. The 1gG tevels increased after 4 weeks interval.
This suggests that serial IgM and 1pG antibady estimations may prove useful in diagnosis of recent malaria

infections.

INTRODUCTION

Antibodies to malarial parasite can be readily
demonstrated by a variety of serological tests.
namely indirect haemagglutination assay (THA).
indirect fluorescent antibody assay (IFA) and
enzyme linked immunosorbent assay (ELISA)
ete. (Collins er af, 1964, Voller et al, 1975;
Agarwal ef af, 1981; Dutta er al, 1982) These
tests have been primarily used for epidemiologi-
cal studies (Collins er al, 1968; Kagan, 1972;
Vollereral, 1980; Agarwal ef gl , 1982) but there
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Dethi. India.
*K.G. Medical College
Lucknow-226001. india.
*Central Drug Research Institute
Lucknow-226001, India.
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too they suffer from the disadvantage of not
being able to distinguish between recent and past
infections (Collins et ai., 1968; Yoller and Bruce
Chwatt, 1969; Das er al, 1985). This has gen-
crated interest in developing tests which can be
used for detection of malarial antigen (Bidwell
and Voller, 1981; Avraham et al, 1982; Mackey
et al., 1980) or detection of the parasite by DNA
probes (Barker et al., 1986; Pollack et al, 1985).
Although these tests are successful but they are
still in their infancy. An alternative approach
could be to study the IgG and IgM type of
antimalarial antibodies in paired samples. The
results of such a study are presented in this paper.

MATERIAL AND METHODS

Paired serum samples were collected from 21
patients suffering from malaria who were attend-
ing Out Patients Department of Hindu Rao
Hospital, Delhi. Of these, eight (38.095%,) were
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Fig. 1 (1) Distribution of JgM titres in paired samples of individual patient using
P fafciparum antigen and 1FA test.
(b} Compurison of GMRT's obtained in first and second samples of Group,
Iz and Ib.
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Fig. 2 () Distribution of IgG titres in paired samples of individual patient using
P. falciparum antigen and IFA test.
(b} Comparisor of GMRT's obtained in first ard second samples of Group
[a and 1b.
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positive for P. falciparum, eleven (52.38%,) for P.
vivax and two (9.52%;) had both P. falciparum and
P. vivax infections.

All patients gave characteristic history of high
grade fever with chills and rigor. In 12 patients
(54.657%) first blood sample was collected within
1 to 7 days of onset of fever. in 6 (27.27%;)
between 8 to 15 days. in | (4.44%) between 16 1o
2] days. and in 2 (9.09%) between 2] to 28 days.
All the patients were given chloroquine after
collection of first blood sample and all responded
to it. A second sample from the same subject was
collected after four weeks of antimalarial treat-
ment.

All sera were stored at 20°C with sodium azide
(NaN,) as preservative and were inactivated at
56°C for 30 minutes prior to test.

IFA test: Smears of schizont stage of P. fafer-
parum parasite from in vitro cultures were ob-
tained from Dr. Krishna Ray. NICD. New
Delhi. These slides were used as source of antigen
for IFA test. All the serum samples were tested
with the antigen (slides) of same batch. The 1FA
test was performed essentially as described by
Voller and O"Neil {197]) except that the antigen
stides were prefixed in chilled acetone for 30
minntes at 4°C. The results were recorded on
Zeiss epiflporescence microscope. nsing exciter
filter BP 546/12 and Barrier filter P 590.

RESULTS

IgM antimalarial antibody: The results of the
IgM antimalarial antibody titre in paired serum
samples from patients with malaria are shown in
Fig. la. Both, in those where the [irst blood
sample was collected within the first week of
onset of fever (Group Ia) or later (Group Ib), the
IgM antimalarial antibody titre showed a decline
over a four week period (there were two excep-
tions. one in each group. where the IgM anti-
bodies were higher in the second sample). Cor-
responding GMRT values are shown in Fig. Ib.
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In Group la, GMRT for IgM antibodies in the
1st sample was 143.68. It fell down to 32 in the
second sample. In group Ib, corresponding val-
ues for the first and second samples were 101.59
and 29.63. respectively. The degree of fall in
individual subjects varted from 2 to 32 fold.
These results are given in Table 1. The fall was
comparatively more in Group Ia than Ib.

Table 1. Nomber of patients showing changes in g™ type of
antimalarial agtibody titre in paired samples

Change in titre Group 1b**

Group [a*

No. o) No. G
Nao chanpe — -~
Decrease 2 fold - 2 (22.2)
4 fold 7 (58.3) 4 (44.4)
& lold 2 {16.7} | (1.1
16 fold I (8.3 | (1L.1)
32 fold 1 {8.3) —
Increase | (8.3 1 {iiy

*1a. ~wherefirstblood sample wascollected within® seven days
of ansel of fever.

**[h --where first blood sumple was collected after seven days
of onset of lever.

IgG antimalarial antibody: The results of IgG
antimalarial antibody titre are shown in Fig. 2a.
In _alt the subjects, except one, the IgG anti-
malarial antibedy titre in the second sample was

Table 2. Change in titre of [gG antimalarisl antibody in paired

samples
Change in titre Group 1a* Graoup [t
No, a) No. )
Na change
Increase 2 fold 1 (%.3) —
4 fold 4 (33.3; 6 66 6)
8 fold 1 {25.0 -
i6 fald k) (25.0) 2 {222
32 fold 1 iR —
Decrease 1 (1.1

* a—wherefrsthlood samplewascoliected withinsevendays
of onset of fever,

*+*{bh—where first sample was collected after seven days of
anset of fever.
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higher than that of the first sample. The GMRT
of IgG antibody for Group la in the 1st sample
was 101.32. It rose to 767.13 four weeks later.
Corresponding values for Group Ib were 449,14
and 1339.44 respectively {Fig. 2b). The rise in
titre among individual subjects varied from 2-32
fold (Table 2).

DISCUSSION

Results of the present study show that fallin IgM
and rise in IgG antimalarial antibody titre in
paired samples collected at an interval of four
weeks can be used for confirmation of the
diagnosis of recent attack of malaria. This ap-
proach appears to be useful even when the
patient comes after first week of the onset of
fever. Perhaps, a ratio of IgM/IgG antibody titre
may be evolved which can distinguish between
recent and past infections. A similar approach
has been followed for serological diagnosis of
rubella and toxoplasmosis (Alford et af .. 1975).

For many infections it is known that first anti-
body formed during primary immune response is
of the 1gM type. It subsequently switches over to
1gG type. In secondary immune response the
antibodies are predominantly of the 1gG type.
Kuvin et al (1962) and Collins ez gl {1971) have
observed that in both the simian and human
malarial infections initial immune response is of
the IgM type. However, the type of immune
response to acute malarial infection in endemic
areas, where past exposure to malaria can not be
excluded, is not known. Our findings indicate
that even in these circumstances the initial im-
mune response consists of rise in IgM antibodies
even though IgGG antibodies are also elevated.
One explanation for these findings could be the
possibility of high degree of antigenic variability
so that at each fresh infection the response
is essentially of the primary immune type.
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Comparative cost of mosquito control with Larvicidal

Bacilli and Insecticides

K. BALARAMAN? and S.L. HOTI!

The preduction costs of the larvicidal bacilli. Bacitfus rhuringiensis 14 and Bacillus sphaericus were worked
out on the basis of inputs used to produce them in a 131l working capacity laboratory fermentor. Whereas
the production cost of one batch of B thuringiensis H14is US § 11.02. the production cast of 8. sphaericus is
US §13.34 Also. the costs involved in controlling mosguito larvae in an area of one hectare with the bacilli
and chemical larvicides were compared. The analysis showed that the cost of larval control with bacilli is
more or less equivalent 1o that incurred if fenthion is used., but signiticantly lesser if malaria oil or paris green

or abate is used.

INTRODUCTHON

The use of biological agents for mosquito con-
trol, as alternative to chemical insecticides has
heen considered for several reasons. More energy
and money has been spent in developing B
thuringiensis Hl14 and B. sphaericus for this
purpose. The Vector Control Research Centre
has been conducting in-depth studies in this area
and has isolated, developed and tested several
strains (Balaraman e7 af, 1981; Hoti and Bala-
raman. [984; de Barjac er al., 1985; Balaraman
and Hoti. 1987, Kuppusamy et al, 1987). On the
basis of the data obtained from these studies an
attempt was made to analyze the cost-
effectiveness of using the two larvicidal bacilli for
mosquito control in comparison with insec-
ticides. The details of the analysis and the
conclusions drawn are presented in this paper.

Accepied for publication: 11 November 1987,
"Weetor Control Research Centre (ICMR)
Pondicherry-605006. India.

MATERIAL AND METHODS

Two strains of B thuringiensis H14. VCRC B17
(Balaraman et al, 1981} and VCRC MB24
(Balaraman and Hoti. 1987) and one strain of 8.
sphaericus H5 ab. VCRC B42 (de Barjac et al,
1985) were taken up for the study. These strains
were cultused in a 13 lit working capacity labo-
ratory fermentor using jaggery (country sugar)
carn-steep liquor medinm. After completing fer-
mentation the hiomass of the bactll was har-
vested and prepared as briguette formulation
using buoyancy and binding agents (Balakrish-
nan ef al., 1986). The cost involved in producing
the formulation was worked out taking into
account the prevailing cost of inputs as detaited
below:

The components of the jaggery-corn-steep liquor
medium are. Jaggery: 1.5%,; Corn-steep liquor:

%o Potassium dihydrogen phosphate: 0.01%;
Magnesium sulphate: 0.05%; Sodium chloride;
0.30%; Ferrous sulphate: 0.015;; and water: 1000
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ml. Among the major components, jaggery is
manufactured from sugarcane while corn-steep
liguor is a by-product of starch industry. The
biomass of the bacilli was harvested from the
culture broth by sedimentation with alum (pot-
assivm aluminium sulphate) at the rate of 10
gm/lit and then decanting and freeze-drying.

The freeze-dried biomass of the two bacilli was
used as active ingredient of the briguette for-
mulation. The proportion of vartous com-
ponents used to make 100 briquettes are. Cork
powder: 166 gm; Inert matter: 400 gm; Plant
resin: 100 gm: and Active ingredient: 100 gm.

Equipment: The depreciation value of the labo-
ratory fermentor and other accessories after 10
years of use was assumed to be zevo. The total
cost of the laboratory fermentor. US § 36500 was
thus divided by 10 » 365 » 24 in order to aryive
at the cost per hour.

Personnel: To produce a batch (120 briquettes)
of either B thuringiensis H14 or B sphaericus
formulation the labour involved is 8 man hours
eachof atechnician drawinga salary of US $3.75
and an assistant drawing a salary of US § 2.92,

Energy: This was calculated on the basis of elec-
tricity consumed by the fermentor and other
accessories used in the down stream processing.

Building: The initial value of the building space
used for the process was assumed as US § 16670
and its depreciation value after 10 vyears was
assumed to be zero,

Laboratory maintenance: The charges involved
in maintaining a laboratory for quality control
tests, inoculum preparation. etc., were worked
out at the rate of 19 of the total production cost.

Servicing and maintenance of equipment: The
servicing and maintenance charges of equip-
ments were worked out at the rate of 209 of the
equipment cost.
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Chemical larvicides: The cost of larval control
using chemical larvicides such as fenthion, paris
green and abate was calculated on the basis of
recommended doses (Mulla ef af.. 1974) and
prevailing prices.

RESULTS AND DISCUSSION

The details on the production cost of B
sphaericus and B. rhuringiensis H14 are given in
Table 1.Qut of the freeze-dried biomass obtained
per run (of either of the bacilli} 120 briquettes
were prepared. The production cost of one such
batch of briquettes from the B. thuringiensis H14
strains. VCRC B17 and VCRC MB24d was US §
12.10 and US § 11.02, respectively. In case of 8.
sphaericus strain the cost was US § 13.34. The
analysis thus shows that the production cost of &
thuringicnsis H14 strains are lower than the pra-
duction cost of the 8 sphacricus strain by US §
1.24-2.32. This increase is due to more time (24-
28 lir.) taken by the B. sphaericus strain to grow.
sporulate and synthesize desired level of the
larvicidal factor than B. thuringiensis H14 strains
(Balaraman and Hoti. unpublished data} which
Table 1. Production cost of ane bateh* of B thuringiensisH14
and £ sphaericus strains (in laborafory fermentor, of 13 fit.
working capacity)

Inputs B thuringiensis B sphoericus
__ H}astrains _ Hiab strain
V(RO VCRC  VCRC B42
BI7 MB24
Us s uss Uuss
Raw materials 1125 L7 1.25
Fquipment 0.42 0.42 (.42
Personnel 6.67 667 8.67
Lnergy 37 217 433
Building 0.25 125 0.25
Laboratory a7 07 0.25
maintenance
Secvicing and 017 037 0.17
mamntenance of
equipment
Tatal 12.10 10.02 13,24

*One batch of product is equivalent to 120 briguette for-
mulations,
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consequently push up the cost of energy.
laboratory maintenance and overhead charges.
Among the B rhuringiensis HI4 strains
there is a difference of US § 1.08 between the
production cost of VCRC Bl 7 and VCRC MB24
due to less cost invatved in harvesting {no need to
add alum to sediment the biomass) of the latter
and also due to consumption of less energy
{(VCRC MB24 can be harvested four hour earlier
than VCRC BI7) (Balaraman and Hoti. 1987).

In a laboratory study. the briguette formulation
of B sphaericus was found to release active
ingredient and kill mosquito larvae continuously
for 28 days (Kuppusamy et al., 1987). Similar
type of brigquettes made from B thuringiensis
HI4 were found to control larval populations of
Culex vishnui gr. breeding in disused wells for
over 4 weeks at the dosage of 660 brigquettes/ha.
(Balakrishnan et al, 1986). Thus, based upon the
production cost of the briguettes estimated in
this study, the cost of larval control for 4 weeksin
an area of one hectare works out to be US §
61.44-74.20 (Table 2). When the cost of larval
control with malaria oil or fenthion or paris
green or abate is compared with that of the two
bacilli the following picture emerges (Table 2).
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With fenthion, the cost of larval controf works
out to be US § 67.00 which is more or less equal
to the cost incurred (US § 61.44-74.20) if B
thuringiensis H14 or B. sphaericus is used. How-
ever. if the other insecticides are considered for
larval control the cost is pushed upto US § 8§3.68-
159.00 which is much higher than the cost
involved for either fenthion or the two bacilli.
This is mainly due to the higher charges involved
in the application of the chemical larvicides every
week whercas the briquette formulation of the
bacilli are to be applied once in four weeks.

Thedata leads us to conclude that the briquette
formulation of both B thuringiensis H14 and B
sphaericus are as economnical as using fenthion
for mosquito larval control and cheaper when
comparsed with the cost involved in using other
conventional larvicides, apart from the other
advantages of using them. viz.; (i) safety to non-
target orpanisms; (ii} lack of environmenial
poliution and (iii) production is not dependent
upon non-renewable sources of raw materials.
Also, there is further scope ta reduce the pro-
duction cost of the two bacilli by scaling up the
production to industrial Jevel using improved
strains and cheaper raw materials and by improv-

Table 2. Comparative cost of Jarva) conirol (in unpotluted waters) per hectare for four weeks with chenical and microbial

larvicides
Cost of larvicide Cost of labour
S Total cost
Larvicides Unat Dosape;  for one  for four forone for four  of Jarval
Price hectare  appli-  applica- applica- applica- controf for
Uss cation tions tion tions four weeks
UUss 15§ Uss USs Uuss
Chemical
i. Malaria oil 0.25/1it 142 lit 35,50 142,00 4.25 17.00 159.00
2. Fenthion {82%) 25.00/1it 500 ml [2.50 50.00 4.25 17.00 67.00
3. Pans Green 7.08/kg 4 kg 28.32 11328 542 .67 13495
4, Abate (507} 41.67101t 400 ml 16.67 6668 425 i7.00 83.68
Microbial
I. & thuringiensis H 14 {B17) 12.10/120 660 brig  66.55 . 0.83 * 67.338
2. B thuringiensis H 14 {MB24) 1020120 660 briq 6061 * 0.83 * 6]1.44
3. B sphaericus (B42) 1334120 660 briq  73.37 . 0.83 . 74.20

*In the case of microbial larvieides single application is active lor four weeks,



134

ing the residual activity of the formulation.
Therefore, it is worthwhile towundertake further
studies on these aspects to make better use of B
thuringicnsis H14 and B. sphaericus as alter-
natives to chemical insecticides.
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Studies on the Development of Plasmodium vivax in

Anopheles subpictus

NUTAN NANDA! C.M. 8 DASS: SARALA K. SUBBARAO' T. ADAK' und V.P. SHARMA

Both A. subpictus, which is not established as a vector of human malariain northern [ndia. and 4. stephensi.»
known malaris vector in the region were artificially fed on the blood (rom patients infected with Plasmodium
vivax. Development of the parasile in the non-conventional vector in derms of gut and gland infection was
studied. The role of 4 subpictus as o possible aliernate vector of P vivax has been discussed.

INTRODUCTION

A. subpictus is a widely distributed species in the
oriental region. In India il is most abundant in
peninsular and northwest zones. This species has
been incriminated as a vector of malaria in mid
Java (Sundararaman e af, 1957) and Indonesia
(Lien er al, 1975). In India. though it has been
recorded positive in nature (Russell er af., 1939,
Russell and Rao. 1940), its role in malaria
transmission is not extensively studied. There are
a few reports available where this species has
been incriminated as vector in Maldive Island
(Roy er al, 1978) and in coastal villages of
Pondicherry and Tamil Nadu (Panicker et al.,
1981).

Experimental feeding studies- done in coastal
areas ol India have shown infection in A. sub-
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pictus when fed on human volunteers (Covell.
1931; Russell and Mohan. 1939; Roy. 1943).
However. similar studies carried out simul-
taneously with A. subpicrus and A. srephensi have
shown that none of A. subpictus when fed on a
series of human volunteers became infected while
a considerable number of A. stephensi were
found positive for gut and gland infection (Das
etal, 1979). There seems to be a variation in the
susceptibility of A. subpicrus in different areas.
Moreover. recent studies (Suguna. 1982; Reuben
and Suguna. 1982) have shown two cytologically
and morphologically distinct species in 4. sub-
pictus of coastal areas. Thus. the ‘importance of
this anopheline in malaria transmission should
also be ascertained.

Though A. subpictus is found in abundance. in
northern parts of India no study has been done in
relation to its ability to act as intermediate host
to human malaria parasites. However, there is a
report from Bastar district. Madhya Pradesh.
where out of 12,107 females of 4. subpictus
dissected. 3 females showed the presence of
sporozoites in the salivary glands (Kulkarni,
1983). Present wark deals with the laboratory
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infection of 4. subpictus sensu lato collected from
villages in Uttar Pradesh with Plasmodium vivax
and a comparison is made with that of A
stephensi, a known malaria vector in the region,

MATERIAL AND METHODS

A. subpictus sensu lato, collected from villages in
U P. were held in laboratory cages for egg laying,
Adult females of 4. subpictus from F, generation
and laboratory colonized 4. stephensi were fed
through an artificial membrane on the blood of
P. vivax infected human volunteers. For this
purposc water-jacketed feeding chambers with
sections of stretched parafilm membrane fastened
to the base were used. Blood containing mature
gametocytes from the patients with P. vivax
malaria was drawn by venepuncture in hepan-
nised glass vials and immediately added to the
central well of the chamber which had the outer
jacket connected to a constant temperature water
circulator set to maintain the blood sample at 36
to 37°C. Two to four day old 4. subpictus and A.
stephensi females were held in 750 ml plastic
containers with nylon screen top. The membrane
base of the feeding chamber was placed against
the nylon screen 10p of the mosguito container.
The leeding apparatus was shaken at intervals to
avoid settling of red cells and the mosquitoes
were allowed to {eed for one hour.

After the feeding period ended unfed females
were removed and the fed mosquitoes were trans-
ferred to separate cages and were kept in the
insectary at 28 + 1°C and 75 to 855, RH. The
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mosquitoes were provided with 1% sugar so-
lution and were dissected 7 to 10 days after the
infective blood meal for gut and salivary gland
infections. Average number of oocysts per gut
was calculated by taking into account ten in-
fected guts for each species.

For temporary mounts, mid-guts and salivary
glands of A. subpictus and A. stephensi were
dissected cut in normal saline (0.85% NaCl).
Mid-guts were stained with 0.5% aqueous so-
lution of mercurachrome. Gut and glands were
then mounted in normal saline on fresh glass
slides. The preparations were observed under
ordinary light and Nomarski interference phase
contrast microscopes.

RESULTS AND DISCUSSION

Results of the membrane feeding experiments on
A. subpictus and A. stephensi are summarised in
Table 1. It is evident from the observations that
the percentage of fed A subpictus (235]) was
comparatively much less than that of A. stephensi
(66.5%,). It was observed during the experiments
that A. subpictus were sluggish and would rest at
the bottom of the container while A. stephensi
were quite active and they readily took the blood
meal. Only 40% of the fed A. subpictus were able
to survive beyond seven days after feeding where-
as B5%, of A. stephensi survived. When dissect-
ed between 7 and 10 days after the infected
blood meal. 31%, of A. subpictus and B0Y; of A.
stephensi, were found positive for both gut and
gland infections. Figs. 1 to 16 show gut and gland

Table 1. Comparative nccoont of developmemt of F. vivax in two amopheline species

Anopheline No. of  No took ¢ took o fed mosquitoes % fed mosquitoes Average
species adult blood blood meal surviving on 7th positive or gut no. of
females meal day after feeding and gland oocysts/gut
used
A. subpictus 195 45 230 + 329 40.0 +1.29 HO+ 310 39 +3421
A. stephensi 335 223 65.5 4 B.64 B4.7 4 5.28 80.0 +597 1205 +252

Cumulative data from 5 rephcates.
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Fig. I: Infected midgut (MG) of A. subpictus showing P. vivax oocysts (O) [ < 120].
Figs. 2&3: Nomarski phase contrast micrographs showing mature oocysts (MO) of
P. vivax on the midgut (MG) of 4. subpictus [ = 1250].

Fig. 4: Midgut of A subpictus showing dehisced oocyst (O) and liberated sporozoites
(S) [ < 450]
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Figs. 5&6: Infected salivary gland lobes (SL) of A. subpictus showing P. vivax
sporozoites (S) [« 450).
Fig. 7: Nomarski phase contrast micrograph of infected salivary gland lobe (SL) of
A subpictus showing P. vivax sporozoites (8) [ =< [250],
Fig. 8 Nomarski phase contrast micrograph of P. vivax sporozoites (S) liberated
from salivary glands of A. subpicrus | < 1250
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Figs. 9& 10 Infected midguts (MG) of A, stephensi showing P, vivax oocysts (0)
[« 120]

Fig. 11: Nomaeski phase contrast micrograph ot mature oocysts (MO) of P. vivax on
the midgut (MG) of A. siephensi | < 1250].

Fig. 12: Photomicrograph showing dehisced oocyst (O) of P. vivax with liberated
sporozoites (S) [ »450].
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Figs. 13 & 14 Infected salivary gland lobes (SL) of A. siephensi showing sporozoites
(S) of P. vivax [ = 450].

Fig. 15: Nomarski phase contrast micrograph showing P. vivax sporozoites (S) being
released from the salivary gland lobe (SL) of 4. stephensi [ = 1250].

Fig. 16: Nomarski phase contrast micrograph of P. vivax sporozoites (S) liberated
from the salivary glands of A. stephensi | < 1250,
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infections in artificially fed 4. subpictus and A.
stephensi. The number of oocysts per gut was
much less in 4. subpictus as compared o that in
A. siephensi (Table 1. Figs. 1.2 and 9) and no
degenerating oocysts were observed in any of the
fwo species.

Mahmood et af, 1984. observed higher gut
infection rate in A. subpicius than that in A
culicifacies but no individual of the former
species was found gland positive. In our experi-
ments. no breakdown in the development of the
parasite was observed and in all the infected 4.
subpictus, the parasite reached the salivary gla-
nds. The study clearly shows that although 4.
subpictus was less susceptible to human malaria
inlectivn as compared to 4. stephensi, a certain
proportion of the fed mosquitoes successfully
completed the sporogony under laboratory con-
ditions,

Cytotaxonomical studies by Suguna (1982) and
Reuben and Suguna (1983) have shown two
distinct siblings in 4. subpictus populations of
coastal areas. These are designated as species A
and B. Species A which is less saline Lolerant,
breeds in fresh water and occursin inland as well
as in coastal localities. while the highly tolerant
species B breeds in brackish water and has so far
been recorded only on the coast. A wide variation
in the susceptibility to malaria infection was
observed during feeding experiments carried out
on A. subpictus by several workers (Russell and
Mochan, 193%; Roy. 1943; Das et al., 1979). This
variation may be attributed to the probable
differences in the susceptibility of these sibling
species to malaria infection (Reuben and
Supuna, 1983). Therefore. further studies are
required to map the distribution of these sibling
species and to evaluate their potential as a vector,

Longevity comparable to that of 4. culicifacies
and A stephensi has been observed for A
subpictus (Reisen er al, 1982; Kulkarni. 1983)
and there are reports indicating high anthro-
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pophilic index for this species (Roy, [943; Bruce-
Chwatt er al., 1966, Kulkarni, 1983). Laboratory
feeding experiments have also revealed that A4,
subpicrus can be a potential vector but the
epidemiological evidences do not confirm the
role of 4. subpictus as a vector of malaria in
India. The population of A subpictus is ex-
tremely high in most parts of the country but the
incidence of malaria does not seem to have any
correlation with the densities observed. It might
be a marginal or accidental vector under certain
sitirations. In order to delimit the role of A
subpictus in malaria transmission screening of A,
subpictus populations for sporozoites using
IRMA or ELISA technique and simuftaneous
identification for sibling species should be under-
taken in different parts of the country parti-
cularly in those areas where the prevalence of
established vector species is low. It may then be
possible to define the role of A. subpictus, if any,
in malaria transmission.
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Survey of Mosquito Fauna of Northeastern Region of India

BN NAGPAL' and ¥ P. SHARMA&

INTRODUCTION

The (irst anopheline susvey was done by Challam
(1923) from Kamrup district of Assam. Later thie
surveys were carried aut by Christophers (1925).
Stricklind (1929} Ramsay (1930). Maedonald
and Chowdhury (1931). Gupta and Mazumdar
(1932). Ricc and Savape (1932), Rice and Mohan
(1936). Viswanathan et a/. (1941). Sarkar et al.
(1981) in Assam. In other states the surveys were
carried out by Mortimer (1946) in Manipur;
Shortt (1924) and Rajagopal (1976) in Meg-
halaya; Sarkar e al (1980} in Nagaland; Misra
and Dhar (1955) in Tripura; Misra (1956} and
Senet al (1973)in Arunachal Pradesh. In recent
years surveys have been carried out by Malhotra
et ol in Nagaland (1982). Manipur (1983) and
Mizoram (1982; 1984). The number of ano-
pheline species collected by these authors ranged
from61to 19in Assam: 710 1 3in Manipur; 810 13
in Meghalaya; 8 to 10in Nagaland; 11 in Tripura
state; 6 to 13 in Arunachal Pradesh and 14 in
Mizoram. The well-known vector species which
were ¢collected from this region were 4. minimus,
A. bafabacensis, A. philippinensis, A. culicifacies,
A varuna, A. annularis and A fluvianiis.

Accepted for publication: 4 Jannary 1988,
IMalaria Research Centre {ICMR)
22-8ham MNath Marg
Delhi-1 10354, India.

None of the above authors reported tree hole
breeding of anophelines from this region except
Barraud in his monograph “The fauna of British
India"™ (1934) who reported tree hole brecding of
culicine mosquitoes.

Since the last surveys were done. major ecologi-
cal chanpes have occurred in this region parti-
cularly deforestation. industrialization. agricul-
ture. urban development. migration of popu-
lations. new settlements etc. These changes may
have brought about ecological succession of
bialogical species which may have direct bearing
on disease transmission. In view of this. mos-
quito fauna surveys were undertaken in Assam.
Meghalaya, Arunachal Pradesh and Mizoram.
Resuits of this study are reported in this paper.

MATERIAL AND METHODS

Mosquite collections were made from 22 local-
ities of Assam. Meghalaya. Arunachal Pradesh
and Mizoram during Sept. 1986 (Fig. 1). Adult
mosquitoes were collected with the help of
suction tube from different resting places viz..
cattlesheds. human dwellings. mixed dwellings,
forests. treeholesand other man-madestructures.
Immatures were collected from intradomestic
containers. discarded tyres. coconut shells and
other breeding habitats. Mosquito larvae were
also collected from 329 tree holes of Bamboo.
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Neem. Pipal. Kathal. Seasum. Mango. Chikoo.
Litchi and Gulmohar with the help of dipper or
pasteur pipette. The immatures collected from
the field were held in a cage in the field laboratory
until adult emergence. Afl fieid collected emerged
mosquitoes were killed with ether. packed in
cellophane paper and transported to MRC for
further studies. Mosquitoes were identified using
the key of Christophers (1933). Barraud (1934)
and catalog of Kanight and Stone (1977).

RESULTS AND DISCUSSION

A total of 10.224 mosquitoes collected from 22
villages of northeastern region were 1dentified
into 61 species of 8 genera viz.. Anopheles, Aedes,
Armigeres, Coguiliettidia, Culex, Malaya, Man-
sonia and Toxorhynchites. The number of speci-
mens and species collected in each penus are

given in Tuble 1. The most dominant genus was
Anopheles followed by Culex, Aedes and Man-
sonia. The species collected and their numbers
are given in Table 2. The maost prevalent species
in the genus Anopheles was A vagus (3152
specimens). followed by A nigerrimus {1914
specimens) and A. nivipes (1574 specimens). In
genus Culex the most dominant species was Cx.
quinguefasciatus (1110 specimens) followed by
Cx. tritaeniorhynchus (743 specimens) and Cx.
vishnui (235 specimens). Aedes albopictus {253
specimens) was the most prevalent species in the
genus Aedes and it was followed by Ae. chryso-
lineatus (95 specimens) and Ade. aegypti (65
specimens). In genus Mansonia the most com-
mon species was Ma. anmidifera (210 specimens)
followed by Ma. uniformis (127 specimens) and
Ma. indiana (14 specimens). The other 4 genera
viz. Armigeres (202 specimens of 3 species).
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Table 1. Qccutrence of mosquito genera and their species in
mortheastern regions
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Coguillettidia (1 specimen of a species). Malaya
(2 specimens of | species) and Toxaorhynchites (69
spectmens of | species) were also encountered.

Out of 329 tree holes of bamboo (Bambusa sp.).
Neem (Azadirachia indica), Pipal (Ficus re-
ligiosa), Seasum (Dalbergia sisso). Mango (Ma-
ngifera indica), Gulmohar (Delonix regia). Chi-
koo (Sapota spp) and Litchi( Litchi chinensis) 237
were found positive for mosquito breeding. Out
of 102 negative tree holes 94 were found dry.
Maximum breeding was observed in bambeo
holes. The details of species emerged from the
immatures collected from different tree holes are
given in Table 3. Although culicine breeding in
tree holes was reported from the northeastern
region by Barraud in 1934, this is the first report
of the tree hole breeding of A. philippinensis, A.
nivipes and A. splendidus. Recently the breeding
and resting of 4. culicifacies in tree holes was
reparted from two hill districts viz., Koraput ard
Phuibani of Orissa (Nagpal and Sharma. 1985).

A total of 1655 specimens of A. pallidus, A.
philippinensis and A. nivipes were collected and
identified. Of these 19 were A. pallidus, distin-
guished very easily by the lack of any apical pale
band on the first hind tarsal segment and the
presence of scattered pale scales aver most of the
venter. In 1574 specimens. the presector dark mark
of vein | extending basally beyond the distal end of
the humeral dark mark on the costa suggested
the specimen to be 4. nivipes. In 62 specimens the

Table 2. List of mosquitoes collected from noctheastern region

Genera Species Total
found specimens

Assam

i Aedes 9 343
2. Anopheles 27 4832
3 Armigeres 3 175
4 Coguilfetiidia 1 1
5. Culex 13 1742
[ Malaya 1 ]
7. Mansonja 3 274
8. Toxorhynchites ] 19
Arunachal Pradesh

I Acdes 6 53
2 Anopfeles 19 482
3 Armigeres 1 2
4. Culex 10 216
5. Mansonia 3 34
6. Toxorkynchites 1 |
Meghalaya

1. Aedes 5 90
2. Anopheles pii} 973
3. Armigeres 2 6
4 Culex 11 255
5. Muansonia 2 20
6. Toxorkynchires } 15
Mizoram

| Aedes 5 26
1. Anopheles 14 374
kB Armigeres 3 19
4 Culex 10 213
5. Malaya H H
6 Muansonia pi 14
7. Toxorhvachites 1 4

Total 60 10224

Species

Aedes { Aedimorphus) vexans {Meigen). 1830
Aedes { Finlaya) atbelateralis (Theobald), 1908
Aedes { Finlaya) chryselinearus (Theohald). 1907
Aedes { Finfaya} dissimifis {Leicester). 1908
Aedes { Finlaya} novoniveus Barraud. 1934
Aedes ( Finlayai pseudotaenigius Giles. 1901
Aedes { Neomelanicomion) lineatopennis. (Ludlow), 1905
Aedes { Stegomyia) aegypti {Linnaeus), [762
Aedes (Stegomyia} albopicius (Skuse). 1894

Assam  Arunachal Meghalaya  Mizoram  Total
Pradesh
L1 I — 3 15
7 ? 3 2 14
62 5 14 4 95
9 4 2 — 15
13 — - — 13
23 | l — 25
— — — 2 2
65 — - — 65
138 30 70 L5 253

contd...
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Tuble 1. (cantd.)

Specics Assam  Arunachal  Meghalaya Mizoram Total
Pradesh

Avdes ( Stegomyia) annandalei {Theobald), 1910 15 - — — 15
Anapheles { Anopheles} ahomi Chowdhury, 1929 ¥ 2 — - 9
Anapheles { Anopheles) barbirostris Van der Wulp, 1884 76 7 3 0 92
Anopheles | Anopheles) gigas Giles. 190] i - — !

Anapheles { Anopheles) nigerrimus Giles, 1900 813 24 43 & 914
Anepheies { Anophefes) sinensis Wiedemann. 1828 14 - - -- 14
Anapheles  Cellia) aronitus Doenitz, 19072 14 | | 16
Anapheles { Ceffia) annularis Yan der Wulp. 1484 29 2 12 ! 44
Anaphoter ( Cellia) balabacensis Baras. 1916 2 — - . 2
Anaphefes { Cellia) culieijacies Giles. 1901 3 — 14 - 17
Anaphetes { Celtiay fhaviatifis James. 1902 k¥ 1 11 - o4
Anopheles (Celfia) jamesii Theobald 1901 2 2 - 23
Anophcles { Celling jepporiensis James, 9002 ¥ ] - - 8
Anophetes ( Celfia} karwari Jumes, 1902 4 - — 1 5
Anophetes { Celliat kachi Doenitz. 1940] 2 2 n 12 261

Anapheles { Ceflia) maculatus Theobald, 190 g4 41 2 i¢ 155
Anophcler (Cefliar majidi Y ong and Majidi. 928 n # 3 2 1
Anopheles ( Cellig) minimus Theobald, 190] 4 i ] - 31

Aropheles { Cellia) rivipes Theohald. 1903 1041 171 227 135 1574
Anpphetes { Ceflia) palfidus Theobald. 190] 7 2 — — 19
Anopheles { Cellias phifippinensis Ludlow, 1802 4N 4 14 4 62
Anppheles [ Ceflio samsayi Covell. 1927 15 3 g 1 27
Anaphetes (Cellia) splendidus Koidrumi. 1920 12 2 — 14
Anapheles { Cetlia) subpictus Grassi. 1899 b — 4 — 12
Anaphelis ( Ceffia) tessellats Theobald. 1901 4 — — 4
Anopheles ( Celliaj theobaldi Giles. 1901 24 13 - 2 39
Anaplieles { Cefhia) vagus Doenity. 1902 22 158 595 I78 352
Anophetes ( Celliay maculatus var. wiflmoret (James), 1903 15 23 | 3 62
Anopheles { Cellfay varung Tyenger. 1924 14 2 ] — 19
Armigeres  Armigeres) kuchingensis Edwards, 1915 60 -— 3 2 &5
Armigeres { Armigeres) subatobatus {Coquilleit). 1898 110 2 k) 15 130
Armigeres [ Leicesterio) magnus (Theobald). 1908 5 — — 2 7

Cogriflettidia ( Caguitietidia) erassipes(Van der Wulp). 188] 1 — _— — ]

Culex ( Culexy bitaemiorhynchus Giles. 1901 15 3 2 7 27
Culex {Culex) cornuius Ldwards, 1922 I3 — 2 2 17
Cutex { Cutex) gefidus Theobald. 1901 75 15 7 8 (115
Cufex { Cudex) mimudus Tdwards. 1915 - — 3 — 6
Cudex ( Culex) guinguefasciaius Say. 1823 877 115 45 73 1110
Culex { Culex) sinensis Theobald . 1903 1 — 1 16 19
Cutex ( Cufexy rritaeniorhynchys Giles, 191 504 37 131 71 743
Culex { Culex) vishrui Theobuld, 1901 142 3 45 17 235
Culex f Culex) whitmorei Giles, 1904 70 4 11 15 100
Culex { Cuficiomyia) poliidothorax Theobald. 1905 7 2 2 — 11

Culex { Fumelanomyia) brevipalpis (Giles). 1902 8 2 — 2 22
Culex { Fumelanomyia) mafayi {Leicester) 1908 3 2 — 2 7
Culex { Laphaceraomyia) minor (Leicester). 190 5 — 2 — 7
Culex { Lutzia) fuscanus Wicdemann, J820 12 5 — — 17
Malaya { Maorigoeldia) genurosiris Leicester. 1908 ol — — i 2
Mansonia ( Mansentoides) anmulifera (Theobald), 1901 168 15 25 2 210
Mansonia { Marsoninides) indiang Edwards, {930 12 2 — e 14
Mansonria { Mansoniaides) uniformis (Theabald), 1901 94 17 4 12 127
Toxorhynckites { Toxerhynchites} splendens (Wiedemann), 1819 39 il is 4 69

Total 7407 798 1368 85¢ 10224
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presector dark mark of vein one extended basally
beyond the end of the corresponding mark on
the costa. but did not reach up to the distalend of
the humeral dark mark. In these 62 specimens.
pale scales were also present on the last few apical
segments of the venter. This identification con-
firms the specimens to be 4. philippinensis as
based on the observations of Reid. 1967 The
study of mosquito fauna of northeastern India
showed that the prevalent species understood to
be resembling the identification of A. philip.
piresis was in fact 4. nivipes.

Nao specimens of previously recorded A. aitkenii,
A. bengalensis, A. insulaeflorum, A. lindesayi and
A. umbrosus were found during this survey. It is
likely that morc extensive surveys or searches
during other months may reveal the presence of
these anophelines in certain habitats. Some spe-
cies found during this survey viz.. 4. majidi, A.
theobaldi, A. nivipes and A maculatus variety
willmorei were not reported from this region in
earlier surveys.
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Mosquito Survey in Tirap and Subansiri districts of

Arunachal Pradesh

P.R. MALHOTRA! P.K. SARKAR' N. G. DASY. §. HAZARIKA! and V.M, JOHN?

A total of 48 species of mosquitoes belonging tn nine pencra i.c.. Anopheles. Aedes. Armigeres, Culex,
Coguilletridia, Malaya, Mansonia, Toxorhynchites and Tripteroides were coliected during a survey carried
out in Tirap and Subansiri districts of Arunachal Pradesh in 1979 and 1982 respectively. Culex gelidus and
Culex tritacniorhynchus were found in larpe numbers in Tirap. Culex quinquefasciatus was prevalent in
Subansiri forming 65.47 per cent of the iotal larval callection while Anopheles maculatus was the next
dominant species (4075 per cent of the total adults collected). Six new speciesic.. A. cuficifacies, A. gigas, A.
Jamesii. A, karwari, A. macwlatus var. willmorei and A. tesseflatus are reported for the first time from
Arunacha! Pradesh. A. minimus. earlier reported malaria vector. was altogether absent.

- INTRODUCTION

Defence Research Laboratary. Tezpur has taken
up mosquito survey in various States/Union
Territories of northeastern region to study the
occurrence. distribution and species composition
of various mosquitoes with a view to identify
vectors. The survey programme comprises of
districtwise studies divided into different phases
and carried out through various seasons of the
year in order to present a representative cross-
section of information.

Mishra (1956) studied malaria transmission in
North East Frontier Agency (now Arunachal
Pradesh) and reported the occurrence of six
Anopheles species. Subsequently, Sen et al.
{1973) recorded 14 Anopheles species from Tirap

Accepred for publication: 22 February 1988
'Defence Research Laboratory
Tezpur-784001. India.

tDirectorate of Health Services
Itanagar-791110. India.

district with preponderance of Anopheles balo-
bacensis balabacensis which formed nearly 60 per
cent of the total catch. However, there is no
published record dealing with mosquito fauna of
Arunachal Pradesh.

The present paper relates to the results of the
masquito survey carried out at Miao. Deomali
and Jairampur of Tirap district; Kimin. Raga.

-Hapoli and Ziro of Lower Subansiri district and

Sippi. Daporijo and Taliha of Upper Subansini
district of Arunachal Pradesh.

MATERIAL AND METHODS

Topography and climate

Tirap district covers an area of 7.024 sq km
between 2639 and 27°44'N latitude and 95°12"
and 97°12°E longitude. with a population of
1.28.050 (as per F981 census). Population density
per sq.km. is highest in Tirap district which
forms the southeastern part of Arunachal Pra-
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desh, bordering Dibrugarh in the west. Burma on
its east and southeast, Nagaland in the south and
Lohit district in the north (Fig. 1). The main river
flowing through the district is the Tirap. The
altitude of the hills ranges between 125 and 3760
mtrs. Chimate is hot and humid. Temperature
varies from 11 to 30.5°C and annual rainfall
ranges between 300-350 cms.

Subansin covers an area of 16.939 sq. km. be-
tween 26°55 and 28°24'N [latitude and 92°4)
and 94°37'E longitude. Lower Subansiri has a
population of 1.12.650 and Upper Subangiri only
39.410, as per 1981 census. The density of
population per sq.km. is about 7. The popu-
lation js entirely rural. The district is bounded on
the north by Tibet (China} and partly by Siang
district of Arunachal Pradesh. on the east by
Siang. on the south by Lakhimpur and Darrang
districts of Assam and on the west by Kameng
district of Arunachal Pradesh (Fig. 1). The entire
Subansiri district is mountainous forming part
of the Eastern Himalayas. The climate of the
district js largely influenced by nature of its
terrain.

Rainfall in the foothill region is extremely heavy
and the humidity is high throughout the year.
Temperature varies a lot. January and Feb-
ruary being the coldest months.

Methodology

Mosquito larvae and pupae were collected from
cemented tanks. ponds. pools. lakes. ditches.
riverbeds. roadside drains. tree holez and cre-
vices. plant axils. cut bamboos. tyre dumps and
carthen potsete., with the help of dippers (14em.
dia. and 375 ml. capacity). glass droppers and
pipettes. The collected larvae and pupae were
reared in the field laboratories until adults em-
erged.

Adultmosquitoes were collected from cattle-
sheds and human dgellings with battery
operated CDC Miniature and Monk Wood light
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traps from 1800 to 0600 hours. Besides trapping.
adult mosquitoes were aspirated with suction
tubes from human dwellings (indoor resting) in
the morning hours and from cattle bait during
evening hours. Adult mosquitoes were collected
from breeding and outdoor resting places during
the daytime.

All the adult mosquitoes including those em-
erged from larval and pupal colfections. were
killed with ether. Mosquitoes were identified
with the help of standard keys of Christophers
(1933). Barraud (1934). Puri(1955). Wattal and
Kalra (1961) and catalog of Knight and Stone
(1977). The identified specimens are preserved in
the departmental collection.

Period of study

The present study was undertaken in July-
August 1979 in Tirap district and March-April
1982 in Upper and Lower Subdnsiri districts,

RESULTS AND DISCUSSION

A total of 927 larvac and 6474 adult mosquitoes
were collected from Tirap district and identified
into 40 species of 9 genera {(Table 1), The genus
Anopheles comprised of 13 species (268 larvae

Table 1. Qccurrence of mosquito genera snd their species

No. of species

S encauntered
: Muosquito genera —_———— Total
Na, Tirap Suban-
sirt
1. Anapheles 13 17 18
2 Aedes 3 4 7
i Armigeres 2 2 k!
4. Culex 2 g 12
5. Coquillettidia I —_— i
6. Malaya t — i
7. Mansonia 4 2 4
8 Toxorhynchites 1 — |
g Tripteraides 1 i 1
Tatal 4an 35 48
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Table 2, Species distribution in Arupachal Pradesh

Tirap
Mosquito species -
Adult Larvae

Aedes { Finlava) atbofateralis {Theobald). 1908 7
Ae. { Fin.) chrysolinegius (Theobald). 1907
Ae. ( Fin } shortii (Barraudi. 1923 5
Ae. { Negmelaniconion) lineatopennis, (Ludlow). 1905 4
Ae. {Stegomyia) athopicius {Skuse). 1894 7 172
Ae. { Steg.} annandafei (Theobald). 1910
Ae. (Seeg.} vittatus (Bigot). 1861 in
Anopheles [ Anopheles) barbirostris Van der Wulp. 1884 62
An. { Ano.) gigas Giles. 1901 52
An. (Ang.) nigerrimus Giles. 1900 41
An {Cellia} aconitus Doepitz, 1902 2
An. {Cel } annularis Yan der Wulp. 18R4 17
An {Cel} balabacensis Baisas. 1936 18
An (Cel } culicifacies Giles. 1901 9
An (Cel} jamesii Theobald. 1901
An {Cel) karwari James, 1902 14
An {Cel) kochi Daoenitz, 190] 94
An. {Cel ) mgeulgns Theobald. 1901 613 a0
An (Cel ) maculatus var. Willmorei {James), 1903
An (Cel } pollidus Theobald, 1901
An (Cel  phitippinensis Ludlow, 1902 62 85
An. [Cel.} splendidus Koidzumi. 19710
An. [ Cel} subpictus Grassi. 1899 25
An (Cel } tesseffatus Theobald, 1901
An. (Cel ) vagus Doenitz. 1902 38 69
Armigeres { Armigeres} kuchingensis Edwards, 19]5
Ar. (Ar.) subgibatus {Coguillett). 189% 257
Ar. { Leicesteria} magnus (Theobuld). [908 12
Coguilletiidia { Cogui) crassipes {Van der Wulp). 188} 7
Cufex { Culex) bitaeniorhynchus Giles, 190] af 10
Cx. (Cx } cormutus Edwards. 1922 19
Cx. (Cx ) gelidus Theobald. 1901 N33 S
Cx. (Cx.) mimeticus Noc, 1895 4 20
Cx. (Cx.} quinguefasciatus Say. 1823 223 103
Cx. {Cx. ) sinensis Theobald. 1903 14
Cx. { Cx.) tritaeniorhynchus Giles, 1901 1934 50
Cx. { Cx.j} vishnui Theobald. 1901 165 26
Cx ( Eumelanomyia; brevipalpis (Giles). 1902 30
Cx. { Eu) malayi (Leicester). 1908 485 2
Cx. (Lutzia) fuscanus Wiedemann, 1820 El 2
Cx. ( Lut ) hafifaxii Theobald. 1503 5
Malava ( Maorigoeldia) genurosiris Leicester, 1908 6 7
Mansonia { mansonioides) annuiifera (Theobald). 1901 |
Ma fMa.} indianag Edwards. 1930 25
Ma. { Ma.} longipalpis Van der Wulp, 1881 12
Ma. { Ma.} uniformis {Theobald). 1901 13
Toxorfynchites (Tox. ) splendens (Wisdemann). 1819 3

4

Tripteraides { Rachionotomyia) araneides (Theohald). 1901

Subunsiri
Adult Larvae
178
52
4 1044
5%
118
25
0 12
R
11
12
3
103
37
1009 146
19 12
3
n 5
in
an
28
19
3
60 5
| 1%
10
i 190
i78 3680
i
663 83
2
3
8
1
5
i 59

185
52

5

4
1227
58
3n
172
77
63
HE
28
1%
102
5
117
i
1848
51

182
10
125
28
125
342
12
95
19
2052
215
4t94
15
2730
403
an
518
40

13
26
12
14

a2
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and 1103 adult specimens). genus Aedes 5 species
(207 larvae and 18 adults). genus Armigeres 2
species (269 adules). genus Culex 12 species {442
larvae and 5018 adults). penus Coguillettidia 1
species (7 adults). genus Malava 1 spectes (7
larvae and 6 adults). genus Mansonia 4 species
(51 adults). genus Toxorhynchites 1 species (3
larvae) and penus Tripieroides 1 species (2 adu-
1ts).

In all 5636 larvae and 2476 adult mosquitoes.
collected from Subansiri district. were identified
into 35 species of 6 genera (Table 1). The genus
Anopheles comprised of 17 species (228 larvae
and 1498 adult specimens). genus Aedes 4 species
(1332 larvae and 4 adults). genus Armigeres 2
species (28 larvae and 60 adults). genus Culex 9
species {3989 larvae and 907 adults). genus
_Mansonia 2 species (6 adults) and genus Tri-
pteroides 1 species (59 larvae and | adult).

Larval distribution

In all, 927 larvae belonging to 5 genera and 18
species were collected from Tirap district during
the present survey (Table 2). These comprised of
9 species of Cudex, 4 of Anopheles, 3 of Aedes and
1 each of Malaya and Toxorhynchites. The
maximum number of species (11} were recorded
from Jairampur while Miao and Deomali yielded
9 speeies cach. Among anophelines. 4. vagus
larvae were found in all the places surveyed.
while 4. macularus, A philippinensis and A
subpictus only from Jairampur. Among Culex
larvae {442). . vishnui was found in large
numbers (216) followed by C. quinguefasciatus
(103). Larvae of Ae. alhopictus were collected in
good number and recorded from all the three
places of survey.

A total of 5636 larvac belonging to 5 genera and
18 species were collected from Subansiri district
{Table 2). Species composition comprised of 6
species of Anapheles, 4 of Aedes, 5 of Culex, 2 of
Armigeres and only one species of Tripreroides.
Maximum number (2138) were collected at Ki-
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min. followed by Daporijo (1702} and Raga
(1093). Culex quinguefasciatus was found in very
large numbers. It formed 6547 per cent of the
total tarvat collection. These larvae were col-
lected from all the places of survey and {rom dif-
ferent breeding habitats e.g.. G.1. drums. cut

" bamboos. cemented tanks. water pits. ditches.

ponds. drains. tyres. ete. Their predominance
may be due to wide range of larval adaptability
ta physico-chemical characteristics of the water
sources (Sarkar er al, 1978). Larvae of Aedes
ethopictus occupied the second position (1044
out of 5636 larvae). These larvae were found in
tyres and cut bamboos. At Kimin. 290 tyres were
checked. out of which 78 (26.89%, had water in
them and 24 were positive (30.76%) for the
presence of larvae and pupae of Ae. albopictus.
Among anophelines, larvae of 4. maculatus were
encountered in good number from the riverbed.

The incidence of associated breeding of imma-
ture stages of different mosquito species are
presented in Tables 3 and 4. It was observed that
A. maculatus, A. philippinensis and A. subpictus
shared breeding habitats with C. vishaui while A.
vagus was found breeding with C  tritae-
niorhynchus, C. vishaui, C. gelidus, C. quin
guefasciatus and A. subpictus in Tirap district. 4.
philippinensis shared its breeding habitats with C
tritaeniorhynchus in Subansiri  district.  As-
sociated breeding of A maculatus with €. mi-
meticus and C. mimnlus have earlier been re-
ported (Bhat. 1975; Sarkar et al.. 1980}

During the present survey. it was seen that Ae.
albopictus, C. tritgeniorhynchus and C. vishnui
were found in association with a number of
species in the same breeding habitats. Similarly.
A. gigas and Ar. kuchingensis shared their breed-
ing with C. guinquefasciatus individually. Other
mosquito species were found in association with
many species on a number of occasions. Mos-
quita species which can share with others. are
always found in plenty. In hilly terrain, there is
always a great scarcity of breeding habitats.
Therefore. associated breeding is very common.
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Table 3, Incidence of sssocisted breeding of different species of mosquitoes in Tirap district (Arunachal Pradesh)

Muosguila species

m @ 3 {4) 6] ) () (8 (9 (o {II) UH
C. quinguefasciaius _. _ — __ _ _ 1 _ . » I ]
Ae. afbopictus — — — -— — - - I 1 i 2
C. tritaeniorhynchus — | 1 I _ o . . 1
C. gelidus - — - - 1 1 (
A. vagus 1 ! I 1 — — 1
Tx. splendens — —_ — 1 _ _ [
C. malayy . — _ _ . o I
A maculatus 1
A. philippinensis i
A. subpictus ]

(1) C vishnui; (2) C. gelidus; (3) A. subpictus; (4) €. quinguefasciatus; (5) A. vagus; (8) C. brevipalpis; {7) C. tritaeniorhynchus;
(8) Ar. shortii: (9) Ae. vittarus, (10 O mimeticus; (11) Ty splendens; (12) C (L) fuscanus

Table 4. Incidence of associated breeding of different species of mosquitoes in upper and lower Subansiri districts

{Arunachul

Pradesh}

&) (3)

Muasouito species

(4)

(8)

{s) {6) (7) 9) {40y  an

Ae. albopicius

Ave. atholateralis -
Ar. kuchingensis
. gigas

. tesseffarus

. maculatus

L mimeficus

. barbirostris

. nigerrimus

. philippinensis

SN T - - W

— | 3 2 6 H
] 1 I
— - 1
1

(1} C tritaeniorhynchus; (2) C mimeticus, (3) A. tesseliatus; (4) A maculatus; (5) A nmigerrimus; (6) C. (L) fuscanus;

{7) €. quinguefasciatus: {8) Tr. aranoides; {9) Ae. annandalei; (10) Ae. albolateralis; {11) Ar. kuchingensis

Adult distribution

A total of 6474 mosquitoes were collected on 20
trap nights from human habitations and cat-
tlesheds in Tirap district giving an average of
3237 mosguitoes/trap night (Table 2). Mosquito
collection was much more in cattlesheds (426.7
per trap night)as compared to human habitation
(83.3). The catch comprised of 35 species belong-
ing to 8 genera. Specimens of all the species were
trapped in cattlesheds. while human habitations
yielded only 24 species. Even the highly anthrop-
ophilic species, viz.. A.b. balabacensis and C
quinguefasciatus were trapped in cattlesheds
collections. Of the places surveyed. Miao showed

the highest density (394.33 mosquitoes/trap
night), followed by catches at Dzomali (318.22)
and Jairampur (248). The maximum species (29)
were encountered at Deomali. Next in order was
Jairampur (28) and Miao (22). The Jargest col-
lection of a single species in the total adult catch
was C. gelidus (31.405;) followed by C. fri-
taeniorbynchus (29.87%). Among the areas sur-
veyed. Deomali had the highest density of C
tritaeniorhynchus (1333) while C, gelidus was the
mast common at Miza (and Jairampur. Among
anophelines, 4. macwlatus (55.57%) was pre-
dominant ard recorded from ali the places
of survey. Its collection was highest at
Miao.
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A total of 2476 adult mosquitoes were collected
during the survey of Subansiri district (Table 2).
The cateh comprised of 28 mosquito species
belonging to 6 genera i.e. Anopheles (1498
specimens of 15 species). Culex (907 specimens of
& species). Aedes {4 specimens of 1 species).
Armigeres (60 specimens of 1 species). Mansonio
(6 specimens of 2 species) and Tripferoides (1
specimen of | specics). 4. maculatus was found in
large numbers. It formed 40.75 per cent of the
iotal catch. C. tritaeniorhynchus was the next
(663 specimens). Specimens of C. quinguefas-
cigtus, A. barbirostris and A. karwari were col-
tected in fairly good number.

Misra (1956) had reported only 6 Angpheles
species from Arunachal Pradesh. As his study
had Jasted for about six weeks only (November
28. 1955 to January 14. 1956) and that too in
winter months. the collection of less species may
be justified. Sen et al (1973) confirmed the
existence of all the specics reported by Misra (foc.
it} except 4. minimus. which was incriminated
as malarta vector. The complete absence of 4.
minimus was attributed to large-scale use of
DDT and other insecticides under NMEP as well
as by agriculturists. Sen ef ai. (lor. cir.) made
intensive entomological studies in Tirap district
commencing from Febrnary 1969 to November
1969 and thus covering all the scasons. These
workers reported 14 Anopheles species from
Tirap.

We have found 18 anopheline specics in all. Of
these. 12 were in conformity with that of Sen er
al {foc. cit ). Only 6 A jeyporiensis and } A
varuna were collected in 314 man nights by these
workers. ¢ indicates that the densities of these
species were very low in Arunachal Pradesh. Six
species t.e.. 4. culicifacies, 4. gigas, A. jamesii, A.
karwari, A. maculatus var. willmarei and A
tesselfatus are reported for the first time from
Arunachal Pradesh. As we used light traps also
for adult mosquitaes. our collection in terms of
density/species compaosition is much better than
earlier workers.
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Rao (1984) is of the view that no true 4. hyrcanus
exists in India. In fact. 4. hyrcenus” is a group
consisting of more than ten species of which 4.
argyropus, A. nigerrimus, A. nitidus, A. sinensis
and 4. crawfordi are recorded in India. 4.4
batabacensis collected in the present survey may
have a few specimens of 4. dirus also. based on
the description of Peyton and Harrison {1979).

No 4. minimus has been encountered by Sen et
al (loc cit ) norin the present survey. However.
A minimus has yecently heen incriminated as
malaria vector in Nagaland and Mizoram (Bhat-
nagar ef af, 1982; Das and Baruah. 1983). The
species was reported from Assam also in recent
years (Kareem e? al, 1985). As the present
distribution of 4. minipnes in northeastern region
is very patchy. the presence of A. minimus in
Arunachat Pradesh cannot be ruled out. More
studies on its occurrence, distribution and rolen
malaria transmission are warranted.

Thus the mosquito fauna of Arunachal Pradesh
{based on the recent findings) swells to 4K species
of 9 genera. viz.. Anopheles (18 species). Aedes (7
species). Armigeres (3 species). Culex (12 spe-
cies). Mansonia (4 species). Malaya, Tripteroides,
Cogquillettidia and  Toxerhynchites (1 species
each).
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Incrimination of Anopheles minimus Theobald as a Vector of

Malaria in Arunachal Pradesh

P.DUTTA? and B.D. BARUAH?

Anopheles minimus, A. balabacensis, A. philippinensis, A. anmadaris and A. culicifacies have been detected in
Tirap Diistrict of Arunachal Pradesh during the course of entomological studies carried out during Apsil and
May. 1986. Sporozoites were detected in the salivary glands i onc specimen of A. minimus.

INTRODUCTION

Anopheles minimus was considered to be the
chief vector of malaria in the foothills of Hi-
malayasextending from Uttar Pradesh to Assam,
because of its predominantly domestic habits
and preference for human blood (Ramsay et al,
1936; Iyengar, 1940; Viswanathan er al, 1941;
Misra and Dhar, 1955; Misra, 1956). However,
subsequent studies after application of DDT as
residual insecticide showed the absence of this
species from theTerai region of Ulttar Pradesh
{Chakraborty and Singh, 1957) and Burnihat
areas of Meghalaya (Rajagopal, 1976). The pos-
sible role of other species e.g.. A. philippinensis
and A. balabacensis in transmission of malaria in
Meghalaya and Arunachal Pradesh had been
considered by Rajagopal (1976) and Sen ef al
(1973).

A survey was undertaken in selected areas of
Tirap District of Arunachal Pradesh for de-

Arcepred for publication: 6 Ianuary 1988,

"Regional Medical Research Centre
MN.E. Region (1ICMR}

Dibrugarh-786003. India,

termining the prevalence of known vector mos-
quitoes and their possible role in the current
transmission of malaria. The preliminary obser-
vations are presented in this paper.

MATERIAL AND METHODS

Certain localities under Namsang Circle of Tirap
District of Arunachal Pradesh were selected for
the study. These are mostly foothill areas ranging
from 1000-1400 ft. above sea level. The region is
covered by a large forest traversed by hill streams
and rivers. The people of these localities are
mostly Arunachalis (Nokte tribe}) with a few
Nepali settlers. The area has been under DDT
spray since 1960,

These places were visited twice a week during the
observation period. The meteorological infor-
mation recorded in the area during this period
was as follows—average temperature Max.
24.18°C and Min. 2).54°C, average relative
humidity 67.36%, and average rainfall 4.5Imm.

The mosquitoes were collected with the help of
suction tubes between 1800 hrs to 2400 hrs most-
ly from cattlesheds adjacent to human dwellings
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and also by CDC light-traps from dusk to dawn
ie., from 1800 hys. to 0500 hrs. The collected
mosquitoes were transported to the laboratory
and were identified. They were dissected to detect
the gland and gut infection.

RESULTS

Data of collection by suction tubes is given in
Table 1 and of collection by lighttrapsin Table 2.

From Tables 1 and 2, it can be seen that A
maculatus 15 the predominant species in these
areas. Among the known vector species, A
minimus, A. balabacensis, A. philippinensis and
A. annularis were encountered in the study areas.
Both 4. minimus and A balabacensis were
collected in the later part of the night from 2000
hrs. onwards. During the moming and day only
few mosquitoes could be collected.

The mosquitoes were dissected for gland or gut
infection. OQut of 71 4 minimus dissected. one
captured from cattleshed was found positive with

161

sparozoites in the salivary gland. giving a sporo-
zoite rate of 1.4%.

DISCUSSION

Our findings are in conformity with those of
earlier investigators (Bhatnagar et af, 1982,
Kareem ef al, 1983; Das and Baruah, 1985). A.
minirmus which seemed to have disappeared from
the North Eastern Region has reappeared and
has re-established itselfin the region as a vector of
malaria. Bhatnagar et af (1982) reincriminated it
in Nagaland and Das and Baruah (1985) in
Mizoram. Kareem ef al (1983} reported its
prevalence in Boko area of Kamrup District.
Assam.

In a study carried out about three decades ago.
A. minimus was considered to be the most
important malana vector in Arunachal Pradesh
(Misra, 1956). Sen er gl (1973) incriminated 4.
balabacensiy and established its role in malaria
transmission in Tirap District of Arunachal
Pradesh. The present study, has re-established

Table 2. CDC Light-traps collectios in April and May 1986 and resuits of dissection

s Species Numbers Collection  Abdominal condition  Numbers Gland  Parity
No. collecied on per trap dissected*  posi- %)
12 trap night UF FF SG G tive
nights

1 A. balabacensis 4 033 2 2 0 0 4 0 0.00
(.46}

2 A. barbirostris 4 013 1 3 0 0 0 0 D.00
{0.46)

3 A culicifavies 4 0.33 0 3 1 0 3 ] 66.66
{0.94)

4 A. nigerrimus 2R 2,33 3 22 I 0 0 i} B
(6.74)

5 A. maculgtus 30 26.66 52 23 30 58 a 15.51
{77.10)

6. A. minimus is 291 3 22 e o 32 0 4062
{8.43)

7. A philippinensis 8 .66 0 7 10 ] 0 40.00
(1.92)

8 A vagus 12 1.00 0 2 g8 2 0 0 0.00
(2.69)

Figures in parentheses are parcentage values
* Only fresh mosquitoes dissected.
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the role of A minimus in the transmission of
malaria in foothill areas of Tirap District.

Known vector mosquitoes like 4. minimus, A
balabacensis, A. philippinensis and A. culicifacies
were captured by operating CDC light-traps. Itis
evident that CDC light-traps can be used effec-
tively in place of human baits to determine the
relative density of malaria vectors, particularly
where the baits are liable to come in contact with
chloroquine resistant strains of P. fulciparim
{Ismail er gi, 1982; Das and Baruah, 1985).
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Feeding Behaviour of Anopheline mosquitoes in an area
endemic for Malaria in Bastar district. Madhya Pradesh

SM. KULKARNI!

Feeding behaviour of anopheline mosquitoes was studied in an area endemic for malaria in south Bastar
district. Madhya Pradesh, between February 1980 and January 1981, 4 nophefes subpicrus was found active
throughout the night with a peak just alter midnight. An hyreanus and An karwari showed bimadalactivity
with first peak after dusk and second after midnight. An cudicifacies shawed a bimodal activity on cattle but
Ted intermittently on man. An fluviatilis, An jeyporiensis and An maculatus were found throughout the
night with higher activities tll midnight and s peak around dusk. Hast feeding behaviour indicated that A
Jeyporiensis was the most common species found on man followed by An karwari, An maculatus, An.
hyreanus and An fluviatilis. An culicifacies was rarely encountered on man. On bovid bait. 4n Ayreanusand
An subpictus were the most abundant species followed by An jeyporiensis, An karwari, An. jamesiiand An
rtacuigtus. Biting rates (per bait/per aight) and scasonal prevalence for all the 19 species ol anophelines
collecied are given. An cuficifacies and An fluviarihis are the important vector species for malaria in the
region. The biting rates of these along with other potential vector species, their scasonal prevalence and
nocystfsporozoite detection in dilferent species during different months of the year are considered

1esponsible for maintaining a perenniad transmission of malaria in the region.

INTRODUCTION

Bastar district of Madhya Pradesh is highly
endemic for malaria. Anopheles culicifacies Giles.
1901 and A nopheles fluviarilis James. 1902 are the
primary vectors of malaria in the region (Kalra.
1978; Vaid and Nagendra, 1964). Natural in-
fection in these mosquitoes in addition to An
subpictus has been reperted earlier (Kulkami and
Wattal. 1982; Kulkarni. 1983). High Annual
Parasite Indices (AP]) of 31.3 for 1979, 23.3 for
1980 and 25.8 for 1981 have been reported (PICP
Report of Madhya Pradesh for 1980 and Malaria

Accepted for publication: 7 March 1988
'National Institute of Virology
Pune-417007. India.

Unit. Jagdalpur). Even the total number of
malaria cases increased from 35,465 in 1965 to
1.72.736in 1981 in south Bastar, for a population
of over nine lakhs. These factors are com-
pounded by the development of insecticidal
resistance in mosquito vectors. Therefore. ade-
quate knowledge on the feeding behaviour of
anopheline mosquitoes was necessary for de-
lineating periods of active malaria transmission,
in order Lo find a suitable control strategy. This
communication presents the data on the feeding
hehaviour of 19 species of anopheline mos-
quitoes in Bastar district.

Study area: Bastar district has an area of 39,086
sq km. and a population of 1515956 (1971
census). It lies in the southeast of Madhyr
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Pradesh. Climate is moderate to hot throughout
the year. The area is drained by many perennial
rivers and streams and receives about 1 50.cm rain
from both southwest and northwest monsoons.

Seasons are roughly marked as monsoon (July
to September), winter {October to December).
spring (January to March) and summer {April
to June). The vegetation is largely tropical with
moist deciduous forests covering about 70 per
cent of the area. The human population consists
mostly of tribals. Two study areas viz., Darbha
and Kurandi comprising of 4 localities were
selected. These were surrounded by thick forests.
hilly streams and had mosaic paddy cultivation.
Other topographical and ecological features have
been described earlier {Agarwal. 1968).

MATERIAL AND METHODS

Alt might (1R0D hrs. to 0600 hrs)) biting col-
lections of anopheline mosquitoes were made
outdoors an human and bovid baits al four
localities once a month from February 1980 1o
January 1981

Human bait collection: Batches of two men each
were made to sit opposite each other. one
exposing his legs upto thigh region and arms
-upto armpits and the other with a torch light and
a suction tube 10 catch the mosquitoes hiting the
man sitting opposite to him.

Bovid bait collecrion: A bovid animal (penerally
a moderate size calf} was tied to a wooden peg
about 100 m. away from the human bait. A
mosquito net {size 2 » 1.2 m.} was hung by four
equal bamboo sticks keeping the net about 30
cm. above the ground. Mosquitoes entered the
net to feed on the animal bait and remained
inside the net after the blood meal. The insect
collector entered the net for 10 mins. after every
hour to collect all the fed mosquitoes.

Each hourly collection was kept separately and
was transferred either into test tubes or when the
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number was large into Barraud cages. All the
mosquitoes thus collected were brought to the
labaratory, anaesthetised and identified upto
species level with the help of keys (Christophers,
1933; Puri. 1937). They were then dissected in
normal saline under binocular microscapes. Gut
and salivary glands were examined for oocysts
and sporozoite infection.

RESULTS AND DISCUSSION

A total of 3745 adult female anophelines (738 on
humans and 3007 on bovid baits) comprising of
19 species were caught during the 12 month
period of study. The data of the hourly col-
lections is presented in Table 1. and that of the
total collections in four different seasons of the
year in Table 2. The feeding behaviour and
seasonal prevalence for each species are dis-
cussed helow.

Anopheles hyrcanus ‘group” Highly zoophilic
species found throughout the night, showing
bimodal activity with first peak just after dusk
and second after midnight. Per night per bait
density was nearly 1 on man and 20 on cattle.
Prevalence was highest during October-
December but also occurred from July to March.
It is reported that this species has been collected
biting man as well as cattle. both inside and
outside houses and it does not have any re-
lationship to human malaria (Rao. 1984).

An. barbirostris: Mostly zoophilic and feeds
during dusk hours. Per night per bait density was
0.09 on man and 2.5 on cattle. Prevalent during
October to March.

An. tessellatus: Zoophilic. feeds any time of the
night. Per night density was very low. Generally
found during October to December.

An aconitus: Feeds on both man and animal
upto midnight with a peak just after dusk.
Density per night per bait was less than one.
Prevalent during October to December. Husainy
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Table 2. Seasonal prevalence of anophelines collected on human (H) and bovid (B) baits February, 1980 ¢t¢ January, 1981

Seasons and months of the year

Species Bait Spring, Summer Meonsoon Winter Total
(Jan 1o Mar) (Apr to Jun) {Jul to Sept) (Oct to Dec)
An. hyreanys 'proup’ H 3 — 5 70 Bl
B 8 — 112 597 77
An barbirostris ] 3 — — 5 8
B | 1 2 B8 92
Arn resseflatus H - — ! — !
B — I ! 6 ]
An acoritus H — — — 15 15
B — — i 23 24
An. fluviatilis H 14 22 20 11 67
B 17 9 B 19 53
AR varuna H 1 — 1 14 16
B b — 3 23 28
An culicifacies H I — 2 - 3
B -— t 6 i 18
An jeyporiensis H 80 — i6 47 163
B 146 — 105 [40 392
An. subpictus H 7 2 29 1 19
B 8 7 504 3 527
An vagus H 2 — I I 4
B — | 20 11 kx}
An annularis H 5 — 7 3 15
B 4 1 28 34 67
An karwari H — — 122 4 126
B | - 259 12 27
An moghulensis H — —_ — — 1]
‘B ! — — ] 9
An pallidus H 6 I 2 2 1
B 2 4 130 49 1853
An. philippinensis H — — 2 — 2
B _— — [ i il
An jomesii H 5 — 6 2 32
B 45 — 76 109 230
An. macufatus H 16 — 5] 20 87
B 42 I 93 37 173
An. splendidus H 11 — i 1% 45
B 41 — 29 9 169
An theobald H 3 3 17 — 23
B ¢ — 45 - 49
Total H 160 28 u7 213 738
B n 26 1454 1205 007

(1978) reported this species to be zoophilic and
exophilic in Bastar district. In Indonesia, In-
dochina, Java and Sumatra, it is reported to be a
malaria vector of some imporiance. In India, it is

considered a secondary vector, next to An
annularis especially in central India (Rao, 1984).
However, its role in malaria transmission in
Bastar district can not be ruled out.



168

An. fluviarifis: Tt feeds throughout the night on
man as well as on cattle with a higher activity till
midnight and a peak around dusk. Per night
- density on man was <C].0 and on cattle it was
1.47. The proportion of biting man was more
than cattle (1.2:1) and was higher during trans-
mission seasons viz., summer and monsoon.
Prevalent throughout the year. It is one of the
important vectors of malaria and was found
positive for both ococyst and sporozoite in-
fections during July and August and their rate of
infection were 2.08 for gut and 1.2 for gland
(Kulkarni and Watial. 1982). In earlier studies,
the sporozoite rate varied from 0.1 to 37.0 per
cent (Rao, 1984). Hence this species could be
responsible for maintaining transmission and
endemicity of malaria in the region. In India,
much work has been done on this species from
Assam in the North upto Tamil Nadu in the
South. Feeding behaviour and seasonal patterns
were same as in the present study.

An. varuna: Feeds on man as well as on cattle.
Feeding was observed mostly during early hours
of the night as reported in Burma and not in the
second half of the night as reported earlier for
central India (Rao. 1984). Per night per bait
density was .18 on man and 0.78 on cattle.
Husainy {1978) found this species to be zoophilic
and exophilic. It was prevalent during October to
December. This species was found positive for
oocyst infection in the month of December in the
present study. This species is being considered as
a secondary vector of local importance in east
central India or northern peninsular India
(Kalra, 1978).

An culicifacies: Mainly zoophilic but oc-
casionally found on man the ratio being 9.3:1.
Feeding was throughout the night but showed a
bimodal activity with a peak after dusk and
second after midnight on cattle. Per night density
was very low on man but it was 0.77 on cattle.
Most prevalent from July to September. It isone
of the most important species of malaria vectors.
Some of the specimens collected resting indoors
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were found positive for oocyst and sporozoite
infection during March and September (Kul-
karni, 1983). Feeding habits and seasonal pre-
valence vary greatly in different parts of India
(Rao. 1984).

An. jeyporiensis: Feeds on man as well as on
cattle throughout the night with higher activity
till midnight and a peak just after dusk. It is the
most common species found on man. Density per
night per bait was nearly 1.9 on man and 11 on
cattle. It is found from July to March. Total
absence was seen during April to June. No
infection was found in any mosquito dunng this
study. However. this species is considered to be a
secondary vector of Jocal importance in India.
especially in Orissa state (Wattal. 1961).

An. subpictus: Predominantly zoophilic but to
some extent feeds on man. Feeding was active
throughout the night with a peak just after
midnight. Per night density on man was 045
while on cattle it was as high as 15. Highly
prevalent during July to September. Earlier.
sporozoite detection has been reported in this
species in the montly of February and July from
the study area and its anthropophilic index was
35.6% in the month of June and per man hour
density was 66 to 84 during June to August
(Kulkarni, 1983). It has alse been reported as
malaria vector 1n other regions (Panicker ef al,
1981). Because of its high man biting rate and
density. the probable role of this species as a
secondary vector under certain ecological con-
ditions cannot be ruted out.

An vagus: Mainly zoophilic but occasionally
found on man. Biting activity was higher till
midnight. Mostly found during July to De-
cember. Per night density was very low on man
while it was 0.9 on cattle.

An  annufaris: Predominantly zoophilic but
feeds on man also. Most of the feeding occurred
tifl midnight and a peak around dusk. Per night
density was 0.17 on man while it was-1.86 on
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cattle. Mostly prevalent during July to De-
cember. Venkat Rao (1961) and Dash et af
(1984) found high biting rate during August and
February on cattle. However, the present ohser-
vations agree with the observations made ir
Pakistan (Reisen and Aslamkhan. 1978).

An. karwari: This species is zoophilic as well as
anthropophilic. Feeding occurs throughout the
night but showed a bimodal activity with first
peak after dusk and a second after midnight. Per
night density was nearly 1.5 on man but on cattle
it was 7.5. Highly prevalent during July to
September. Although a large number were col-
lected on man. this species does not carry any
importance in the transmission of malaria (Rao.
1984).

An. moghulensis: 1tis a rarc species found in the
eastern part of central India. A few specimens
were collected on cattle during dusk in October
to December.

An pallidus: Predominantly zoophilic. Feeds
throughout night with a peak around midnight.
Maximum feeding occurred before midnight. Per
night density was 0.13 on man but on cattle. it
was as high as 5.14. Prevalent from July to
December.

An. phifippinensis: Although a few specimens (2
on man and 11 on catile) were collected. this
species appears to be zoophilic. It was mainly
collected in the first half of the night during July
to September.

An. jamesii: Mostly zoophilic, feeds throughout
night with higher activity till midnight and a peak
around dusk. Per night density on cattle was 6.38
and 0.37 on man. More prevalent during October
to December. Total absence was observed during
April to June.

An. maculatus: Zoophilic as well as anthrop-
ophilic. Feeding was ohserved throughout the
night with a peak around dusk. Per night density
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was 1.01 on man while it was 4.8 on cattle.
Predominantly found during July to September
but period from October to March was also quite
favourable for this species. Almost disappears
during summer. One specimen collected out-
doors was found positive for sporozoite infection
in the month of April. This species has been
reported to be a primary vector of Indo-Chinese
region and secondary vector of Malaysian region
(Bruce-Chwatt, J985).

An. splendidus: Found on man as well as on
cattle but more on animal. Feeding was through-
out the night with a peak at dusk. Density per
night was (.5 on man and 3 on cattle. Prevalent
from July to March. It was absent during
summer.

An  theobaldi: Zoophilic as well as anthrop-
ophilic. It feeds throughout the night with a
higher activity during second and third quarter
of the night. Per night density was 0.32 on man
and I.3 on cattle. Prevalent during July to
September.

The results have shown that Ar hyrcanus‘group’
and An. subpictus were the most abundant spe-
cies found in the collection. However. the latter
was found active throughout the night with a
peak just after midnight. An Ayreanus along with
An. karwari showed a bimodal feeding activity
with a first peak after dusk and the second after
midnight. An. culicifacies showed a bimodal
activity on cattle but fed intermittently on man.
Three species viz.. An fluviatilis, An. jeyporiensis
and An macularus were found feeding through-
out the night and they had a peak feeding
activity just after dusk. The remaining species
had their peak feeding activities after dusk,

Host feeding behaviour has indicated that An
Jeyporiensis was the most common species found
on man with a highest per right density of 1.9,
followed by An karwari, An. macularus, An
hyrcanus and An. fluviatilis and others had <<0.5
density. An culicifacies was rarely encountered



170

on man. On bovid bait. 4n fyrcanus and An
subpictus were the most abundant species with
per bait per night density of =14 followed by An
jeyporiensis, An. karwari, An. jamesii, An. ma
culglus ete.

Regarding seasonal prevalence. only 3 species
viz.. An. fluviatilis, An. subpictus and An. pallidus
were found throughout the year. However. ma-
jority of the species were predominant in either
July to September or October to December.
Except three species viz.. An fluviatilis, An
pallidus and An subpictus, all other sixteen
species were either totally absent or remained
dormant during April to June.

Duringan earlier study and the present study. the
data on both oocyst and sporozoite infections
were obtained for different species in different
months of the year as shown in Table 3.

Table 3. Monthwise infection of snophelines*

8. Species Oocyst + ve Sporozoite - ve

No. in months n months

1. An culicifacies September March and
September

2. An fluviatilis July Aupust

3. An subpictus — February and
July

4. An maculgtus — April

5. An varung December —

*Source: Kulkarni and Watlal, 1982; Kulkarni. 1983 and
present study.

Vaid eral (1974) and Kalra (1978) have reported
that Bastar district has a perennial type of
malaria and active transmission occurs between
July and Octaber. However. the data for 1978
obtained from the NMEP unit. Jagdalpur of
south Bastar showed that the period of active
transmission gxiends upto December. In the
present study, it was observed that An. fluviatilis
was found throughout the year with higher
prevalence during April to December. covering
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summer. monscon and winter seasons. It showed
high predilection to man was observed to feed
throughout the night. Sporozoite and oocyst
infections have been recorded in July and
August. Therefore. this species plays an impor-
tant role in the transmission of malaria during
April to December in this area.

The data in Table 3 shows that sprozoite in-
fections in An culicifacies were detected in the
months of March (spring season) and September
{monsoon season). Though. it showed a high
predilection to cattle. it fed intermittently on
man. Earlier. this species was reported to be
responsible for spring transmission (January to
March) and for monsoon transmission (July to
October) in the northwestern parts of Madhya
Pradesh (Vaid et al lpc cit). Therefore, 4n
culicifacies could be considered as the primary
vector in the area.

Earlier, sporozoite infections in An subpictus
were found in the months of February and July
and its anthropophilic index was high (35.6%;) in
the month of June (Kulkarni, 1983). The per man
hour density of this species ranged from 66.0 in
June to 84.0 in August. Therefore. this species
could support malaria transmission during the
summer season. Other species 4n. maculgtus and
An. varuna may act as potential vectors in the
area, Hence, malaria transmission in this area
remains perennial and mosquito control mea-
sures should be carried out during all the seasons
of the year in Bastar district.
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Small-scale Field Trials with Polystyrene beads for the
Control of Mosquito Breeding

R K. CHANDRAHAS' and V.P SHARMA:Z

Wells and overhead tanks are the principal
sources of mosquito breeding in urban and semi-
urban situations. In villages around Delhi. wells
are the major sites for mosquito hreeding. Most
of the wells are unused and abandoned. Culex
guinguefasciatus is the predominant species as-
sociated with well breeding. Other species found
breeding in wells were the members of C. vishnui
group. dAnopheles stephensi and 4. culieifacies.
In urban sttuations. overhead tanks are of con-
siderabie importance as far as mosquito breeding
is concerned. In Delhi city almost every locality
has an innumerable number of overhead tanks
and the mosquitoes found in association with
overhead tank breeding are the vectors of urban
malaria. A. stephensi and dengue hacmorrhagic
fever. Aedes aegypti

In an effort to find a convenient approach for the
control of mosquito breedingin unused wells and
overhead tanks. the effectiveness of Expanded
Polystyrene beads (EPS) was evaluated in Dethi
and its neighbourhood. The results of the obser-

Accepred for publication 2% Aupust 1987
'Malaria Research Centre {Field Station)
[ROT. 18th Street
1 Block, Anna Nagar Weat
Mudrax 600040, India.
t Malarin Research Centre (1ICMR)
22-Sham Nath Marg
Delhi-1 10054, India,

vations made hetween February 1985 and Feb-
ruary 1986 are summarised in this communi-
cation.

Well surveys were undertaken in South Delh
{Basantpur area) and West Delhi (Gommana-
heri and Pindiwala Khurd areas) in January
1985, All wells found with mosquito breeding
were numbered. The population of immatures in
the wetls was sampled using a galvanized bucket
(5 litre capacity). A total of 5§ dips were taken
from cach well. The anaphelines and culicines
were then separated and counted instarwise in
enamel trays. The number of pupae collected
were also recorded. Polystyrene beads were then
introduced with the help of a bucket (16 [itre
capacity) and aflowed to form a thick layer.
Gengrally twa buckets of beads (about 650 to 700
gms) were introduced into each well of about 1.5
mdiameter and in bigger wells 2.5 to 3 buckets of
beads (about 800 to 900 gms) were introduced.

The overhead tanks located in Ayurvigyan Na-
gar. RK. Puram (Sector 9). INA Colony and
Pushpa Vihar areas wete surveyed during
June/fuly 1985 and numbered. Thereafter, the
entrance of the ingoing pipe was covered by a
small piece of steel mesly to prevent the entry of
beads into the pipe line. About 200 gms of
polystyrene bheads were introduced into each
overhead tank.
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Post-treatment observations in wells were carried
out at weekly intervals. After taking one sample,
the beads drawn along with the bucket were
removed with the help of a metal strainer and
transferred to an enamel tray and the larvae
(instarwise). and pupae were counted. The larvae
(instarwise) and pupae which were found dead
were also counted and recorded separately. The
beads collected from ali the five samples were
returned to the well.

The post-treatment observations in overhead
tanks were also carried out at weekly intervals.
The breeding was checked with the help of an
aluminium spoon {60 ml capacity) or an enamel
bowl (150 micapacity). Generally three dips were
taken. The contents were transferred to an
enamel tray, beads separated carefully and then
checked for the presence of immatures.

The EPS beads were introduced mto 42 wells of
which 25 were found breeding exclusively cu-
licines and the remaining 17 wells had mixed
breeding of anophelines and culicines at the time
of application. The 1:PS beads were introduced
into eight wells each during February 1985 first
and second fortnights respectively. six and three
wells in March first and second fortnights re-
spectively. ninc wells in July second fortnight and
five and three wells during the first and second
fortnights of August respectively. A total of six
wells served as control. The post-treatment ob-
servations were continued for a period of 46
weeks in wells treated during the first and second
fortnights of February 1985; for 42 weeks in wells
treated during the first and second fortnights of
March; for 26 weeks in wells treated in July
(second fortnight) and for 22 weeks in wells
ireated during the first and second fortnights of
August 1985. However, in the presentation of
post-treatment data. the resulis of weekly col-
fections have been computed and the monthly
average number of immatures per dip sample
with range for the entire observation period from
February 1985 to February 1986 have been given

INDIAN J MALARIOL.. YOL. 24. DECEMBER 1987

in Table ! with density of larvae and pupae
recorded in the control group of wells.

EPS beads were introduced into a total of 8§79
overhead tanks in Ayurvigyan Nagar, R K. Pu-
ram and INA Colony. Pushpa Vihar with 476
overhead tanks was retained as control. The

results of overhead tank survey are furnished in
Table 2.

There are inherent difficulties associated in the
effective control of maosquito breeding in wells.
While a larvicide requires weekly application.
farviciding is a difficult operation in wells be-
cause of long distances between the wells and
difficulties in reaching them during the rainy
season. The present study on the application of
EPS beads has shown that there was a drastic
decling in the density of culicine larvae and pupae
in the successive weeks after treatment. Further,
the EPS beads suppressed adult emergence as
secen by considerable mertality of pupae and
ernerged adults. In case of anophelines, breeding
was detected in 6 of the 8 wells treated in
February 1985 and ane of the 3 wells treated in
March 1985. Following application of beads, the
anopheline breeding was found to continue fur a
periad of one to three weeks except in two wells
where the breeding was recorded for a period of
19 to 22 weeks after application. In all these wells
onfy the early instars were encountered. Fourth
instar larvae could be detected during 7 out of 17
weekly abservations. However, no pupae could
be detected during the entire period of obser-
vation. Based on laboratory studies (Sharma,
1984) it was observed that application of EPS
heads at the rate of 1.0 gm/m? produced high
larval and pupal mortality in Cx. quinguefas-
cintus, A. culicifacies and A. stephensi In a field
study, Sharma er al {1985) found that EPS beads
were effective in the control of mosquito breed-
ing in biogas plants and wells in Nadiad taluka,
Kheda district. Gujarat. The resuits of the pres-
ent study support the observations of the above
authors. The method has several advantages. a) it
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Table 2. Efficacy of EPS beads in overhead tanks

Area Ayurvigyan RK. Puram INA Colony Pushpa Vihar
Nagar {Control)
Number ol tanks treated ny 15z 276 476
July 1985
Number of tanks sampled;
positive
Week I [t
Il 1]
I 7241 48/7
v 720 1403 88/12
August
Week i 60/3
n - 9674
n 161/2 523 8016
v — 1430 80/0
September :
Week I &6/0 80/4 331425
tH 60/0 247510 96/12
m 16/0 11641 125/8 65/1%
v 1410 96/2 — —
October
Week 1 15772 1720 144/] 249/30
I 68/1 16772 2511 414/14
11 1570 20141 280/ 46317
v 223/0 199;1 249/4 465/7
November
Week 1 28643 92/0 — 64/1
1l 18640 -— 146/4 318/3
11 I85/0 3710 27042 4747
LY — 17240 276/0 —
December
Week 1 2810 — BO/G 97/1
11 6810 172/0 — 3791
11 — — 8040 -
v 3170 17200 199/0 22710
January 1986
Week ] 3 — 80/0 2650
n — 17210 — 2110
m 3170 : - 90/0 47601
v -— 1720 199/0 20140

Note: In a part of Pushpa Vihar, the beads were constantly being remaved as the residents werein the habit of drawing water
directly fromthe overhead tanks. In view of thisthe entirePushpa Vikararea wastaken ascontrolalthough the area was
treated in the baginning.
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forms a thick blanket on the water surface thus
preventing oviposition on the water surface; b)
the beads remain on the water surface for a long
time; ¢) they are environmentally safe and d) they
prevent adult emergence in case oviposition does
take place.

In case of overhead tanks, no breeding could be
detected wherever the beads were not disturbed.
In ali the tanks which were found to be positive
for mosquito breeding either the beads were
removed or disturbed so as to form patches.

During the field study the following observatiens
were made.

(a} Iftheterrace iseasily appmachable. the EPS
treated overhead tanks were subject to dis-
turbance.

(b) If the water regulators are not maintaned
propesly, the beads were apt to be washed
away along with the overflowing water.

However, constant contact with the residents
and health education efforts served to improve

INDIAN J MALARIOL.. VOL. 24. DECEMBER (987

the situation. Based on this trial it could be
concluded that EPS beads are useful on a long
term basis for the control of mosquito breeding
in wells and overhead tanks. Community contact
will help in eliminating drawbacks in the latter
habitat.
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Importation of Malaria Cases from Sri Lanka to
Rameswaram Island (Tamil Nadu)

A RAMALINGIESWARA RAD!'. A V. SADANAND! and N JALEEL?

Ther: was large-scale influx of refugees from Sri
Lanka to Rameswaram Island (Tamil Nadu)
during 1985 and 1986. In view of this. arrange-
ments were made to screen the refugees for
malaria infection on their arrival at Rames-
waram Port and subsequently during weekly
surveillance at the transit camp established at

Mandapam. A total of 28760 refugees arrived
during 1985 and 1986 (23734 in 1985 and 3026
refugees in 1986). Of 32291 blood smears col-
lected {26569 blood smears in 1985 and 5722 in
1986). 214 were found positive for malaria
parasite; 159 P. vivax, 45 P. falciparum and 10
mixed infections (Table 1).

Table 1. Monthwise record of malaria cases among refugees from Sri Lanka during 1985 and 1986

prdeminlagical data

Month- e R e e [
Refnpees Plovond simc s o By P Mix
artived collected penilise
1985
I'eh 10139 I 1?2 ] 4 1]
Mar 500 i8R 49 R 14 3
Api lin? 1560 i 16 2 3
My g2 1136 15 I3 1 8]
Jun 1123 1411 25 14 1] f
Tul T30 1053 15 [ f . 1}
Aug 1376 J 380 k] k] n n
Sep 16n7 1979 2 2 1] 0
(Y] 14472 1933 b E 4 2
Ny 282 in 10 b 4 I
[ec 166 573 5 4 ] 0
Taotal 25734 26564 165 118 IR 9
contd.

Accepied jor publication: 1% September 1987,
' Directorate of Public Health and
Preventive Medicine
259 Anna Safai
Madras-600004. India.

Since the blood smears were collected from the
refugees on the day of their arrival either at
Rameswaram Port or at the Mandapam Camp
within a week, all positive cases have been
classified as imported from Sri Lanka. The
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Table ). (Contd )

Epidemiofogical data

Months

Refugees Blood smears Mo, Pv Pr Mix

arrived eollected positive
1986
Jan 454 166 [} 5 | 0
Feb 39 135 2 2 0 n
Mar 292 138 9 8 1 0
Apr 348 209 4 4 0 ]
May 461 286 5 5 0 0
Jun Thd SRR 4 4 ] 4}
Jui 758 566 5 b 0 0
Aug 48) 34] 4 2 2 0
Sep 457 19 5 | 3 |
Oct 399 236 2 2 it 0
Nov 40 15 2 2 0 0
Dec 550 7 | 1 0 ]
Toual 5722 NG 49 4i 7 }

Tahle 2. Agewise classification of malaria cases recorded among Sri Lanka refugees (1985-1986)
Apge group (in years)
Speeies - - e Total
0-11* 1-4 5-15 16-30 504

P. vivax 3 4 55 76 7 159
P falciparum 1 L] 12 24 g 48
Mixed 0 2 3 2 0 7
Total 4 26 70 17 12 214
Percentage 1.8 12.1 ny 47.6 5.6

* 0-11 months

agewise classification of the positive cases re-
vealed that the age group 5-15 and 16-50
accounted for about 80% of the total positives
(Table 2).

The occupational classification of the refugees
showed that 509, were fishermen, 40%, labourers

in tea gardens and 109 engaged in trade. The
source of importation of malaria cases revealed
that 60%; of the positive cases originated from
Besalai. Mannar, Vavuniya. Marugan, Chet-
tikulam and Thiaimannar. Chettikulam has con-
tributed to a maximum number of P. faiciparum
cases (33).
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Incrimination of Anopheles stephensi Liston as

Matlaria Vector in Calcutta

S K. CHOUDHURI! and A K. SENY

There has been resurgence of malaria in Calcutta
beginning from 1981 A progressive increase m
the number of . vivax and P. falciparum cascs
occurred during 1981 onwards. Chloroquine
resistance in P. fafciparum has also been detected
in parts of Calcutia during 1986.

The city of Calcutta is under the NMEP Modi-
fied Plan of Operation. Antilarval operations
are being carried out by the Health Department
of the Calcutta Municipal Corporation, Besides
this, pyrethrum solution of .19 strength1s being
sprayed focally where malaria cases are detected
through passive agencies of Goverament of
India. Government of West Bengal and Calcutta
Municipal Corporation. Labourers engaged in
Metro rail construction and other developmental
projects in Calcutta suffer from malaria and
usually receive inadequate treatment thus creat-
ing a reservoir of infection,

There is an urgent need to control this resurgence
of malaria as the problem is getting exacerbated
and complicated. 4. stephensi was incriminated
as vector of malaria in Caleutta about four
decades ago. Nothing definite is known as to the

Accepted for publication: }1 December 1987,
'Caleutts Municipal Corporation
Caleutta. India,

current status of the vector of malaria in Cal-
cutta. Hence an intensive study was carried out
to incriminate the species of mosquitoes re-
sponsible for the present resurgence of malaria.
After preliminary investigations. the areas of
persistent transmission of malaria in the city were
demarcated.

Adult anopheline mosquitoes were collected
Mrom fixed dwellings (mixed) during 1800 hours
to 0400 hours in Chetla area ol the city. Outdoor
collections of resting anophelines were also made
in the same area during the day. The collected
mosquitoes were broughit to the laboratory in the
morning. They were dissected for gut and gland
infections after identification. Glands found
positive were stained and preserved.

Regular larval collections were also made from
clear water collections in Metra rail sites in the
heart of the city, Larvac were also collected from
witer collections around buildings under con-
struction and other manmade peridomestic and
domestic water collections. The larvae and pupae
were braught to the laboratory for identification.
both in the larval stages as well as after adudt
emergence.

The incidence of malaria in Calcutta since 1981
to 1986 is shown in Table 1. This indicates that
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Tabie 5. Mslaria incideace in Calcutta

Year Blood smears No. Pasitive Pf cases Slide
examined positi-
vity
rate
1981 39000 6600 21 169
1982 47000 6785 15 14.4
1983 67000 19389 1330 89
1984 71000 16056 1184 367
1985 75000 1801 [667 4.41
1986 103830 15723 R9R 152
Table 2. Monthly man hour density of different annphelines in Calcutta®
Species A. stephensi A subpictus A vagus
No. Coll. MHD No. Call. MHD No. Cofl. MHD
Months
Jan Eli] n.07 20 0.qs 5 0.1
Feb 20 003 30 0.07 2 0ons
Mar 5 ani 43 .19 | 0002
Apr 40 0.10 39 0.09 2 £.0%15
May 30 (.07 15 0.a4 3 0.007
Jun 50 0z 44 0.1l 3 4.007
Jul 86 0.2) 37 an9 1 0 s
Aug 128 0. R4 02l 4 0.0l
Sep 183 D45 7 0.24 5 oani
Oct H?2 028 83 0.20 5 na?
Total 694 07 507 12 kY] N.ONg

* Jan to Oct 1986, MHD = Man Hour Density

the incidence of malaria had been rising from
year to year. It was only in 1985 that the
increasing trend of malaria could be checked. bt
in this year there was a significant rise in P.
Jalciparum cases.

A total of 1228 anophelines represented by 3
species. A. stephensi, A. subpictus and A. vagus
were collected between 1800 hours to 0400 hours
during the period January to October 1986.

A. stephensi was the most predominant species
forming nearly 56.52% of the total catch. The
second predominant species was A. subpictus
(40.86%) and the third was A. vagus (2.60%,). The

manthly man hour density of the different ano-
pheline species is shown in Table 2.

In the outdoor collections during the period
January to October 1986. 4 A, subpictus and 2 A.
stephensi were found from empty drums and
fencing.

A total of 982 anophelines were dissected and of
these. gland infection in one specimen of A
stephensi was found during the month of Septem-
ber.

Spot checks were made both for the detection of
untreated and newly established breeding places.
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Breeding of larvae was found in masonry tanks.
cisterns. fow-lying land. water collections in
buildings. tyres. borrow pits, difches. ponds.
empty artificial containers. depressions, shallow
wells. pits. drains, nullahs, canals etc. Of a total
of 59762 sites checked 10592 were found positive
for breeding.

The earlier work on incrimination of vectorsof
malaria in Calcutta was done by Siddons (1946).
He incniminated 4. stephensi as the vector of
malaria in Caleutta. Out of 1052 4. srephensi
dissected and examined. 6 glands were found
positive.

Neogy and Sen (1962) also incriminated A
stephensi as the vector of malavia in Durgapur,
West Bengal when there was an epidemic of
malaria during construction of Durgapur Ther-
mal Plant (D.V.C.). Recent studies by Haui and
Mukhopadhyay (1980) and Hati eral (1987} also
implicate A. stephensi as the vector of malariain
Calcutta.
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Reprints
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