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Evaluation of Plasmodium cynomolgi B Antigen in
Enzyme Linked Immunosorbent Assay (ELISA) Test for

Human Malaria

G.P. DUTTA' LK. SRIVASTAVA! PAWAN SHARMA? and 5.5 AGARWAIL?

Antigen prepared from Plasmodium cynomolgi B schizonts was evaluated in the enzyme linked
immunosorhent assay (ELISA) for the serocpidemiology of human malaria, using sera from malaria cases
residing in seven different incalities. At a cut off point equivalent to mean + 3 S I (Extinction at 492 nm.
E492 = D.066) of the values obtained in the normal healthy subjects (r = 155}, seropositivity of 96.30, 1.43and
L. 1% was obtained in the slide positive malaria patients (n = 267), patients of pyrexia (n = 70} and the
random hospital paients {n = 135), respectively. None of the normal healthy subjects gave a positive ELISA
reaction. Highest E497 values were also obtained amang the malaria patients (mean £ S D =0.1202 0.03
P<D.0D1). Seropositivity among F. falciparum cases {n = 17]) was 94.83%, among P. vivax cases {n = 93)
95.70% while all the 3 cases with mixed infection gave positive ELISA reaction.

Sensitivity of the P. cynomolgi B antigen compared favourably with that of P. falciparam and P. knowlesi
antigens; its specificily was found to be better than that of P. knowlesi antigen which gave 12 false positive
results in contrast to 5 obtained with P cynomolgi B antigen from among 1he patients of pyrexia and

randem hospital patients.

INTRODLUCTION

Serological tests for the detection of specific
antibodies have been shown to be valuable inthe
diagnosis of clinical cases of malaria as well asin
the seroepidemiclogical studies (Meuwissen,
1974; Manawadu and Voller, 1978; Lobel et af.,
1976; Kagan, 1972). Compared to indirect
haemagglutination (1HA) and indirect fluores-
cent antibody (IFA) tests which have been used
earlier for seroepidemiology of human malaria,

Accepted for publication: 9 August 1984,

Division of Microbiclogy

Central Drug Research Institute, Lucknow-226001, India.
Depariment of Medicine

K.G. Medical College. Lucknow-- 226001, India.

the recently developed enzyme linked
immunosorbent assay {ELISA) test has been
found to be highly specific for the detection of
malaria antibodies and it is next to radioimmuno-
assay in its sensitivity (Voller et al., 1977). Using
Plasmodium falciparem antigen, the ELISA test.
has been successfully applied for delineating
areas of high or low endemicity, for monitoring
the rate of transmission of the disease and for
evaluating the success of malaria control
measures (Voller et af., 1976, 1980; Quakyi,
1979; Edrissian ef al., 1979. Dutta er al., 1982).

[n India, however, the application of this assay
for the seroepidemiological studies of human
malaria has been very limited because of the
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non-availability of highly purified homologous
antigen (P. falciparum) in sufficient quantity
(Mahajan et al., 1981; Francis et al., 1982). A
task force of the Indian Council of Medical
Research sugpgested the possible use and
evaluation of simian malaria parasites viz. P.
knowlesi, P. cynomolgi, P. coatneyi etc., as the
allernative antigens for seroepidemiological
studies on malaria. Our ecarlier studies have
shown that the antipens prepared from P,
knowlesi and P. cynomolgi are gnite suitable for
the IHA and IFA tests (Agarwal er al., 1981,
1982, 1983). Antigen prepared from P, knowlesi
was found suitable for the ELISA test as well
(Srivastava ef gl., 1983).

This is the first report on the evaluation of P.
cynomolgi B antigen in the ELISA test for sero-
cpidemiology of human malaria; sensitivity of
this antigen has been compared with our earlier
results on P. falciparum and P. knowlesi
antigens.

MATERIAL AND METHODS

Blood samples for sera of 267 malaria patients
(Group D) residing in 7 different localities of

Uttar Pradesh and Haryana were collected ai the

time of their slide preparation (Table 1). Of
these, 171 were found to harbour Plasmodium
Jaiciparum, 93 P, vivax and the remaining 3 had
a mixed infection with both the species. Sera
from 70 paticnts of pvrexia of varied aetiology
(Group Ii). i35 random hospital patients
{Group 111} and 155 normal healthy medical
students (Group IV) were also collected.
Subjects included in Group 11 and 11T were slide
negative for malaria but the possibility of
malaria infection in the past was not ruled out.
Subjects included in Group IV were drawn from
the medical students admitted to the King
George's Medical College, Lucknow; special
care was faken to include in this Group only
those persons who had no history of malaria,
preserited no clinical signs or symptoms
attributable Lo malaria and were slide negative.
ANl sera were stored frozen at -200C and
inactivated at 56°C for 30 mins prior to use.

Antigen of P. cynomolgi B was prepared
essentially according te the methods described
earlier (Agarwal et al., 1981; Srivastava ef al.,
1983). Schizont infected erythrocytes from
infected monkey blood were separated by

Table 1. Locallty-wisz break up of the malaria patients (Group 1)

Locality No. of No. with infection
paticnis
P. falciparum P. vivax Mixed

|. Kalan 55 43 9 3
(Shahjahanpur, U.P.)

2. Shaktinagar 30 9 21 Nil
¢Mirzapur, U.P.)

1 Ral 41 36 ' 5 Nil
{Mathura, LI.P))

4. Mant 84 71 13 Nit
(Mathura, U.P}

5. Purwa 18 10 ] Nil
{Unnao, U.P.)

6. Chaurmastpur 19 I 8 Nii
(Ambala, Haryana) '

7. Karnal city 20 I 19 Nil
hospital {Haryana)
Total 267 171 93 3
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density gradiemt centrifugation. Schizonts
obtained after saponin lysis were washed free of
red cell ghosts and stored at -196°C in liguid
nitrogen. On the day of test, an aliguet of the
{rozen schizonts was thawed, disrupted by
uktrasonication and its soluble fraction used as
anligen,

The optimal antigen concentration for coating
the wells of the micro-ELISA plate {Cooke
Microtitre, No. [-223.29) was determined by a
chequer board titration, using a reference
positive and a reference nepative serum.

The test was performed essentially according to
Mutta er al. (1982) except that the antigen used
was P. cynomolgi. The micro-ELISA plates
were coated with antigen by airdrying 200 pt of
the optimally dituted antigen in cach of the wells.
The antigen coated wells were washed with
Tween saline solution and incubated with
optimally diluted serum sample. This was
iollowed by incubation with the optimally
difuted enzyme conjugate viz. horse-radish
peroxidase (HRP) labelled anti-human [gG
(Cappel Labs., Chochranville, USA). Enzyme
activity adhering to the wells was estimated
biochemically using o-phenylenediamine
dihydrochloride and H:0: as substrate; the
reaclion was stopped by adding SN H:S04 and
results recorded as exitnction at 492 nm (Esa)
after appropriate dilution of the sample. The
WHO protocol was used for determination of
uptimal dilution of enzyme conjugate.

ELISA test using P, knowlesiand P, falciparum
antigens was also performed on these sera as
published  elsewhere (Dutta et al.. 1982;
Srivastava ef al., 1983) and the summary of
results incorporated in the present paper for
companson.

The results were analysed using Student’s t"test.
RESULTS

Results of a chegwoer board titration for deter-
mining optimat dilutions of antigen and serum

samples, presented in Table 2, showed that [ in
100 dilution of the antigen as well as of the serum
was optimal since the maximum difference in the
Es: values of the positive (P) and negative (N}

sera was observed at this dilution (P/N = 4).

In another cheguer board titration results of
which are shown in Table 3, a dilution of ! in
1000 of the enzyme conjugate was found to be
optimal for obtaining a clear cut distinction
hetween positive and negative sera (P/N = 4),

Results obtained by the ELISA test among
vanous groups of subjects are presented in Table 4.
The highest Eisz values were obtained among the
malaria patients (Group [, Ea2=0.1200 £0.030)
and the lowest among the normal healthy
subjects (Group 1V, 0.030 £ 0.012). Taking mean
+ 2 5D of the values obtained in Group IV as the
cut off point (Ewr = 0.0540), 97.38¢; of the
malaria patients {Group I), 0% of the patients
with pyrexia of varied origin {Group i}, 16.3%
of the random hospital patients (Group ITI) and
only 3.23% of the normal healthy subjects
(Group IV) were found to be seropositive for
malaria. Even at the cut off point equivalent to
mean + 35D of the normal vatues (E« = 0.066)
positivity obtained among malaria patients
(96.39;) was largely unaffected while only 1 out
of 70 patients {1.43%) of Group 1! and 15 out of
[35 patients (11.119%) of Group I yielded a
positive ELISA result; none of the healthy
subjects gave a positive reaction at this cut off
point.

Positivity of 96.535,95,7¢ and 100% was obtained
in cases of P. falciparum, P. vivax and mixed
infection, respectively, at cut off point of Mean +
28D. The corresponding positivity at mean +
ISD was 94.83, 95.7 and 100%, respectively.

Results of a comparative evaluation of the
positivity obtained with P. falciparum, P,
knowlesi and P. cvnomolgi antigens in the
LEISA test are presented in Table 5. Qut of 267
malartia patients, 356 gave a positive result with
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Table 3. Standardizstion of optimum conjugate dilution for use in ELISA test using P. cynomolgi

B antixen coated dry pistes

Conjugate F492 values Easz values Pasitive
dilutions of Ref. {(+)ve of Ref. (-)ve negative
Serum wLrum ratio (P N)

[ 250 0.24 0.07 343

1: 500 0.20 0.055 REE
[REEL L u.14 0.035 4.00

i 1 &.10 0.030 3.66

i : 4000 0.08 0.025. 125

Tubie 4. Mean extinction values {E#1) among various groups and aumber of positive cases at different cut off points
determined from norma) velues using P. cyromolgi B antigen

G

TIE.

roups F49 values Pasitivity at
Mean S I
Mean + SD* Mean + 2 5+ Mean + 3 SD*
{ Fa920.0420) (E#92=0.0540) {E402=0.0660)

Malaria patients 0.1200+0.030 264 260 257
in = 267} (pc0.001)* 198 .81) {97.38) (96.30)
tay P. falciparm

CHSES 0.1100142.030 169 168 165

in=171) {p<.D01)* (97.12) (96.55) (94.83)
{h} P. vivax cases 0. £20040 040 92 89 89

{n =93 {(p0.0O1)* {98.91) {95.70) (95.700
tc} Mixed infection

cases 0.1400+0.020 3 ] 3

(n=3) {p<0.001) {100.00) { 100,00} {100.00)
Patients of pyrexsa
ul varied origin 0.0400+0.00% 15 7 1
{n=7M {n.s.)* {21.43) { 10.00} (1.43)
Random hospital
patients G.0400+0.015 42 22 15
fn = 135} {n.s.}* IKINE {16.30) (i
Normal healthy
suhjects 1030040012 19 5 Nil
{n = 155 {12.26) (3.2

*These values are based on extinction values of normal healthy subjects (Group TV)
Figures in parentheses indicate percentage; n.s. = not significant; S = Standard deviation.
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Tabte 6. Locality-wise hreak up of positivity obizined among melaria patients {Groug 1)

Locality Easz values No. positive at
Mean + SD
Mean + SD* Mean + 2 SD* Mean + 3 SD*
{Eaz=0.042) (Lay2=0).054) {E49220.066)
b, Kalan :.120040.04 53 52 L1
{n = 55) (96.34) (94.55) (92.73)
2 Shaktinagar 4.1100+0.02 n 10 0
tie = 3 (100} {100} {100}
1, Ral 0.1150+0.03 41 41 41
in=4l} (100 £100) (109)
4. Mani 0.1200+0.03 LE 84 82
1n = 84) {100 [REt3)) {97.62)
5. Purwa 0.0950+0.03 ry 16 16
m= 14 {94.4) {3%.89) {85.89)
. Chaurmastpur 6.1500:0.045 19 18 18
(n =19} {100} (94.74) (94.74)
7. Karnat 0. 14004004 20 34 19
{n = 2M (14w} 195) (95)

*Rased on vahes obtsined among normat healthy subjects (Group 1V)

Figures in parentheses indicate percentage.

all the three antigens; of the rematning 11 cases, 2
gave positive reaction with P. falriparum alone,
} with P. rynomolgi alone and 8 with hoth P.
falcipgrum and P. knowlesi. Of the 10 cases
missed by P, cvnomelgi, 6 were harbouring P
falcipgrum.

{_ncality-wise break-up of the positive ELISA
resubts (Table 68) showed that mean Ew values
differed from one locality to another, although
they remained significantly higher in ail the
localities when compared with the normal values
(p<0.O1).

DESCUSSION

Resuits of the present investigation clearly
indicate that adequately purified P. cynomolgi B
antigen can be success{ully used in the ELISA
test for serodiagnosis of human malaria.
Anligen prepared from P. cvnomolgi has been
widely used earlier in the indirect finores-
cenf  antibody test (Coudert er al, 1965;
Ambroise-Thosmas er af., 1976; Agarwal er al,,

1983}). The present study turther corroborates
the usefulness of P. cvnomoigi antigen and
extends its use to the ELISA 1test for
seraepidemiology of human malaria. Using this
antigen, the TLISA test at 399 confidence limit
was found to be highly specific as none of the 155
normal healthy subjects (Group 1V) yielded a
positive reaction at this cut off point, while a
positivity of 96.30% was obtained among the
malaria patients {Group [}. A very low positivity
of 1.439% obtained among patients of pyrexia of
varied origin (Group II) and of 11,114 obtained
among random hespital patients (Group [II)
may indicate cases which had a past experience
with malaria rather than ‘false’ positive values.

Our initial results with P. cynomolgi B antigen
compare favourably with those reported by
others using P. falciparum antigen {Voller et al.,
1980; Mahajan er al., 1981; Spencer er al., 1981,
Dutta ef af., 1982). The ELISA test with P
cynomolgi B antigen should be given a wider
trial in areas of P. vivax infection to evaluate its
field application in other parts of the country.
Purified P. cynomolgi B antigen as used in this
study can be readily prepared in adequate
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gquantity from the blood of experimentally
infected rhesus monkeys and used for
large-scale seroepidemiological study.
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Influence of Progesterone and Estrogen Administration on
the Recrudescence Patterns of Plasmodium knowlesi
Infection in Female Rhesus Monkeys (Macaca mulatia)
following Initial Subcurative Chloroquine Therapy

INTROIDUCTION

contraceptives and depot form of

G.P. DUTVA and K. K. KAMBOJ!

The efiect of shorl-term treatment ol female chesus monkeys { Macace smedaria) with high doses of progesierone or
eslrogen, on the pattern of recrudescence of Plasmodium knowlesi, after initial sutcurative chloroquine therapy has
been studied. Progesterone (1 mg/kg/day} or estrogen {estradiot dipropionate, 10 pg/kg/day) was
administered to groups of nine monkeys by iym route for 25 days prior o malaria infection and the
treatment was continued during the rest of the study. Nine monkeys which served as control, were
administered only the vehicle {stertle oltve oil, 0.5 ml, i/m) for 25 days. In order to suppress primary
infection, chloroquine (9-1¢ mg base) was administered in 2 -4 divided doses between |2-25th day of P,
knowlesi innculation, and the patierns of recrudescence were studied.

Al the monkeys with progesterone or estrogen showed recrudescence 7-8 days after subcurative therapy
with peak parasitaemia levels of 8.50+7. 70% and 5.1313.51% respectively, which were significantly higher
than the controls {peak |.8110.88%). The 1otal parasitaemia load during recrudescence was 5. 10 -fold higher
in progesterone treated group and 3.46-fold higher in estragen treated group, as compared to the controls,
The duration of major peaks of parasitazmia in both the steroid treated groups was significantly longer.
These studies suggest that tigh doses of steroids tend (o slightly delay the development of protective immune
responses against P. knawlesi in rhesus monkeys.

1974; Fitzerald er af., 1973; Hagen and Froland,
1972; Keller ef al., 1977), as well as in those
receiving estrogen and progesterone substitution

progestogens are currently used on a large-scale
for contraception. Published reports show that
both progesterone and estrogen exhibit a general
immunosuppressive action on the host (Krueger,
1972). The PHA-induced blastogenic response
of lymphocytes was reported to be depressed in
women taking oral contraceptives (Branes er al.,

Accepred for publicarion: 17 August 1984
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therapy for primary ovarian failures (Morishma
and Henrich, 1974). Progesterone has been
found to cause a depletion in the number of
circulating lymphocytes by its direct action on
the lymphoreticular tissue {Turcotte eral., {968).
Estrogens have also been reported to suppress
CMI and to specifically inhibit cutaneous
delayed hypersensitivity reactions (Kappaset al.,
1976).
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Studies on malaria incidence in Gambian
women taking oral coniraceptives, suggested
that these women maintained a slightly higher
level of malaria infection as compared to age
matched control group not taking contraceptives
(Bray, 1976). However, in this study the blasto-
genic response of the lymphocytes to PHA was
not depressed. Similarly, another study on the
immune status of women using oral contracep-
tives, showed no significant difference in their
PHA response of lymphocytes (Ramalakshini ef
al., 1979). Although reportsin literature are con-
flicting, the overwhelming evidence tends to sug-
gest, that hormonal steroids might affect the
immune status of the host.

Studies on the ‘Interactions between oral contra-
ceptives and malaria’ carried out in this Institute
nnder the WHO Project—70149B also showed
that rhesus monkeys which were administered
Norinyl or Ovral-28 for six eycles, when infected
wilh blood induced P. cynomolgi Band P. coar-
neyi, tended to maintain higher levels of parasit-
acmia as compared to the controls not treated
with oral contraceptives (Dutta et af., 1984). The
present study was planned with a view to provide
additional background data on the interaction of
hormonal contraceptives and malaria and to
understand the effect of individual hormonal ste-
roids (progesterone/estrogen) on the pattern of
recrudescences of P. knowlesi after initial sub-
curative therapy with chloroguine.

MATERIAL AND METHODS

Maintenance of rhesus monkeys (Macaca
mularta); Adult female monkeys weighing 5-6
kg, which were negative for tuberculosis as
showa by tuberculin test and chest X-ray, were
used for this studv. They were maintained in
air-cooled rooms with 12 hr photoperiodicity
(fluorescent lights werc kept on from 700- 1900
hrs), and were given standard pellet feed supple-
mented with green vegetables, soaked gram and
banana or apple.

Study groups: Normal cycling female monkeys
were divided into three groups of nine monkeys
each.

1. Control group was administered sterile oiive
oil (0.5 ml vehicle), daily (i/m).

2. Progesterone group was administered |
mg/kg progesterone, daily (i/m}.

3. Estrogen group was administered 10 pg/kg
estradiol dipropionate, daily (i/m).

Steroid treatment was started 25 days before
malaria infection and continued till the end of
the study.

Malaria infection: Blood induced Plasmodium
knowtlesitstrain W) infection was used forinocu-
lation of contro! and steroid treated groups of
rhesus monkeys. After 25 days of pretreatment
with steroids or vehicle, the animals were inocu-
lated with 50,000 parasitized RBC (ring stage).
Course of parasitaemia was recorded daily by
examining thin and thick blood smears stained
with Giemsa. Parasite counts were made on the
basis of 10* RBC and expressed as percent
parasitaemia.

Recrudescence patierns after subcurative chlo-
roquine therapy: Subcurative doses of chioro-
quine diphosphate (9.11-10.27 mg chloroquine
base in 2-4 divided doses by i/m route) were
administered to each monkey during carly infec-
tion, which resulted in suppression of parasitae-
mia, Later, all these monkeys showed
recrudescence with several peaks of parasitaemia
and finally the infection became chronic without
further drug intervention (Dutta and Singh,
1980). The schedule of subcurative therapy such
as the details of parasitaemia level, chioroquine
doses and day of administration are given in
Tables 1-3. The peaks of parasitaemia attained
during recrudescence, after subcurative therapy
in the control and steroid treated groups, were
recorded for 50 days of observation period (post-
infection) hy checking the daily parasitaemia.
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Tabie 1. The pattern of recrudescence of P. knowlesi infection in female rhesus monkeys following initial suppression of
parasitaemia with subcurative chloroquine thernpy (Control group)

Subcurative therapy Recrudescence parasitasmia
5. Mo,
Parasitaemia Chloroguine Peak parasitaemia  Day of peak Duration
% Dose {On day) % (days)
mp/kg
1. 4.2 5.0 {6} 2.1 24 13
1.8 2.5 {n 1.2 30
2.2 50 {1y
2. 8.1 5.0 {6} 1.2 35
5.2 50 #)
24 2.5 (K5}
1 i1 2.5 (&} LB 4 18
1.6 2.5 (M 28 kK]
0.5 25 (12} 1.2 40
1.2 25 [ 3]
4, 5.0 50 {6} 1.2 23 0
6 2.5 1) 26 27
1.2 2.5 {16)
5 .5 2.5 16) 2.8 kl1] 1]
1.8 5.0 [t .5 n
1.6 50 (6t
6. LB 2.5 (8) 1.1 30 14
42 25 {14} 0.2 38
10.2 50 {15}
T 1.6 25 (8 1.2 37 i
6.5 5.0 (16} 4.5 4
21 15 (24)
8. 08 25 7) 0.5 3 6
22 2.5 (15}
24 25 (25)
9. 1.5 15 1)) 1.4 20 12
2.6 25 313)) 08 37
25 2.5 (IR}

Vehicle 0.5 m) olive oil {withowt steraid) was started 25 days prior ta infection and was continued throughout the study.
Maonkey No. 2 died during recrudescence of parasitacmia,



%2

INBIAN J. MALAR. YOI, 21 DECEMBER 19384

Table 2. The effect of progesterone administration on the recrudescence of P. knowlesiinfection in female rhesus monkeys
following initial suppression of parssitaemis with subcurative chloroquine therapy (Progesierone group i1 mg/kg/day])

Subcurative therapy Recrudescence parasitacmia
4. No.
Parasitaemia Chioroquine Peak parasitaemia Day of peak Duratian
% Pase (On day) % (days)
mg/kg
f. 1.2 2.5 n 25.0 30 20
5.5 50 (B)
3.5 5.0 {18}
X it 2.5 ih 8.7 32 15
12 2.5 (12}
&5 5.0 {18}
3. 1.1 2.5 {7 L& 30 I3
18 5.0 (£ 08 37
237 25 (FR)
4. 6.1 5.0 (7 6.8 23 28
1.6 2.5 (AR} 8.6 32
1.2 2.5 {16} 0.8 44
5 1.2 5.0 L1} s k]|
2.8 50 (19 12.1 44
50.0 4%
fh 08 25 ()] 6.3 k1] 1]
28 5.0 (on 41 M
25 50 {19 2 38
7. 8.2 50 (11} 26 36 15
21 2.5 {(20) 28 I8
16 23 (25 48 40
K. 4.2 $8 1] 80.0 37
10.0 25 (&)
35 25 {20}
9. 8.7 50 (i 18 k! 14
28 25 24)

Steroid vehicle administration was started 25 days prior to infection and was continued throughout the study.
Monkey nos, 5and B died during recrudescence of parasitaemia,
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Tubie 3. The effect of estrogen administration on the recradescence of £, knowlesi infection in female rhesun monkeys
foliowing initial suppression of psrasiteemia with subeurative chloroquine therapy (Estrogen group [estradiol
dipropionate 10 pg/kp /day]

5 N .-‘.“»u“};(.-urn.livethcrapy Recrudescence parasitasmia
Y e Chlotoyuine Peak parisitaemaa  Day ot pesk Duration
i Dose 10 day) 5. {days)
me kg
i 1.2 25 {6} 1.9 i £
5.} 5.0 ] 3 kE|
P4 25 (14} 12 7
47 5.0 (17}
1 (] 2.5 i6) 8 24 22
2.2 5.0 112} i) 24
X 30
08 k}
1 1.2 15 i7} 12 22
h& ] N 1) 5 28
4.1 46
451 49
1 it 5.0 i7 4 6
14 2.5 13 22 1!
p 50 114} 143 6
5. 0x 2.5 (7 0.2 Pl 27
2.8 5.0 (AR] 1.6 30
04 9
1.6 47
o, i1 25 [} 5.2 37 16
2R 25 (i It 42
1.8 18 {25)
7 gt L i6) 1.5 3z 12
0K s (] 12 1Y)
1 25 {19 15 40
2 35 {24y
K. 2.2 2.5 {7 1.5 k] 18
4.2 25 (L) 0.8 18
45 2.5 20
9. IR 25 m 14 17 22
4.8 2.5 {13 16 3%
28 15 (193 1.2 4

_;;1 eroid fvehicle administration was started 25 days prior to infection and was contipued throughout the study.
Monkey nos. 3& 4died during recrudescence of parasitacmia.
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RESULTS

The details of the data on recrudescence in indi-
vidual monkeys after subcurative chioroquine
therapy, and the duration of major peaks as
udged by the period during which the parasitae-
mia remained above (.1% level in control, pro-
gesterone and éstrogen treated monkeys, are
given in Figs. 1-3, and Tables [-3and the statis-
tical significance of the data in the three proups is
presented in Table 4.

In the control group, recrudescence was
observed 5- 10 days (average 7.88 days) after the
last subcurative dose of chloroquine, whercasin
the progesterone group the parasitacmia
appeared between 4- 12 days (average 8.33 days)
and in the estrogen group between 6-10 days
{average 7.77 days} after the last dose.

Further, the peak parasitaemia during recru-
descence in the confrol monkeys was [.8] +

INDIAN J MALAR, VOL. 21 DECEMBER 1984

0.88% (range 0.2 - 2.8%), and the duration of
major peaks was 11.87 + 3.44 days {range 6-18
days). In the progesterone group, the peaks of
parasitaemia showed an average of 8,50 % 7.70%
(range 0.8 - 25.09), and the average duration of
peaks was 17.8 days (range 13-28 days). Similarly
in the estrogen group, the peaks of parasitaemia
showed an average of 5.13 + 3.519 (range 0.2 -
10.4%), and the average duration of peaks was
19.1 days (range 12-28 days). The peak levelsof
parasitaemia in 5 monkeys (one control, two
progesterone treated and two estrogen treated)
which shot up to high levels during recrudes
cence, resulted in the death of the monkeys and
they were not taken into account for comparing
the peak parasitaemia levels.

The totat cumulative parasitaemia load during
recrudescence (upto 50 days of infection) was
346 w 5.10-fold higher in both the steroid
treated pgroups, as compared to controls
{Table 3).
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RESULTS

The details of the data on recrudescence in indi-
vidual monkeys after subcurative chloroquine
therapy, and the duration of major peaks as
judged by the period during which the parasitae-
mia remained above 0.1% level in control, pro-
gesterone and éstrogen treated monkeys, are
given in Figs. 1-3, and Tables 1--3 and the statis-
tical significance of the datain the three groupsis
presented in Table 4,

In the contrel group, recrudescence was
ohserved 5-10 days (average 7.88 days} after the
last subcurative dose of chlorequine, whereas in
the progesterone group the parasitaemia
appeared between 4- 12 days (average 8.33 days)
and in the estrogen group between 6-10 days
taverage 7.77 days) after the last dose.

Further, the peak parasitaemia during recru-
descence in the control monkeys was 181 +
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0.88% (range 0.2 - 2.8%), and the duration of
major peaks was 11.87 £ 3.44 days (range 6-18
days). In the progesterone group, the peaks of
parasitaemia showed an average of 8.50 + 7.70%
(range 0.8 - 25.099), and the average duration of
peaks was [7.8 days (range 13-28 days). Similarly
in the estrogen group, the peaks of parasitaemia
showed an average of 5.13 + 3.51% (range (.2 -
10.4%), and the average duration of peaks was
9.1 days (range 12-28 days). The peak levelsof
parasitaemia in 5 monkeys (one control, two
progesterone treated and two estrogen treated)
which shot up to high levels during recrudes
cence, resulted in the death of the monkeys and
they were not taken into account for comparing
the peak parasitaemia levels,

The total cumulative parasitaemia load during
recrudescence (upto 50 days of infection) was
3.46 to 5.10-fold higher in both the steroid
treated groups, as compared to controls
(Table 5).
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Table 5. Cumulative parasite toad during recrudescence of
parasitaemin {P. knowlesi) in rhesns monkeys trested with
progesierone/estragen and controls following subcurative

therapy
Treatment No. of Period of  Cumujative
group monkeys?* observation parasitaemia
load/ IMRBC
Control 8 50 742,60
Progesterone 7 50 3786.10
Estrogen 7 50 2559.00
*Survived recrudescence
Control vs Progesterone 5.0
Control vs Estrogen 3463 Fold increase
tstrogen vs Progesterone |47
DISCUSSION

P. knowlesi infection was used in this study to
monitor the effect of progesterone and estrogen
individually, on the devclopment of protective
immune response; since it can produce both fatal
mfection in untreated monkeys, and a chronc
infection afier appropriate initial subcurative
therapy with chloroquine (Dutta and Singh,
1980G). It has been suggested that subcurative
therapy of P. knowlesi infection stimulates host
immune responses which modify the course of P.
knowlesi infection, resuiting in chronicity. After
cessation of chloroquine therapy, a few waves of
parasitaemia are observed during recrudescence,
but the successive peaks are suppre.sed by the
increasing protective immune responses of the
host. The results of the present study clearly
show that the major peak levels of parasitaemia
attained during recrudescence were 5.10-fold
higher in the progesterone treated group and
3.46-fold higher in the estrogen group as com-
pared to the controis, and the difference between
peak heights in steroid treated groups and the
controls was statistically significant. Further,the
duration of major peaks was significantly longer
in steroid treated groups as compared to con-
trols. The present study suggeststhat administra-
ton of high doses of progesterone or estrogen
could delay the development of protective

immune response in malaria, resulting in a tran-~
sient but significantly higher parasitaemia load
during recrudescence. However, the infection is
finally controlled effectively in both the steroid
ireated groups and the contrels, resulting in
chronicity of infection.
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Biochemical Changes in Cellular Constituents and some
Enzymes in Host-tissues from Plasmodium knowlesi Infected
Rhesus Monkey (Macaca mulaita)

RAHUL SRIVASTAVA!, NALINI SAXENA2, V.C. PANDEY? and G.P. DUTTA!

Changes in the cellular constituents as well as some of the matker enzymes of carbohydrate metabolism,
proteinases, phosphatases, nucleases, GOT and GPT in liver, kidney and spleen of rhesus monkey following
acute Plasmodium knowlest infection have been studied. As a result of malaria infection, there was
significant depletion of total carbohydrate content in the liver and kidney. Spieen showed elevated glucose
levels, The levels of glycolvtic and TCA cycle enzymes were generally lowered in all the malaria infected
tisstles and pentose phosphate cycle key enzyme (G-6-PD) was stimulated in (he liver but there was marked
decreasc in the spleen. There was also & depletion of total protein and phosphorous contents in liver and
kidney during malaria infection with a concomitant increase of proteinases and phosphatases. The spleen
which is the main target of immunopathology in malaria, showed net increase in protein and phosphorous
contents and correspondingly no activation of proteinases or phosphatases were observed. The activities of
both the acid and alkaline DNases in all the infected tissues were ¢levaied and consequently there was a
decline of total DNA conent of tissues lollowing malaria infection. Total RNA content showed major
decline in spieen and less so in kidney and Jiver and the corresponding RNA hydrolysing enzyme showed
marked increase in kidney in comparison to spleen. Lipid analysis showed an increase in the level of total
lipids, triglyoerides and phospholipids in the liver, and that of cholesterol and phospholipids in infected

splecn.

INTRODUCTION

A limited amount of information is available tn
literature regarding changes in biochemical
parameters of the host during primate malaria.
Changes in only a few celiular constituents of
different tissues during malaria infection have
been studied viz., lipid profile of the Jiver of mice
infected with P. berghei (vou Brand and Mer-
cado, 1958; Rao er al., 1967) and liver of rhesus

Accepred for publication: § October 1984,
Division of Biochemistry? and Microbiology'
Central Drug Research Institute, Lucknow-226001, India.

monkey infected with P. knowlesi (Angus et al.,
1971). Alteration in nucleic acid contents of liver,
kidney and spieen of mt infected with P. berghei
{Buangener, 1965) and liver of chick infected
with P. gallinaceum (Rama Rao, 1978) were also
studied.

Mercado and von Brand (1954) demonstrated
lowering of glycogen synthesis in rat due to P,
berghei infection. Similar findings were reported
for liver of rhesus monkey due to P. knowlesi
infection (Maegraith, 1968; Devaku!l and Mae-
graith, 1958) and in albino rat infected with P.
herghei (Chattetji and Sen Gupta, 1957).
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Malaria infection s also known to cause hypo-
glycaemia in the host particularly during acute
state of infection (Chatterji and Sen Gupta, 1957,
Devakul, 1960).

Changes in proteincontents of liver and spleenin
Mastomys natalensis (Saxena ef al., 1981) and
mice (Sharma ef al., 1979) during P. berghei
infection, have also been reported. Rao er al.
(1967) noticed the changes in phospholipid con-
tents of mouse spleen due to P. bergheiinfection,
Impairment of respiratory function and oxida-
tive phosphorylation of the liver mitochondra,
of mice and rats, during malaria infection has
also been reported by some workers (Basu ef gl.,
1962; Riley and Deegan, 1960; Riley and Mae-
graith, 1962; Maegraith, 1954).

In view of the fragmentary information in litera-
ture about different biochemical parameters of
malaria affected tissues, an attempt has been
made in this study to analyse some of the bio-
chemical changes in liver, spleen and kidney of
rhesus monkey infected with P. knowlesi,

MATERIAL AND METHODS

Experimental animai: Adult rhesus monkeys
(Macaca mulatia) of either sex, weighing about
4-6 kg were kept under 12 hrs photoperiodicity
with fluorescent lights on from 7.00 hrs to 19.0¢
hrs. Rhesus monkeys used in the study were
certified to be free from tuberculosis as shown by
negative tuberculin test and chest X-ray. The
monkeys were maintained on normal diet con-
sisting of pellets, fruit, green vegetables and
soaked gram.

Malaria infection: Plasmodium knowlesi (Wr)
strain kindly donated by Prof, P.C.C. Garnham,
FRS was used for infecting the monkeys. They
were inoculated with 12105 parasitized red blood
cells from infected donor monkey and the course
of parasitaemia was recorded from thin smears
stained with Giemsa stain. Parasitaemia was
expressed as parasitized cells per 100 RBCs.

The animals were sacrificed at acute parasitae-
mia (40-6(% schizont infection) by cardiac
puncture and the tssues viz., liver, kidney and
spleen were collected in ice and processed imme-
diately for various hiochemical assays. Normal
animals were also sacrificed along with the
infected animals in each set of experiments.

Preparation of homogenate: 0% (w/v) homo-
genate was made by homogenizing the fresh
tissues in Potter Elvehjern homogenizer at4°Cin
pre—chilled distilled water. The homogenate was
centrifuged at 4,000 g for ten minutes in cold and
supernatant was separated for enzyme assays to
serve as source of enzyme,

Estimarion of cellular constituents. Cellular con-
stituents were estimated by the methods given by
following workers:

I, Total carbohydrate estimation {(Montgo-
mery, 1957}

2. Glycogen isolation (Good er af., 1933)

3. Glycogen estimation (Montgomery, 1957)

4. Glucose estimation (Bergmeyer and Benut,
1963)

5. Protein estimation (Lowry er al., 1951)

6. Phosphorus estimation (Bartlett, 1959)

7. Nucleic acids isolation and estimation
{Schneider, 1945)

8. Lipids extraction {Folch er al., 1957)

9. Cholesterol estimation (Wybenga et al,
1970)

10. Triglyceride estimation (Gottfried and
Rosenberg, 1973)

i1. Phospholipid estimation (Bartlett, 1959;
Merinetti, 1962).

Estimation of enzymes: Enzymes were estimated
by the methods given by following workers:

1. Glycogen phosphorylase, E.C. No. 2.4.1.1.
{Sutherland and Wosilait, 1956)

2. Hexokinase, E.C. No. 2.7.1.1. (Crane and
Sols, 1953)

3. Aldolase, E.C. No. 4.1,2.13. (Sibley and
Lehninger, 1949}
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4. iLactate dehydrogenase (LDH), E.C. No.
1.1.1.27. {(Wroblewski and LaDue, 1955)

5. Malate dehydrogenase (MDH),

E.C. No. 1.1.1.37. (Ochoa, 1955)

6. Succinic dehydrogenase (SDH), E.C.No.
1.3.99.1. (Stater and Bonner, 1952)

7. Glucose--6-phosphate dehydrogenase (G- 6
PDH), E.C.No. 1.1.1.49. (Demoss,
1955)

B. Proteinase, (Anson, 1938)

9. Acid phosphatase, E.C.No. 3.1.3.2. alkaline
phosphatase, E.C.No. 3.1.3.1. (Besseyet al.,
1946; Andersch and Szczypinski, 1947)

10. Ribonuclease, E.C.No. 2.7.7.16. (Ishiharaes
al., 1967)

1. Deoxyribonuclease, E.C.No. 3.1.4.5. (Ine e/
al., 1966)

12. Glutamate oxaloacetate transaminase, E.C,
No. 2.6.1.1. and glutamate pyruvate tran-
saminase, E.C.No, 2.6.1.2. (Wotton, 1964),

Enzyme activity and specific activity: One unit of
enzyme activity is defined as u moles of product
formed per min. ¢xcepting proteinase where the
unis is defired asu moles of product formed per
30 mins. by the enzyme under the experimental
conditions, Specific activity is expressed in units
of enzyme aclivity per mg protein.

RESULTS

Major biochemical changes in liver, kidney and
spleen of rhesus monkey following acute P.
knowlesi infection have been investigated and
the data on the level of biochemical constituents
and enzymes in normal and infected tissues
expressed as percentage change in Tables | and
2. The carbohydrate metabolism of the monkey
was severely disturbed as a result of malaria
infection, This was evidenced by a highly signifi-
cant depletion of total carbohydrates {-86.87%),
glycogen reserve (-96.76%) and glucose level
{(-89.97%) in the liver. The kidney also showed a
significant deplietion of these three constituents
to the extent of -24.15, -29.56 and -66.69%,

respectively. [n the spleen, the changes in total
carbohydrates (+10.00%} and glycogen (-4.62%)
were not well marked but a highly significant
increase in glucose level (+575.34%:) was
observed. The enzyme glycogen phosphorylase
which regulates the glycogen mobilization, was
significantly elevated in the liver (+24.39%) and
kidney (+50.00%%) and its level was depressed in
spleen {-58.83%).

There was a slight decrease in the total protein
content of liver (-6.74%) and kidney {-4.26%),
contrarily, a highly significant increase of pro-
tcin content in the spleen {(+47.96%) was
observed due to malaria infection.

Nucleic acid (totat DNA and RNA} content
exhibited a uniform decrease in all the three
tissues during malaria infection. The decrease in
total DNA in liver (-40.76%), kidney (-35.66%)
and spleen {-44.58%) was much motre pro-
nounced than that of total RNA which was to the
extent of -3.52% in liver, -27.14% in kidney and
27.70% in the spleen.

Total phosphorous content showed decrease in
case of liver (-16.07%) and kidney (~32.41%)
while there was a steep rise in the phosphorous
content of spleen (+43.0207).

Assay for total lipids showed an increase in both
liver (+31.04%) and kidney (+18.64%), while
spleen showed a decline (-16.61%]) after malaria
infection. Cholesterol level showed a major
increase in spleen (+57.439), Triglyceride levels
were also elevated in liver (+40.01%) and kidney
(+15.749%) but decreased in spleen (-19.16%).
Phospholipids also showed a major increase in
the spleen (+42.33%), whereas changes in liver
(+11.15%) and kidney (-7.33%) were marginal.

All the three enzymes of glycolytic cycle namely -
hexokinase, aldolase and lactic dehydrogenase
showed a marked decrease in all the tissues. The
decrease in hexokinase was -68.35, -49.39 and
-30.55%, aldolase -59.49, -32.99 and -28.87%
and that of LDH was 2777, -32.99 and
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- 36.41% in malaria affected liver, kidney and
spleen, respeciively,

The TCA cycle enzymes, namely MDH and
SDH also showed a general decline during
malaria  infection, the level of MDH being
4574, -6.24 and -28.51% and that of SDH
42.31, -18.51 and -34.47% in liver, kidney and
spleen, respectively.

Glucose- 6- phosphate dehydrogenase, a key
enzyme of pentose phosphate pathway, showed
an increase of +118.7 and +5.59% in liver and
kidney respectively, and a decline of -60.08%, in
the spleen.

As regards the alterations in specific activities of
hydrolases, the data obtained indicated a notice-
able increase in the acid and alkaline proteinases
and phosphatases in liver and kidney due to P.
knowlesi infection. I{ was interesting to note that
the increase in alkaline phosphatase of the
infected liver was exceptionally high. On thecon-
irary, there was a marked decrease in both pro-
teinase and phosphatase activities in the infected
spleen. The activity of both acid and alkaline
RNases was clevated in the infected Liver and
kidney, but the increase in alkaline RNase in
kidney was highly significant. In case, of spleen,
the level of both the R Nases was decreased, The
increased levels of DNase (acid and alkaline) was
recorded in all the tissues, alkaline DDNase
showed highly significant increase in both liver
and spleen.

The changes in the level of GOT and GPT in the
infected tissues were marginal. Both the enzymes
showed a slight decrease in all the tissues, except-
ing spleen which showed a marginal rise in GPT
level.

DISCUSSION

Present findings esiablish that during malaria
infection, significant biochemical disorders
occur in the metabolism of carbohydrate, lipids,
nucleic acids and phosphorous in the three

tissues namely — {iver, kidney and spleen. Liver,
which is an important site for storage of reserve
carbohydrate, is severcly depleted of its glycogen
content due to acute P. knowlesi infection in
rhesus monkeys. There was also a fall in the
glycogen level of the kidney. Depletion of liver
carbohydrate reserves of the host during malaria
infection in rodents had been reported byseveral
investigators {Mecrcado and von Brand, 1954,
Chatterji and Sen Gupta, 1957; Devakul and
Maegraith, 1958; Saxena er al., 1981).

Decrease in the level of glucose in liver and
kidney during P. knowlesi infection in M.
mularta suggested a fast mobilization of the car-
bohydrate moiety resulting in hypoglycemic
condition in later stages of infection. Although
the carbohydrate and glycogen levels of spleen
were the same, the glucose level was significantly
increased due to the inability of the tissue to
metabaolise glucose.

The present findings clearly demonstrate that
the depletion of liver and kidney glycogen is
primarily due to the excessive breakdown of
glycogen by the polysaccharide degrading
enzyme, glycogen phosphorylase. Saxena er al.
{1981) also demonstrated an increase in the level
of glycogen phosphorylase of P, berghei infected
liver of Mastomys natalensis. The spleen is not
an important site for the storage of glycogen,
however, the decrease in its glycogen phosphory-
lase activity and increase in glucose content is
difficult to explain at present. The increased glu-
cose level in the spleen may be due to the accumu-
lation of parasitized cells and other cell debns.

The marker enzymes of glycolysis and TCA
cycle were markedly decreased due to P. know-
lesi infection in monkey tissues suggesting that
hoth glycolysis and TCA cycle of rhesus monkey
liver, kidney and spleen were partially affected
due to acute malaria infection. Basu er al. (1962)
reported that malate, glutamate and isocitrate
dehydrogenase levels of rat liver during P.
berghei infection were not altered significantly.
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On the contrary, a depression in the respiratory
enzymes of the liver of mice infected with P
berghei was noted by Aviado et al. (1969). There
are reports about the involvement of liver mito-
chondria during malarial infection in rats {Mae-
graith, 1954; Basu-Mallik et af., 1962) and mice
(Riley and Deegan, 1960 ; Riley and Maegraith,
1962) indirectly suggesting the involvement of
the biocatalyst. Maegraith er al. {1962}, however,
observed lowering of SDH with no change in
cvtochreme oxidase activity in liver of monkey
tnfected with P. knowlesi.

It was observed that the remaining alternative
pathway of direct oxidation of glucose i.e., pen-
tose phosphate pathway, had also been affected
due to P. knowlesi infection. The observation of
increased G-6-PDH activity is an index of
enhanced pentose phosphate pathway activity in
the liver and kidney suggesting that under mala-
ria infection, the liver becomes more dependent
opn direct oxidation of ghicose. In malaria
infected RBCs, increased pentose phosphate
pathway activity had been reported by Fletcher
and Maegraith (1962), Herman et al. (1966) and
Srivastava et al. (1982), The pentose phosphate
pathway of the spleen alongwith its glycolysis
and TCA cycle enzymes was inhibited due to
malaria infection.

The present study also demonstrated that P.
knowlesi infection in monkeys had significantly
altered the levels of protein, phosphorous and
micleic acids of the host. These constituents were
considerably decreased in infected liver and kid-
ney. The spleen was an exception in displaying a
net increase in total protein content due to acute
infection, which may be attributed either to the
synthesis of fresh protein or to the accumulation
of foreign bodies (i.e., macrophages and paras-
ites etc.). Sharma et al. (1979) also reported an
increase in the protein content of spleen, and
decrease in liver protein due to P. berghei infec-
tion in mice and Mastomys natalensis,

The stress of malaria infection leading to the
alterations in macromolecules directly indicated

the involvement of respective hydrolases in the
metabolism of these macromolecuies. Our data
further supports the involvement of alkaline hy-
drolases in metabolism of macromolecules in
preference to acid hydrolases during malaria,
Buangener (1965) had also reported a decrease in
the nucleic acids and nucleases of liver, kidney
and spleen due to P. berghei infection in rat.
However, Rama Rao (1978) reported an increase
in nucleic acid during malaria infection in
chicks.

Chatterji and Sen Gupta (1957) studied the
behaviour of alkaline phosphatase in rat liver
infected with P. berghei and found no apprecia-
ble changes in host due to infection.

With the rise in parasitaemia various tissues ot

the host are damaged to varying degrees. In the
present study lipid content of infected spleen was
found to be depleted which may be due to the
mcreased susceptibility of these tissues to oxida-
tive damage under the stress of malaria infec-
tions (Chauhan ez 4/, 1981). Von Brand and Mer-
cado (1958) and Rao ez al. (1969) also reported
an increase in lipid content of P. berghei infected
rat liver and attributed this to the accumulation
of triglycerides in the fiver. On the contrary, liver
lipids were found to be decreased due to P.

berghei infection by many workers (Sharma et
al., 1979; Saxena et al., 1981). Onr findings are in

agreement with the findings of von Brand and

Mercado (1958) and Rao er al. (1969) who also

reported an increase in liver and kidney

lipids.
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An Evaluation of Plasmodium cynomolgi bastianellii and
Plasmodium knowlesi Antigens in the Seroepidemiology of
Human Malaria using Indirect Haemagglutination Test

AMAR NATHY, INDRESH KUMAR SRIVASTAVAY, RAGINI SINHA!, 5.85. AGARWALZand
G.P, DUTTA!

Companson of Plasmodium cynomolgi bastignellii and Plasmodium knowlesi antigens in the indirect
haemagglutination (THA) test for mataria antibody revealed that at a cut off titreof [ in 32, P. eynomolgi B
antigen detects glightly more malaria cases than P, krowlesi antigen though the differences between the
antigens were not significant. Using ghraraldehyde fixed tanned sheep erythrocytes sensitized with P.
cynomolgi antigen, an THA positivity of 84.82% (GMRT 237.6000), 12.90% (GMRT 4.138) and 1.53%
{GMRT 3.445) was recorded in differem groups i.e., slide positive malacia patients, patients of pyrexia of
varied origim and normal healthy subjects respectively, whereas with P. kmowlesi antigen the scropositivity
was 77.67% (GMRT 154.100), 8.06% (GMRT 2.892) and 1.53% (GMRT 3.614) respectively, for these
groups. With P. cynomolgi antigen, the GMRT of sera from patients with P. falciparuninfection was 233.2
and with P. vivax infection 244 4, while with P. knowlesf antigen the GMRT of these sera were 174.6 and
127.9 respectively. Use of simian malaria parasite, particularly P. cymomolgi antigen should be given a
further trial for seroepidemiclogical studies in P. vivax areas since this antigen has given higher GMRT.

INTRODUCTION

Serological tests for malaria antibody can
provide valuable data for measuring the level of
malaria endemicity in a piven population, in
delineating and characterizing new foci of
malaria transmission and also in studying

the malaria transmission patterns (Kagan

et al., 1969; Bruce-Chwatt, 1970). Indirect
haemagglutination (THA) test has been
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extensively used in the serodiagnosis and
seroepidemiology of human malaria (Farshy and
Kagan, 1972; Kagan, 1972, 1981; Meuwissen et
al., 1972). Inspite of the fact that the use of
homologous antigens ( P. falciparum or P.vivax)
are known to increase both sensitivity and
specificity of the THA test (Meuwissen et al.,
1973; Mathews et al,, 1975; Molineaux and
Gramiccia, 1980), limited number of in-
vestigators have used in vitro cultured P.
falciparum antigen in {HA test for the
seroepidemiological studies on malaria in India
(Gupta er aol, 1981, Ray er al, 1981, 1983).
Previously several workers have successfully
employed simian malaria antigen (P. knowlesi)
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which can be produced in bulk for serological
studies on human malaria (Kagan ef al., 1569;
Agarwal er al., 1981, 1982). The present study
was designed with a view to evaluate P.
cynomolgi bastianellii (P. cynomolgi B) antigen
in the seroepidemiology of human malaria.

MATERIAL AND METHODS

Antigen: Soluble P, cynomolgi B antigen used
for sensitization of sheep erythrocytes was
prepared from experimentally infected rhesus
monkey according to the procedure described by
Agarwsl et al. {1981), except that monkey was
bled when a schizont parasitacmia of 8-109% was
attained. The schizont infected erythrocytes were
separated using Ficoll-Conray 420 density
gradient and these were then subjected to
saponin lysis for half an hour, washed thrice with
PBS (pH 7.2} and stored at -196°C in liquid
nitrogen. On the day of actual test, an aliquot of
the schizont antigen was disrupted by means of
ultrasonication and the soluble fraction was used
as a source of antigen (WHO, 1974), The same
batch of antigen was used throughout the studies
reported in this paper.

Sera: Serum samples from three groups of
subjects were included in this study. Group-I1
consisted of one hundred and twelve serum
samples from slide positive malaria cases
collected from the field at Mathura, Mirzapur
and Lucknow districts of Uttar Pradesh which
were iested by the THA 1est for the presence of
antimalarial antibodies. Out of these, 67 patients

hatboured P, falciparum infection while 45 cases
were of P. vivax infection {Table ). Control
groups comprised of sera samples from 62
patients of pyrexia of varied origin (Group-11),
and 130 normal healthy subjects {Group-III).
All the controls included in the study were slide
negative for malaria. The sera were stored at
-200C and inactivated at 56°C for 30 mins. prior
10 use,

IHA Test: THA test was performed using
permanent lucite microtitre plates  with
96-U-shaped wells (Cooke No. [-220-6
Dynatech Lab., Singapore). Determination of
optimal sensitizing dose of antigen, the
procedure for sensitization of the glutaraldehyde
fixed and tanned sheep erythrocytes and
interpretation of results were largely carried out
as described in WHO memorandum {(WHQ,
1974) and reported in our earlier study (Agarwal
et al., 1982), A known positive malaria immune
serum from monkey which gave a titre of 1 in
1024 and known negative serum which gave
titre of | in 4 or less was used in each series of the
test. Absorption for heterophile antibodies with
sheep RBC as recommended by WHO (1974),
was carried out with selected sera, bui no
significant difference between absorbed and
unabsorbed sera was found.

RESULTS

Results of the [HA test with P. cynomolgi B
antigen are presented in Table 2. At a cut off
titre of 1:32 suggestive of malaria, 84.82% of the

‘Table 1. Locality~wise distribution of malaria patients whose sera were used for sernlogy

Locality No. of Na. with infection
patients
P. faiciparum P. vivax
Ral {Mathura, 1.P.) 41 ki 3
Mant {Mathura, U.P.} 34 22 {2
Shaktinagar {Mirzapur, U.P.) 26 7 19
Lucknow (U.Pj 1 Nit 11
Fotal 112 67 45




4}

NATH &7 &l.; SEROEPIDEMIOLOGY OF HUMAN MALARIA

[0r0>d siuaned vumRw [e10] SA [EWION
10707 PARRUL wrpdlopof o SA [RWLON,

0P PRDAUL DAL J BA BN

THQrd enazig Sa fewlien
TE UL [ Jo anm JJo ins e sdnoad jusisg)ip usamizg Anamsodosss jo soueapiudig
‘S3TPUALNE SAHBIOWRS Jys J1wd1pid sasalusaed ur saundig tann jezoidios vess JUEWININ = NN

{0'03) {gs'1) 910 =
£1 T I N N itN N N (13 SHrE s10algnSg
AyiwoH [eauoN  CE]
vz} 06T} (9m) Ty =1)
0 8 | 1EN IIN N NN 1w N 9ElY uiftio pairea
jJo wrxarkg )
{t6L6} s} teda) {rre) (55°5%) (99°9F) (38'82) (Leeid {38'8) (St = 1)
v ir Le 67 % 12 £l 8 v PR papajuL
¥oala g (M}
{7666} {6508} {vioL) (zo's9) (0L'65) (£L€8) (0885} {v9n {L6s) (L9 = u)
9 ¥ iy ¥ o 9% 9 il ¥ 4374 pataajur
wmndisief o (1)
T+'96) (Zg'+8) s (L159) (£088) {6805} {za ) 9691) (S @I =w
801 $6 3 €L 59 f13 6% 6F 8 s sinsned sumper |
91< e 9% 8IS 957€ 715% p01E 8Pz 960r
03 v 1 (eoosdizal Fuimoys siuaned Jo o LD dnosny

wadyue g powonds g Busa sdnoid wanagp Juouie sauy vHI jxaoudpay T 21qEL



102 INDIAN 1. MALAR. YOI.. 21 DECEMBER 1984

malaria patients (Group-1) yielded positive FHA
response, while only 12.90% of the cases of
pyrexia (Group-11) and 1.53% normal healthy
subjects (Group-III} gave a positive test.
Seropositivity was 80.59% among cases of P.
Jalciparum infection and 91.11% in cases of P,
vivax infection, The peometrical mean reciprocal
titres (GMRT) for Group-I, Group-1l and
Group-111 were found to be 237.6, 4.136 and
3.445, respectively. The GMRT was 233.2 and
244.4 among cases of P. falcipgrum and P. vivax
infection respectively.

Table 3 summarizes the results of the THA test
with P. knowlesi antigen. At a diagnostic titre of
1:32, 77.67%, positivity was obtained in Group-J,

8.06% in Group-II and [.53% in Group-IIL.~

Using this antigen a positivity of 76.10% was
obtained in P. falciparum infected cases while in
P. vivax cases the positivity was 80.00%, The
geometrical mean reciprocal titres of Groups I to
111 were 154.1, 2.892 and 3.614 respectively. The
GMRT was {74.6 for P. falciparum infection
and 127.9 for P. vivax infection.

DISCUSSION

A limited number of investigators have used P,
SJalciparum antigen in India for serological
studies on malaria. Ray er @/. (1981, 1983 a, b)
have used P. falciparum antigen for ELISA,IFA
and THA tests and Gupta er al. (1979) employed
P. falciparum antigen for THA test. The ELISA
technique with P. falciparum antigen was also
applied by Mahajan er al. (1981) and Dutta et al.
{1982} in the seroepidemiclogy of human
malaria. Earlier studies carried out by
Ambroise-Thomas et al. (1976), Collins and
Skinncr (1972), Coudert er gl. (1965) and Kuvin
et al. (1967) revealed that P. cynomolgi Bantigen
could be successfully employed in the IFA test
for the serodiagnosis of human malaria. This is
the first report on the successful use of P
cynomolgi B antigen in IHA test for
seroepidemiology and our results have shown an
overall seropositivity of 84.82% among malaria
patients {80.59% in cases of P. falciparum
.infection and 91.11% in cases of P. wvivax
infection), These observations are in close

Table 3. Reclprocal YHA fitres among different groups using P. knowlesi antigen

Group GMRT No. of cases showing reciprocal
IHA titre of 1:32 (% casts)
I. Malaria patients 154.1 RT {7767
{n=1i2)
(i} P. falciparum infected 174.6 51 (76.10%)
(n=67
(i) P. vivax infected 1279 36 (RO.O0%)
{n = 45}
Il. Pyrexia of varied origin 2892 5 (8.06%)
(n=62)
11, Normal Healthy Subjeets 1614 2 (1.53%)
(n= 13

GMRT = Geometrical mean reciprocal fitre.

* P, knowlesi data summatized from Agarwal ef af. (1982) and given for comparison.
Significance of seropositivity between different groups at cut off titre (132,

Normal vs Pyrexia p@.01.

Normal vs P. vivax infected p<D.01,
Normal vs P. falciparum infected p<0.01.
Normal vs Total malaria patients p<D.0f.
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Tzble 4. Correlation of antigenic r&nivﬂy of P. cynomoigi and P. knowlesi antigen in the JHA test for human malsria

Number of patients
inlection No.
Pc+ Pct Pc- Pe-
Pk+ Pk- Px+ Px-
P. falciparum 67 48 6 3 10
P. vivax 45 36 5 Nil 4
Pcz P. cynomoigl, Pk= P. knowlest.
For P. kaowlesi data refer 10 Aparwal er al, (1982),
Significance between the sensitivity of antigens,
P. knowfesi v P, cymomolgi ; Not significant
apreement with those of Agarwale? al.(1983)and ACKNOWLEDGEMENTS

Voller and Bruce-Chwatt (1968) who reported
90.72 and 92% positivity respectively, in the JFA
test using P, cynomolgf antigen.

P. cynomolgi B was found to be an ideal antigen
for the detection of P. vivax infection as
compared to P. knowlesi antigen, as sera of
9]1.1i% slide positive P, vivax malaria cases
vielded positive THA response with a very high
GMRT of 244.4,in contrast 1o a positivity rate of
%047 with a lower GMRT of 127.9 obtained with
P knowlesi antigen. These ohservations are in
accordance with those of Desowitz ef al. (1966),
Stein and Desowitz (1964)and WHO (1974) who
also recommended the use of P. cynomolgf
ardigen in detection of P. vivax infection.

£ eynumolgi antigen detected 6 more cases of P,
Jalciparum infection which were missed by P.
knowlesi antigen while P knowlasidetected only
3 cases in addition thai were missed by P.
cynomolgi antigen, Not only this, P. cynomolgi
detected 5 more cases of P. vivax infection than
those detected by P. knowlesi antigen (Table 4).
Our results with THA test strengthen the
observation made earlier by Kuvin and Voller
(1963), Mamtani et al. (1979) and Voller and
Schindier (1967) who recommended the specific
use ol P. cynomolgi antigen for the detection of
malariat antibodies.
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A Compartson of Lignin Test and Filter Paper Spot Test oy
the Screening of the Long acting Suifonamides in Urine

R.G. ROY and S, BALAKRISHNAN

Refore undertak mg the in e d - anunmipiinoline or sulfa; pyrivacthanime senssivity tests i £ falciae uni,
urine examinalion is essentinl to exchude the adminisiration of such drugs in the recent past. A camparison
was madre ol twe screening tests—F ignin iestand paper spoi test—for detection ol long acting sulfonamides in
yiine, Specimens of unine from 21 subjects receiving suifadarine and pyrimetbamine and |7 receiving
sulialene and pyrimethamine in a single dose of 1000 mg (sulfadoxine/solfalene} were screened for the
presence of the drug for 10 consecutive days. Paper spot test could deteet the sifa drug upto 10 days and
pave positive reaciion when the cancentration was Sug or miore per ml. The Fignin test, on the other hand,
gave positive restts only upto 4 days and could detect ihe drug only at concentrations of 20pgand abave per
mt. Paper spot test would therefore be better suited for field use Tor the in vive urine 1ests For this antimaiarial

drag.

INFRODEUCFHON

The problem of drug resistance to 4-amino-
guinolines in P. falciparum is causing a great
global concern. In vivo as well as in viiro tests
recommended by WHO are now widely used in
different parts of the world for mueaitoring the
susceptibility status of P. faleiparum (WHO,
1973). Resistance 10 Inng acting sulfonamide in
combination with pyrimethamine, used as an
alternative to the 4-aminoquirolines, bas also
heen reported from some countries recently
tWernsdorfer, 1983),

Belore selecung the patients if IS very necessary
to ensure that they have not received any

Aceepted for publication; 23 Ocluher 1984
:Central Leprosy Teaching & Rescarch Institote
Chengalpatts- 603001, Imbia

4.aminoyuinolines, quisnnes o retracycline
during the previous (4 days, while drug free
intervals of 4 weeks and 6 weeks are required in
case of sulfadoxine pyrimethamine and
mefloguine respectively (WHO, 1982}, For this
purpose, the screcning of the urine 18 carried
out as a routine for the presence of 4.
aminogumolines and sulfa drugs. ft is aiso
casential that the evidence of absoeption, after
the drug ingestion, is obtained by such tests,
Currently, Lignia test is being widely used for
the detection of sulfa dreps in the urine
{(GGradwohl, 1963).

The application of a paper spottest {ov screening
dapsone (DDS) in urine employing a madified
Fhrlich reagent was reporied by Balakrishinan
(1968). Its usefulness and feasibility in field
sitzations bas been clearly demonstrated
{Noordeen and Halaknshnan, 1972, Ashok
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Kumar and Balskrishnan, 1982}, Pluring the
standardisation of the test, it was observed that
the sulfonamides also pave a colour similar to
dapsone, which is understandable, as suifones
and sulfonamides belong to the same family. I
was therefore, thought that a comparison of the
paper spot test and the Lignin test for the
detection of long: acting suffonamides, used as
antimalarials, would be interesting and useful.

The present commumcalion suminarises the
findings of the 2 screening tests on arine
specimens obtained from subjects receiving
cither sulfalene and pyrimethamine (Metakelfin®)
or suifadoxine and pyrimethamine (Rimodar®
Fansidar®).

MATERIAL AN METHODS

Seven healthy volunteers and 31 leprosy patients
formed the subject of the study. Two tabletsin a
singie dose of Rimodar® were administered to 21
subjects and 2 tablets in a single dose of
Metakelfin * were administered 1o 17 subjects. In
the case of leprosy patients, all drugs includ-
tng DDS were withdrawn for 7 days before
administration of these tablets, and for the next
t0 days, DDIS and other drugs were not given.

Random urine specimens were coliecled 24
irs after the administration of the drug and datly
for the following nine days.

Lignin test: The screenimp for sulonamdes by
the Lignin test was performed as described
below:

Reagent : 25% Hydrochlonc acid

One or two drops of unine were put on the blank
strip of newspaper. On this, onc drap of
ftydrochloric acid solution was added. An
mtense orange colour indicated the presence of
sulfonamides. A drop of HCI solution on the

Mank paper produced a siraw yellow colour
{blank colour).

Paper spot itesy: The filier paper spotl test
{Balakrishnan, 1968) was performed, as hrietly
autlined below:

Maodified Ehrlich Reagens of Castro er al
(1963

4 dimethyl amino henzaldehyde 3.2 gm
Oxahic agd 1.0 gm
Nacconal 0.1 pm
Redistilled alcohol (8}l

tThe reagent was filtered 24 hrs alter
preparation to remove excess nacconol
Whatiman 3 mm filter paper stripsof | em width
were dipped in ihe reagent and allowsd 1o
air-dry. One drop of the urine containing
sulfonamides gave a hright yellow colour
mnmediately. (The appeaiance of a greenish
vellow ring, sometime later, at the periphery is
due 10 urea). The strip was subseguently dipped
into 0.1 M citric acid solution to differentiate the
calour due to urea {which disappears) from that
of the suifonamides.

The relative sensitivities ol the two screening
tests for the detection of Metakelfin® as well as
Rimodar®, were compared, employing a range of
concentrations from 5 to 100 ug per mi.

RESULTS

The findings on the sensitivity of the screeming
1ests in respect of the 2 drugs are given in the
‘Table 1 while the results of the two screening
tests for the two drugs inurine upto [0 days after
administration are shown in Table 2.
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Table L. Sensitivity of Lipnin test and Spot test in urine

Metakeliin P Rim(;iar R
Concertation 1a Jg; mi e, ;
Spot test Lignin test Spot test Lignin test
- l{iﬂ * +¥ +
50 * B &
K] t * t
1¢] + + -
5 + + -
'Nme. Relow 5 pp/ml, the texsts were not +ve for either of the drugs.
Tabie 2. Durstion of Posttivity by Lignin and Spat test
'  Touwl Metakellin ® Toal Rimodar ®
Sereenimg rest Moo of +ve upto days No. af +ve upto days
subjects snbjects
B % 8 9 10
Spot test with
Yhrhch reagent 17 13 2 21 17 3 H
(76%) (12%) (12%) (#1%) (4%} (5%
Lignin test 17 4 6 H 4 8
15 2 iy 3

(BRSG) (1297

THSCUSSION

Long acting sulfonamides have established a
place in the chemotherapy of malaria.
particularly in cases of proved resistance to
chlorequine, It appears almost certain that the
urine tests for the presence or absence of the long
acting sulfa drugs will be carried out more widely
as a part of the sensitivity test for linding out the
resistance status to these d4rugs as a primary
ohjective, in addition to s use for the
chloroguine resistance studies.

Conseguently, monitoring these drugs in body
fluids assumes a great significance. Lignin test
has been widely used for the detection of
sulfonamide in urine. The experience with the

(860} ($49p)

spot test employing a modified Ehrlich reagent
in this institution for dapsone, prompted a
comparison of this test with Lignin test. The
refative advantages and disadvantages of these
twa tests are shown in Table 3.

The findings presented in Fables |2 & 3clearly
indicate the superiority of the spot test over the
{.ignin test tn regard to its sensutivity. The
stightly higher percentage of positive spot testsin
the case of suhjects receiving Rimodar® is in
keeping with a much longer half life of this drug
{150-200 hrs ) as compared to Metakelfin® (65
hrs ) (Bruce -Chwati, 1980} in view of these
nhservations, the spot test appears to be better
suited for the screeming of the long acting
antimalarials jike sulfadoxine and suifalene.
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Fahie ) Advamages and Disgdvantages of Lignin i2s and Spot fest
fipmn test
ulvariages Disudvantapges
i Onby chemical seguarned is FCTI0 dddivondo pape ia) Appearance of a midd yellow eolour withom the
twel N1 AEWS TRIDCT, presence of sullonamide (blank colour) ie,, false
positivity s a tikelihood.
by g beid bkt ihY bow sensitively (20 g/ mland above) after a single
wose of 1603 mp hase, The test wends to become
negaetive by the Sth day.
ey Cheap and aperateasiby Yeastble in the Nkl for Handling of a refdtively concemrated acid 13
Involved.
wlt exture ol the paper gives diffuse spots,
Spresd test o wadis Dhlicft s reagent
Advaiayes Disadvaniapes
in)  Fiph sensitivity cel 3 o and abose ) Llise nf a special qualy paper fe., Whatman 3 mm
thick. {This should nou he a ditficuliy).
o Wiy a sngle dose ol THE mg base ol long getine b Reagent has o be prepasesd (Technigue s not
saifa tsulfalene, sullndoxine}, rhe Lest is positive tor difficutl): paceonael. a constitenl af the reagent may
# ddays in about B of cases. wet be avinlable readily in some areas, but the
reagent can be preparced without this substance and
ihe tost carried out,
s ke Silferoniation buiwee) posibiives amd
mepEatives,
Wy Cheap and operanonally feasthle m the leld.
wp o handling of any strong acid s mvelved,
Sy Eise of a special ouality (ilter paper gives discrete
[StOILN
AR NOWE FIMGEMENTYS Y. Bruce-Chwat, L5 (1980), Esvential Malariwlogy.

fst ed. (Wiliiamm Hememan Medica! Books Lid.,
i.ondon), 1R2-183.

4, eCastro, 1., S.M. do Almeida and N3 Noguerra de
Castro (1963, Contral of absorption of antileprosy
drugs in public health campaign. Summary. Proe. 7th
Inr. Cong. Drop. Med. Malar, 1 53
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Effect of Malathion Spraying on Four Anopheline Species
and the Development of Resistance in 4. stephensi in

Mandora, Harvana

SARALA K. SUBRARAQ, V.P. SHARMA® K. VANANTHA! and T. ADAX.

Densities ot A, annularis, A.culicitgoivs, A, stephenyiand A subpicius were monuored m village Mandora,
Haryana. helfore and after malathion spraying. The malathior spraying intervupted Lhe (vangmission of
mzlaria and decimated 1he A. araularis, A. culicifaries and A, subpictus populations. The spraying was
initiatly eifective for 4. stepfrensi but later there was & gradual build vp of the populations, suggesting the
ineffectiveness of the spray in the centrol. Rioassay tests confirmed that the resistance precipitated al a rapd

rate in A, stephensi.

INTHOMCTION

In Mandora and several other villages of
Haryana state, 4. culirifacies 18 the principal
vector of malaria. In these villages, yearly 2103
cyveles of HCH was sprayed at the rate of 200
mg/m? 10 confrol the disease. Epidemiological
sindies during 1980 and 1981 revealed that BCH
spraying had no impact on the density of
anopheltines resulting in uninterrupied trans-
mission of malara. Szveral specimens of A4,
culicifacies were incriminated during an
epidemi; of falciparum malaria in these villages
{Chondhury and Ghosh, 1982; Sharma e/ 4/,
1983) The epidemic was controlled by
malathion spraying at the rate of 2g/m? by the
National Malaria Fradication Programme in
982

Avcepied for prblivation: 29 Noventher 1984,
‘Malaria Research Centre (ICMR)
22 Sham Nath Marg, Delhi- 1154, India,

In Mandora  willage, before  spraying, o
culicifacies populations were being monitored
tor species composition (Subbarao er al., 1980
and !983) and densities of other anopheline
species were also monitored. After spraying
began in this village, monitoring of densities of
four commaonly encountered anophelines viz., 4.
annularis. A. culivifacies, A. stephensi and A.
subpictus continued for a perind of two years to
stinly the impact nf malathion spraving. Further,
susceplibility tests of A, stephensi populations
were carried out and the results of these studies
are reported in this paper,

MATERIAL AND METHODS

The wvillage Mandora is situated in Sonepai
district, Haryana, approximately 38 km
Noh-West of the Malaria Research Cendre.
Far collection of adult mosquitoes, five sites
were selected which included both human
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Jgwellings and cattie sheds. The caliections were
made using a suction tube at an intervalof about
5 days. Adult density data were pocled for the
month and the density per man bour (mhd) wag
cafevlated, Malarhion was sprayed in March,
May and August of 1982, in March and June of
1982 and in April of 1984, Pre-spray data from
October, 198! 1o March, 1982 and post spray
duta from April, 1982 to Dctober, 1983 were
zoflected.

Insecticnle suscepribiliy tests wers carried ol in
the iaboratory maintained at 27° ¢ 12C and
4G-807, RH. Adult female mosquitoes were
collected from the field and transported o the
inboratory for this purpose. When the collectinn
of femaies from the field was nnt adequate, the
females were held in the laboratory o lav egps
and their progeny were tesied. On a few
aucasions, larvae were alsn eolfected from the
ticld and recared ta the laboratory to test the
igrnales. Al mosguitoes were exposed to 564
mulathion impregnated papers for one hour and
mariality renorded after 24 hes (WHO, 1975,

RESULTS ANIY IBSCHESTON

Yhe anopheline fauna of the village consists of
sour commaeanlty found anophelines viz., A
unnularis, A. culicifacies. A. stephensi and A,
vehpictus and occasionally 4. nigerrimus and 4.
pulcherimus. 1t may be mentioned here that the
majority of the A. culicifacies populations in this
village were of species A {Subbarao er al.; 1980,
14k 3), and 4. stephensi pepulations were of var.
wipsorensis and intermediate type [Subbarao er
#i., 19843, The resistance status of A, eulicifacies
and A. stephensito DDT and HCH ranged from
ol 109% and 90- 1006, respectively in Mandora
x» well as in other villages around Delhi.

Mouaitoring of mosquita densities from October,
1981 to March, 1982 revealed thas the peak
densities of A, ewlivifacies (19.5 mhd ) and A.
suhpicius (31.0 mhd ¥ oceurred in October, A,
annularis (193 mhd) in December and A4,
siephensi §20.8  mhd) 1n February. During

o2 SECRMEER Y84

winfer manths, A. subpieius aimost disappeared
while density of A. crdicifacies was reduced to
‘ow levels Le, 5 per man hour (Fig. 1),

Malathion was sprayed for the first time n
March, [982.- Spraying greatly reduced .
culicifacies, A, subpicrus and 4. annuldaris
popuiations, Second round of spraying in May
jurther reduced the remaining populations o
almost negligible numbers (Fig. 1). Third round
of spraving in August prevented the huild up of
inasquite populations and A. culicifacies was
totally absent 1l August, 1983 and only 2
specimens, one cach m Jate August and
seplember were collected which were identified
45 species AL A few specimens, of 4. ennularis
were found in April, 1983,

The first round of malathron spraying drasticatly
reduced A, stephensi populations, but the
remaining mosquitees multipiied to  high
numbers. The second round of spraying in May
had no effect an A, stephensi densities, rather,
there was considerable increase in man hour
density (o as bighas 25 in June. There were heavy
rans in July and 4. srephensi densities dropped
wy 5.2. Spraying in August reduced A. stephiensi
1 tow numbers and populations stayed at that
level during the winter months. Spraying in
Marsch, 1983 had no effect on A. stephensi
populations and in June, the densities reached
23.2 comparable to the man hour densities in
fune, 1982, In Juiy, a low density of 8 was
reeorded which may have heen either due 10
spraving {June, 30y or due to rains or the
combined effect of both.

It is niable that five rounds of malathion
spraying could not reduce A. stephensi
ropulations to low {evels as observed {or other
anophaiines, 4. cdicifacies, A. subpictus and 4.
annularis, Turing the optimum weather
conditians such as the one that existed in June,
1982 and (983, A. stephensi populations
muitipited even under the pressure of malathion
sprav. There was, therefore, direct evidence of
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the metfectiveness of malatinon spraying in the
control of A, stephensi.

Hioassay wsts were carned ouf exposing 4.
aephenst adulls oy 5% malathion- impregnaed
aapers 4t various Lme ntervals (Table 1)
Festits revealed that § weeks aiter the first round
o malathion spraying there was 62% mortalily
i the field - collecied A. stephensi. The mostality
ranged herween & 389 aiter the fourth round of
~praying and in April, 1984i.e., 2B6daysafterthe
tfth round of spray and just before the sixth
round ol spray, it was about 76%. After the sixth
roand of spraying tApeil 19, 1984) the mortality
ranged between 46629 in the suscepiibility
wests. The laboraiory tests and field populations
cledrly suggest that there was 2 rapid buiid up of
physiotogical resistance in A. stephensi, while
ihe other anophelines viz.,, 4. annularis, A.
~uficifacies and A. subpicrus remained Tully
susceptible to malathinn.

ity oo ponted oul Uit the Tirst instaoee of
matathion resistance sn A, culivifacies was
igported from  Gujarat an 1973 (Rajagopal,
{977y The authors are not aware of any report
o0 inalathion reststance in A, srephensi in India
angd this may probably be the firss such instance.

in Bandar Abbas, Iran, malathion was sprayed
fromn 1964 onwards at the rate of 2g/m? and 2.-3
eycles/ year. Even after continuous spraying, A,
stephensi var, mysorensis remained susceptible
for 10 years and only in 1975 i.e., after 26 rounds
ol spray, resistance was noted in this species
{Manouchehri er af., 1974, 1975). In Pakistan,
this species developed resistance within three
years of malathion spraying { Rathor and Togir,
1980). The rapid evolution of resisiance to
maiathion in Pakistan and in Mandora, while its
Jelayed appesrance in Bandar Abbas, lran,
suggests the possibility of different backgrounds
of the two populations. Resistant gens is
genevally assumed to be at a mutation frequency
of %103, However, occasionally R genes may
he tound 1 poiymaorphic form as was the case for
dieldrin resistance in 4. gambiae (Brown and
tal, 1971}. There is a possibility of malathion
resistance  being in  polymorphic form in
Pakistan and Mandora, But the LTz values for
A. stephensi and A. calicifacies with 5%
malathion- impregnated papers were not
significantly different 1n the unsprayed
villages around Delhi. The values were 2410
20.5mins for A stephensiz15to 18 mins for
A. culicifacies and 25 mins fov A. subpiectus.
Similar results were reported from Pakistan
{Rathor and Togqir, 1980}, They further

Fable 1. Malathion snsceptibility duta of (1. stephensi trom Mandora, Haryana

Pate of spray
after the last spray

st Spray 243 ED
Ind npray-- 25.5K2
it Spray.- 25 H.%2
A Spray - 26333

A7y

HEE days
t'7 days
13 days
o4 dityy
3d diays
oy
6 days
% davs
Urodavs

i Spray  ndd

A Spray o 19484

Parentheses indicaivc no, of iephoites.

Time of mosyuito enllcerion

No 1reated

e mortality

Remarks

MNUERY 620 Adult fickd collection
RRETh 9.1 Adull field colfecrion
ton d) 8.0 Larval collecting

94 i4) 0 Adult ficld enllecton
29 ¢ 7.5 do

750 n3 141 adaits

HERE Y M40 Fr addulis

#01) 6.7 Fiaduls

win 46.0 Fi adults

1% 15} a2.0 Froadults
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reported that immediately after t&wo rounds of

spray the LT values for A. stephensi increased

10-fold while it remained the same for A.
cuficifacies, This sugpests that rapid build up of
resistance in A. stephensi may not be due to the
existence of R gene in polymorphic form but
may be due to some other genetic factors.
Malathion resistance in A. stephensi is
monofactorial and codominant (Rathor and
Toqir 1981; Hemingway, 1983) and this may
have been one of the factors contributing to the
rapid build up of resistance in the field
populations. However, the reasons for delayed
appearance of resistance in A. stephensiin Tran
are not known and need to be examined.

During the 1981 epidemic, several specimens of
A. culicifacies were found with sporozoites (83
out of 9124 dissected) but of 577 A. stephensi
dissected none was incriminated (MRC Annual
Report, 1981). Spraying of malathion in 1982
and 1983 decimated A. culicifacies popula-
tions and completely interrupted malaria
transmission, though high densities of A,
stephensi were present.

A. stephensi is a known vector of malaria in
urban areas. There are 132 towns in India under
the urban malaria control scheme where A4,
stephensi is the vector. A. stephensi var.
mysorensis, a rural inhabitant, and described as
a geographical race by Sweet and Rao (1937),
has beent found to be a vector in Deccan Platean
and iran {Rao, 1984). Though there was no 4.
stephensi found positive for sporozoites in
Mandora, it has been incriminated from several
areas in and around Delthi (MRC Annual
Report, 1983). In the areas where it has been
incriminated, populations were found to be var.
mysorensis and intermediate type.
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Laboratory Experiments on the Effectiveness of Expanded
Polystyrene (EPS) Beads in Mosquito Control

V.P. SHARMA!

Lahoratory tests were done on Lhe usefulness of expanded polystyrene (EPS) beads in mosquito contral. Tt
was revealed that the application of 'S beads @ Igm; 240 cm?to form 3 to 4 layers on water produced high
larval and pupal mortality and pravented mosquitoes fromlaying eggs. Theorder ol effectiveness was Cralex
quinguefasciatus'> Anopheles culicifaciess> Anopheles stephensi> Aedes aegypii. The method may be a
viable alernalive to the curremt methods used in the control of mosquito breeding, atleast in certain

situations.

INTRODUCTION

Mosguite control has become problem-
atical because of the development of insecticide
resistance, high cost of insecticides and their
application, and the possibility of environmental
contamination. In urban areas where vector
control measures are directed mainly at the
control of immature stages, anti-larval measures
are not {ully effective, because of the operational
problems in the location of mosquito breeding
sites and the application of larvicides on weekly
_basis. Reiter (1978} suggested the idea of
applying expanded polystyrene (EPS) beads to
form a floating blanket on water as a means to
control mosquite breeding and to prevent
oviposition, and he reported laboratory tests
with Culex gquinquefasciatus. Expanded
polystyrene beads are widely available because

Accepied for publicarion: 8 December 1984,
'Malaria Research Centre (ICMR}
22, Sham Nath Marg. Delhi- 110054, India.

of their use in making packaging material and
insulation. These are sold at about Rs. 60,000 per
metric tonne. A few successful trials on the
control of Culex breeding using the EPS beads
have been completed, and a few more are
contemplated mainly in the soakage pits in
Tanzania and Kenya (C.F. Curtis, personal
communication). The method is simple,
inexpensive, safe and does not incur the problem
of insecticide resistance. Recause of these
advantages, further laboratory tests were carried
out on the effectiveness of EPS beads in vector
control operations. Results of this study are
reported in this paper.

MATERIAL AND METHODS

Laboratory colonized strains of Anopheles
stephensi, Anopheles culicifacies, Culex
quinguefasciatus and Aedes aegypti were used in
these studies. Mosquito rearing was carried out
following the routine procedure of the
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maintenance of colonies as evolved at the
Malaria Rescarch Centre. Mosquito larvae,
pupac and adults were collected from the
insectary and used in these experiments. All tests
were carried out at 27+1°C and 70-809% RH,
Expanded polystyrene beads, sold by BASF
under the trade name of Styropor, were obtained
from london.- Experiments on the contro] of
mosquito breeding were carried out in 500 ml
beakers covered with netting. EPS beads in the
size range of 2-4 mm diameter were applied on
the water surface @ lgm/ beaker or 240 cm?so as
to form 3 to 4 layers. '

To test the effectivencss of EPS beads in the
control of mosquito breeding, 100 mosquito

larvae of each instar and 100 pupae were placed

separately in beakers in 250 ml water and
adequate quantity of larval food added. The
water surface in the beakers, with larval instars
and pupae, was covered with EPS beads.
Concurrently, controls were held without EPS
beads. Each experiment with larvae and pupae

" was replicated 5 times. A record of the mortality

~ of larvae and pupae and of adult emergence was
maintained on daily basis and mean values
obtained. Oviposition preference of the females,
blood fed 2 days before, was studied by placing
ovitraps (with or without EPS beads) in the
laboratory cages which were being used for the
routine collection of egps, in the insecraries.
Estimates of the total number of females in a
cage and the number of eggs laid in the ovitraps
were made. In another experiment, the capacity
of females (blood (ed 2 days before) to lay eggs
on water surfaces covered with the beads was
evaluated. Twenty five females (replicated 5
times) were held in 30% 3030 cm size cages. Each
cage was provided with an ovitrap containing
beads. An equal number of controls were held
without the beads. Eggs were collected daily for 8
days and counted.

HRESULTS AND DISCEHSSION

Results of the larval and pupal survival arc given
in Table 1. There was 100% mortality in

Anopheles stephensi, Anopheles culicifacies,
Culex quinguefasciatus and 989, in Aedes
aegypti larvae. The st and 2nd instars died as
they moulted to the next instar. There was no
mortality in the controls held without the beads.
Tests at the pupal stage revealed very high
mortality in pupae of An. stephensi (98%), An.
culicifacies (96.6%) and Cx. quinquefasciatus
(97%) but relatively low mortality in Ae. gegyp i
(55.2%) pupae. The pupae that survived emerged
as normal ad ult mosquitoes. The mortalityin the
controls was negligible and varied from 0 to
1.4%,

Results providing a choice for oviposition in
untreated ovitraps with a layer of beads are given
in Table 2. It was shown that An. stephensi, An.
culicifacies and Cx. quinquefasciarus did not
oviposit at all on the EPS beads, but some Ae.
aegypti did so.

Results of oviposition when there was no choice
between EPS bead treated and untreated
ovitraps are given in Table 3. It was found that
while the mosquitoes readily laid eggs on the
untreated water surface in the first 2 days after
presenting the ovitraps, the number of eggs laid
by An. stephensi, An. culicifacies and Ae
aegypti was reduced by 85-95% in the presence
of EPS beads and Cx. quinquefasciarus did not
lay at ail. It may be pointed out that the few eggs
that were laid hythe anophelines and Ae. acgypti
were laid an the wet beads lying on the edges of
the beaker.

The above experiments show that the
application of EPS beads was effective in killing
immatures and preventing oviposition. This
method is environmentally safe and could be
applied in the contro! of mosquito breeding in
potable water, as against the present strategy of
the treatment of potable water with temephos
(Abate), which may be objectionable, and
hazardous if carried out by the unskilled worker.
It may be pointed out that the method may not
be applicable for wells where water is drawn by
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Table §. Mortslity of Immutures of Mosquitoes before Adult Erergence afier the Application of Expanded

Polystyrene Beads
Masquito species Mortality {%) of mosquitoes*
Larval Instars** Pupae
without heads with beads without beads with heads
An. stophensi 0 104} 06 98.0
An. culicifacies 1] 100 1.0 6.6
{'x. quinguefascimmus 1] 100 1.4 9.0
Ade. aegvpr ] 98 0 55.2

*Mean of 5 replicates. One hundred cach 111, 11) & IV instar larvae and pupae were held separately in beakers.
** st and sccond instar larvae survived initially but died afier moulting into next instar. Results of 1,11, 111 & 1V instar

larvace pooled.

Table 2. Results of QOviposition when Mosquitoes were given a Cholce to Oviposit in Ovitraps with or without the
Application of EPS Beads

Mosguito species

Apf)roximatc number of females
held for oviposition

TFotal eggs collected
inside the cages in ovitraps

without beads with beads
An. seephensi 975 15504) 0
An. culivifavies 1550 13250 0
Ox. quinduefasciatis 415 191+* 0
Ae. acgrpr 46} {0400 242
FPpg ralts

Tahle 3. Results of Forced Oviposition when Mosquitoes were held for 8 days to lay Eggs in Ovitraps

Mosguite species
{5*25 females of

Number of ¢ggs collected in ovilraps

Reduction (%)

vach species) without beads* with heads
An. stepdmnsi 5294 421 92
An. culicifacies 3405 178 94 8
C'x. yuingucfasciatus gis= 0 H10.0
Ae. aegypi 13693 W6 R5.3

*All egps laid in the first 2 days of the experiment.
=gy rafts

buckets, but may be suitable for disused wells, in
water tanks where there is an outflow pipe at the
bottom, this would have 10 be screened to avoid
EPS beads going down, if the tank gets emptied.
EPS beads have the additional advantape that
they are not biodegradable and last for a long
time {>2 vyears, C.F. Curtis personal
communication). Since masquitoes prefer not to
lay eggs on the surface of EPS beads, it would be

possible to place ovitraps in a nearby site
pre-treated with a suitable insecticide,
Mosquitoes deterred from laying in a major
source by EPS beads would lay eggs in these
ovitraps instead of searching for new ovi-
positional sites, which may be difficult to
locate by the anti-larval squads. Larvae in these
ovitraps would die on emergence and this would
help in reducing mosquito populations.
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Use of EPS beads in disease vector control may
have its main application in urban areas. Malaria
is a serious problem in most cities of India, and
for its control the Urban Malaria Scheme (UMS)
was launched in 1971-72. At present there are
{25 towns containing a total population of 34
million under the UMS (Pattanayakes af., 1981).
Similarly filariasis is a serious problem in urban
areas. Of the 304 million population Jiving in
fitaria endemic areas, about 82 million people
live in the cities of India. In 1981 there were
about 22 million microfilaria positive cases, and
i6 million people suffered from the disease in
India (Sharma et al., [983). Epidemics of dengue
and its complications occur in urban areas, and
the most recent one was in Delhi in 1982 {Uprety
et al, 1983). Besides, mosquitoes are so
abundant in most towns that their bites and
nuisance make life most unpleasant. The
common mosquito breeding sites are: overhead
tanks, wells, cisterns, roof gutters, barrels, tyre
dumps, buckets, tanks, ponds, drains, ditches,
borrowpits, rainwater pools, discarded tins etc.
Al present various methods are used in mosquito
control in urban areas. These are cleaning,
channelling, filling, larviciding, biological
control using Gambusia and Poecilia fishes etc.
Malathion fogging and pyrethrum space spray
are also carried outincertain areas but in general
tarviciding is the main method used in the
control of mosquito breeding in urban areas.
Mosquito larvicidal oil (MLO), Paris green
(copper aceto—arsenate), temephos (Abate)
and fenthion (Batyx)} are used in the programme
(1IMS), Larvicida) operations are carried out at
weekly intervals throughout the year. These
anti-larval measures are not fully effective, as a
result mosquito densities are high and mosquito

borne diseases are common in urban areas. EPS
beads could be used in most of those mosquito
breeding sites where the water seldom or never
flows or floods. The method would be safe,
inexpensive (cost of beads approx. Rs. §/m?)and
one application alone may last for a long time,
thus obviating the need of weckly supervision
and treatment. Effectiveness of the EPS beadsin
the contral of mosquito breeding in overhead
tanks, cisterns, disused wells etc. is bheing
evaluated in field areas near Delhi. Field trials on
the effectiveness of EPS beads in urban malaria
control are contemplated in Delhi, Madras,
Nadiad and Chandigarh.

ACKNOWLEDGEMENTS

Thanks are due to Dr. C.F. Curtis, London
School of Hygiene and Tropical Medicine, for
pointing out the possible role of expanded
polystyrenc beads in vector control and for
providing information and a sample of the
material, and to Sh. K.B, Masiwal for his
technical assistance.

REFERENCES

I.  Pattanayak,S., R.G. Roy, K.G. Samnotra and M §.
Bendkey (1981). Urban Malaria Scheme of the
National Malaria Eradication Programme of India,
Indign J. Malariol., 18(1): 21.27.

2 Reiter, P, (197B). Expended polystyrene balls: anidea
for mosquito control. Ann. Trop. Med. Parasirol., 92
595-596.

3. Sharma, 5.P., H. Biswas, M. Das and 5.R. Dwivedi
{(983), Present status of the filariasis problem in
india. J. Com. Dis., 15(i): 53-60).

4. Uprety, H.C.,, P.K. Srivastava, B.N, Nagpal and V.P.
Sharma {1983). Mosquito breeding survey in urban
Delhi. Indian J. Malariol,, HKT1): 79-82.



SHORT NOTES






Indian tournal of Malariology
Yol. 2, Pecember 1984, pp. 121-123,

Outbreak of Malaria in Villages of Bareilly, District U.P.

M. A ANSARD, C.P. BATRA and V.P. SHARMA!

Following the reports of deaths due to malaria in
Shahjahanpur district villages, it was decided to
study the prevalence of malaria in Shahjahanpur
affected villages, and in the villages of Bareilly
district adjoining the districts of Badaun, Ram-
pur and Pilibhit. Results of the survey of Bareilly
district villages are reported in this paper.

Investigations in Shahjahanpur revealed an out-
break of falciparum malaria (Chandrahas and
Sharma, 1983). Similar high incidence of mala-
ria was reported from Nainital district (Terai
region) which is an adjoining district (Sharma er
al., 1983, 1984; Choudhury et al., 1983). Before
the survey work started, data on malaria inci-
dence was collected from the District Malaria
Officer { DMO). This data showed that the inci-
dence of malaria was almost negligible in
Bareilly district i.e., the annual parasite inci-
dence (API) was consistently below 2 ranging
{rom 0.44 to 1.21 during the last five years
(1978-83), In order to study the prevailing mala-
ria situation in the neighbouring areas, MRC
team randomly selected 2 villages and anurban
locality {outskirts of Bareilly}), and collected
epidemiological and entomological data from 14
to 22 Octoher, 1983

Malaria Rescarch Centre {1CMR)
22, Sham Nath Marg, Dethi-110054, India.

Results of parasitological surveys are given im
Table 1. A total of 597 bleod smears were col-
lected from fever cases. There were 426 malaria
parasite positive slides i.e., the slide positivity
rate (SPR) was 71.3%. Among the positives 332
P. falciparum, 85 P. vivax and 9 were mixed
infections. The parasite formula was P. falci-
parum 78.4 and P. vivax 21.6. Proportion of faici-
parum malaria was extremely high in all the
villages including the urban locality surveyed.
Further proof of high endemicity of malaria was
obtained by spleen examination of children of
the 2 to 12 years age group. The child enlarged
spleen rate was 60% in the 96 children examined
and the average enlarged spleen was 2.3. During
the survey a few cases of deaths, suspected dueto
malaria were also reported. In the two deaths
investigated, the family members of the deceased
also had falciparum infection, It was, therefore,
likely that the cause of some of the deaths in
affected villages was falciparum malaria.

Larval surveys revealed heavy breeding of ano-
phelines in riverbed pools, pits, ponds, seepage
water and other water patches. These places
were abundant in and around the villages sur-
veyed. Adult collections were carried out in {1
villages. A total of 514 anophelines were col-
lected in 18.30 man hours which comprised of
273 (53.19h) A. culicifacies, 153 (29.89,) A. sub-
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pictus, 80 (15.69%) A. annularis, S (19%) A. fluvia-
tilis, 2 (0.4%) A. nigerrimus and 1 (0.2%} A.
pallidus. Per man hour density of A. culicifacies
was 14.9.Of the 243 A. culicifacies dissected, Lwo
had sporozoites in their salivary glands. 4. culi-
cifacies was, therefore, responsible for post mon-
soon transmission of malaria in the villages
surveyed. It may be noted that A. culicifacies has
been extensively incriminated from several areas
in north India including the bordering District of
Natnital (Choudhury et al., 1983).

Study revealed that the surveillance was totally
inadequate and there was an extremely high inci-
dence of malaria, and that DDT spraying was
ineffective in controlling mosquito populations.
‘To control malaria, surveillance should be tight-
cned and villages should be sprayed with an
effective residual insecticide,
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Mosquitoes of Mizoram

P.R. MALHOTRA, M. BHUYAN' and |. BARUAH!

Mosquite survey carried out during April- May,
1979 in Aizawl district of Mizoram, revealed the
presence of 26 species belonging 1o 6 genera, viz.,
Anopheles, Aedes. Armigeres, Culex, Malura
and Mansonio (Malhotra o al, 1982}, As thiy
survey was restricted only to Aizawldistt., duc1o
sensitivity of the area, it was felt necessary to
undertake survey in certain other places also, so
as to update the information on the mosqguito
fauna of this union territory.

The present survey was carried out at Zemabawk
(Altitude 1074 m), Tuirial (700), Thenzawl
(600}, Hnathial (R24) and Lunglei (1024) during
August-September, 1983, Results of these
studies are briefly summarised in this paper.

Indoor resting mosguitoes were collected rom
human dwellings and cattlesheds. Qutdoor
resting adult mosquitoes were aspirated from
open sheds, bushes and vegelation during day
time, Mosquitces were collected by suction tinbe
method. Man biting collections were made by
using a good number of baits in unit lines.
Battery operated CDC light traps were used
from dusk to dawn {5 p.m. to 5 a.m.} in human
dwellings, cattle sheds, pigpens, goat-cabins and
stables. Larvae were collected from cement
tanks, ponds, ditches, river-beds, roadside
drains, tree crevices, plant axils, cut bamboos,

Aceepted for publication: 29 November 1984
iDefence Research Faboratory

Post Hag No. 2

Terpur- 784001, India.

tyre dumps, earthen pots, used tin containers etc.
The larvae were reared in the laboratory set up
there until adult emerges. All newly emerged
mosquitoes were killed with ether. Common
mosquito species were indentified in the flield,
while other mosquitoes were packed and
brought 1o Defence Research Laboratory,
Tezpur (Assam) for their species confirmation
and preservation. Mosquitoes were identified
with the keys of Christophers (1933), Barraud
{1934), Puri {1955), Wattal and Kaira (1967)and
catalogue of Knight and Stene {1977),

A total of 1215 mosquitoes were collected and
identified into 33 species of § genera, viz.,
Anopheles, Aedes, Armigeres, Cufex and
Mansonia. The genus Anopheles comprised of
15 species (489 specimens), genus Aedes -7
species (97 specimens}, genus Armigeres - |
specie (192 specimens), genus Culex - 9 species
{436 specimens) and genus Mansonia - 1 specie
(! specimen). Species composition of the
mosquitoes collected i1s shown in Tabie |.

In the fifieen anopheline species collected from
Mizoram, the most prevalent species was A.
vagus {67.07%) f{ollowed by A. maculatus
{12.26%) and A. aconitus {1.36%). A. minimus
was not found in this survey. Among Culicines,
the most daminant genus was Culex and the
most prevalent species was C. tritaeniorhynchus
(27.29%) flollowed by €. quinguefasciatus
(26.14¢). €. malayi (22.24%) and C. vishnui
(19.0365). Of the Aedine mosquitoes, Aedes
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Table 1. Results of mmasyuita collections in Mizoram

54 Species collected Total
No. masquiloes
callected
L duopheles geonitas Donftz, 1902 16
2 A anandaris Van der Walp, 18H4 2
3 A, bglabgeensis Baisas, 1936 - fi
3. 4. barbirosiris Van der Walp, 1844 2
5 A, rulicifacies Giles, 1904 1
6. A gipay Giles, 1901 2
T AL jerporiensis James, 1902 [
8. A karwari James, 1903 2
9. A kechi Donity, 1901 7
1. A. macufaiuy Theobald, 190] o
t1. A macufaius var. willmorel James, 1903 13
12. A migerrimus Giles, 1900 4
{1 A philippinensis Budlow, 1962 2
14, A, swhpictus Grassi, 1899 9
t5. A, vagus Donitz. 1902 328
V6. Aedes albolateralis Theobald, 1908 5
17, Ae. albopiciss Skose, TH4 (1895) 24
18. Ae. annandalei Theobald_ 191 It
19.  Ae. ehrysolineatus Theobald, 1907 40
20.  Ae. lineatopenniy Ludlow, 195 1
1. Ae. poecilus Theobald, 1901 . s
22, Ae. pseudotaeniatus Giles, 150] 5
13, Armigeres subalhatus Coquillett, 1898 192
24, Culex biraemiorhynehus Ciles, 1901 10
25, C fuseanus herzig Wicdmann, 1820 !
26. €. gefidus Theabald, 1501 g
7. . malayi Leicester, 1908 97
28. €. mimulus Edwards, 915 2
29 C. quinquefasciotus Say, 1823 114
30. €. sinensis Theobald, 1903 1
3t €. sriraeniorhynchus Giles, 1901 19
12, €. vishnui Theobald, 1901 83
33.  Mansonia uniformis Theobald, 1901 1
Total 1215

chrysolineamns formed 42.23% of the total. Ae.
athopictus was the next dominant species, The
population of Armigeres subalhatus was fairly
pood.

Presence of A, drhali Patton, 1905 and A. jamesi
Theobald, 1901 was reported by Pandiya (per-
sonal communication) during his studies in June,
83. Recently, Das and Barua reported the exis-
tence of A. majidi Mc Combie Young and Majid,
1928 and 4. minimus Theobald, 190! in Tuj-

chang, 4 border 1own in south Mizoram, during
malaria transmission studies in the area in July,
84 (unpublished report). Malhotra er al. (1982)
reparted the presence of A. hyrcanus in thestudy
area, Rao {1984} is of the view that no “true A.
hyreanus” exist in India. Infact,“A. hyvreanus™is
# group consisting of more than ten species, of
which A. argyropus, A. nigerrimus, A, nitiduy,
A. sinersis, A. peditaeniatus and A. crawfordi
are recorded in India. According to his key, the
species reported earlier as A. ivreanus by Malho-
tra et al. (foc. cit) s acwally A, nigerrimus.

Thus mosquito fauna of Mizaram swellsupio45
species of 6 genera, viz., 4napheles (19 species),
Aedes (B species), Armigeres (] specie), Cilex
{14 species), Malaya{] specie) and Mansonia (2
species).
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Evaluation of Micro-sampling of Blood by Filter Paper

Strips for Malaria Seroepidemioclogy

1i. SRINIVASAY and P. BHAT!

In India, sero-epidemiology of malaria is pain-
ing recognition as an important research tool
with the onset of resurgent malaria. This requires
application of serclogical tests on alarge number
of serum samples collected during the surveys.
The method of micro-sampling of blood has
made this possible. Micro-sampling can be done
cither using preheparinmised capiblary tubes
(WHO, 1974, Gupta er «l, 1983) or by using
strips of filter paper (Colling et af , 1971 ; Kapgan,
1972, Draper, 1979; Lobel ¢t af., 1976) By the
former method neat plasma can be obtarned and
there is scope for repetition of a serological test,
The latter method yields diluted blood, hut is
mare widely followed as it is simple to collect and
transport blood samples {Kagan, 1972). In the
present study a comparative evaluation of hoth
these micra-sampling technigues was carried out
using Indirect fluorescent antibody test (117 Aj in
Hasadurga, a town in Chitradurga district of
Karnataka State, southern India. 10 is an areg
endemic {or malaria {Annual Parasitic Index for
1982 = 20/ 1000; Plasmiodivm vivax = 96.805
Jalciparum = 3.2%: Daty obtained from District
Hith & F.W. Officer, Chitradurga District, Kar-
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nataka). A total of 94 persons drawn from diter-
ent age groups and both sexes were selected.
¥From each person blood was collected hy finger
prick method sequentially in a pre-heparinised
capillary tube and on a strip of {ilter paper.

Collection of hload in pre-heparinised capillary
tubes: 1.ocally available conical tipped capillary
tubes having a length of 80 mm and an internal
diameter of 2 mm (specifications as per Dir,
Lobel, CDC, Atlanta, USA - personal communi-
cation) were heparinised by rinsing once with
heparin solution (1000 1U/ml). Blood was col-
lected by finger prick technique in these pre hep-
arinised capillary tubes. The labelled capillary
tubes were transporied to the laboratory situated
in Bangalore where plasma samples were sepa-
rated without further delay into labelled vials
containing 10 i of {9 sodium azide. These sam-
ples were designated as capillary plasma and
stored at -200C, Volume of plasma collected var-
ied hetween 200-300 ul.

Collection of bload on filter paper serips: Blood
cullection and subsequent clution {rom lilter
papers were done as per the protocol of CDRA,
Fucknow (CGLP. Dutta, personal communica-
ton). In brief, strips of Whatman 3 mm chroma-
tography paper having a length of 5 cmand a
breadth of 3 em were used. The blood obtained
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by finger prick was absorbed on this strip so asto
obtain a theroughly soaked spot with adiameter
of 10 mm. It is found that this corresponds to 50
sl of blood of 25 pl of serum considering 50%
haematoerit, The hlood spots were dried at
ambuent temperature, the strips were coded.
sealed in plastic bags and these were transporied
o the laboratory where they were stored at
A,

for elution, each blood spot was cut out of the
lilter paper strip and the disc obtained was
immersed in a (est tuhe containing 200 ui of
PBS-pH 7.2. The test tubes were kept for 60
mins. at room temperature, The Olter paper elu-
ste constitutes 1:8 serum dilution which was
adjusted to 1:10 and wtwo fold dilutions of this
were used [or the test,

Control fifter paper sirip: In order to check on
the efficiency of filter paper method, 50 ul of a
serum having a A titre of 1:1280 was spotted
on i filler paper strip over an area of 10 mm. The
clution was done as described above,

HEA por the detection of mataria antibudies: 1F A
was done as described carber (Gupta er af., 1981)
using i vitro cultured P. falciparim as the anti-
gen. A titre of 21:40 was considered as positive,
In addition 10 94 capitlary plasma and corres-
poading filter paper cluates, the eluate from the

control filter paper strip was also included in the
test.

Results are shown in Table . While 18/94 Capii-
lary plasma were positive. only 8/94 filter paper
cluates were positive. The difference was statisti-
cally signsficant (z=5.05; significant at 19, fevel).
Comparison of the reciprocal antibody titres
revealed that maximal antibody titre with capil-
lury sample was 280 while with filter paper elu-
ates it was oniy 40 (Table 1.). In addition there
were as many as {2 capillary sampiles with a titre
of 80. The eluate from the cantrol filter paper
gave a reciprocal antibody titre of 160 in {FA,

s inthe present study tilter paper method was
less sensitive for assay of malarial antibodies.
Stmilar results have been noted earlier by Kagan,
1972 and Lobel er af.. 1976 who have used filter
cluates for ITHA test, The fact that contro! filter
paper strip gave a decreased IFA titre in this
report further indicates the reduced sensitivity of
the method. 1115 also reported that absorption of
hlood on the filter paper may destroy the
reactivity of 1gM class of antibodies {WHO),
1974). [n summary, it can be said that for serol-
ogy of malaria particularly when it is used 10
evaluate antimalarial measures in areas of disap-
pearing malaria, a sensitive method of
microblood sampling fike the capillary method
15 essental,

Table 1. Comparstive antibody titres of capillary plasms and filter paper eluntes of Hosadurga 1981-83 by IFA using
in vitrp cultured P, falciparum

Reciprocal
antibody

Capillary plasma

]

titres << 20 20 80

{0 320 640) 1280 Toual

<20 56 5
20 8
40 2 4
£0 - -

‘ w _ . . -
320 - : - -
1280

L
1

Filier paper eluates

2 I - | 72

Total &6 10 6 &
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Smt. Indira Gandhi
Architect of Indian Science

(1917-1984)

Science and technology in India has been dealt
the severest blow by the sudden death of Prime
Minister [ndira Gandhi. The phenomenal
growt h of scientific research and development in
independent India is closely identified with the
active support of the first Prime Minister of
independent India, Jawaharlal Nehru and later
by his illustrious daughter Smt. indira Gandhi.
They sincerely believed that the only way to get
India out of the shackles of poverty is by
pursuing a policy of self-reliance in which
science and technology have a vital role to play.
Both of them visualized science as a powerful
instrument of social change and were deeply
committed to this cause.

Smt. Gandhis concern for the heaith and
well-being of the people of India is well known.,
She was deeply concerned with the under-
privileged and her New 20-Point Programme
emphasized universal primary health care
facilities with particular reference Lo the welfare
of children, pregnant women and nursing
mothers. We at the ICMR fondly remember her
visit to the Headquarters on 22nd April, 1983

when she showed great interest and enthusiasm
regarding the recent advances in medical
research and urged the scientists to actively assist
and stecr the national health programmes. She
always felt that research and development
should go hand in hand.

As the ‘architect of modern science’ in India,
Indita Gandhi's commitment and support to
scientific community was legendary. Her
enthusiasm and support was fuily reciprocated
by the scientists of India who have succeeded in
placing India on the scientific map of the world
and even brought it to the stage of being called
the “scientific superpower of the third world"”.
The ICMR scientists rededicate themselves to
strive hard to achieve the objective of the overall
betterment of human life—a goal which was so
close to Smt. Gandhi’s heart.

V. Ramalingaswami
Director-General

Indian Council of Medica) Research
New Delhi






Paul Farr Russell *

(1894-1983)

Dr. Paul Farr Russell, one of the world s leading
malariologist, died in Richmond, Virginia, in
his 89th vear.

The son of a Baptist minister, Paul Russell was
born in Boston. Mass. in 1894 [August 12] and
recetved his medical degree at Cornell University
Medica! School. Encouraged by his devout par-
ents, the young doctor decided that he would
employ his professional knowledge 1o help the
sick peopie in distant parts of the world. After
completing two years of internship at the Bel-
icvue Hospital in New York, Paul joined the
Rockefeller Foundation in 1923 as staff member
of the Inernational Health Division, His first
field assignment was to Singapore and to
Malaya, 1o carry out the Foundation’s rural sani-
tation programme, linked with the attempted
eradication of hookwoarm. He was then trans-
ferred to the Philippines to study and control
malaria, a serious local problem. From then on
Russell committed himself wholeheartedly to

*Reprinted with permission {rom lancet. Phorograph:

Courtesy of the Rockefeller Archive Center, North
Tarrytown, NY.

research and fight against this disease. In (935,
having spent 5 years in the Philippines, where he
carried out a remarkable study of rural malarig,
Russell went to India, to set up at the King’s
Institute in Madras a malaria research station of
the Rockefeller Foundation. An important
method of malaria control by pyrethrum spray-
ing was developed there by Russell and his
Indian coileagues. When World War 1 broke
out Russell joined the U.S. Army Medical Corps
and, after having spent a brief period of duty in
Panama and Puerto Rico, was transferred, in
1942 at General MacArthur's trequest to his
headquarters in  Australia. Colone! Russell
played an important role in planning and super-
vising control operations in the South Pacific
theatre of war, where malaria admission ratesin
the American forces averaged in {942 some 670
per 1.000. Without the principles developed by
Russell the victory in the Pacific would have
been much more difficult and more costly in
human lives. Within a year the situation
improved dramatically and in 1943 Russell was
transferred to North Africa as Chief Malariolo-
gist Allied Forces HQ and a year later became
Chief Malariologist, Allied Control Commission
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of the ltahan-Mediterrancan Area. For this
work Russell was awarded by the President of
the U.S.A. the Legion of Merit. After the war
Russell became one of the leaders of the interna-
tiona} effort for research and control of malaria
and was one of the members of the first Expert
Committee on Malaria set up in 1946 by the
Interim Commission, which prepared the consti-
tution of the World Health Organization. Soon
he was the moving spirit of the World Health
Organizations plans for global eradication of
malaria. It was under Russell’s guidance that the
WHO Expert Committee prepared in 1956 in
Athens, a report that became a bible of malaria
eradication for the next decade, In 1953, Russell
gave a remarkable series of Heath—Clark lectures
at the University of [.ondon; this was later pub-
lished under the title Man's Mastery of Maiaria,
an erudite and evocative histery of malariology.
In 1949 the American Society of Tropical Medi-
cine awarded him the Walter Reed Medal and in
1957 he received from the World Health Assem-
bly the prestigious Darlin Medal and Prize. His
Praciical Malariology Tirst published in 1946,
saw a second edition in 1963 and remains the
most complete guide of malaria control. During
the next 15 years Russell continued writing, trav-
elling, corresponding and participating in the
work of the U.S. A, National Research Council
and the World Health Organization, but the lack
of complete success of the malaria eradication
programme and the recent reverses of malaria
control in many pants of the world were to him a
source of deep personal disappointment.

After his retirement from the Rockefeller Foun-
dation he became visiting professor at the Har-
vard School of Public Health. The American
Society of Tropical Medicine and Hygiene
awarded him in 1979 the Le Prince Medalfor his
services to malaria control. He received the Mary
Kingsiey Medal of the Liverpool School of Trop-
ical Medicine and was Honorary Fellow of the
Reoyal Society of Tropical Medicine and Hygiene

and of many other societies.

A few yeats ago he moved from his old home in
Maine to the warmer climate of Virginia. His
robust health began to deteriorate after a brief
but painful illness which affected his eyesight,
but he was still keeping up his interest in malaria
research, through correspondence with his
friends and former students.

He died peacefuily on Znd November, 1983, at
St. Lukes Hospital in Richmond, Virginia.
Besides his good Jooks and a segnieuriai bearing,
Paul Russell had an unforgettable personality.
His erndition was prodigious and extended to all
aspects of public health and to history of medical
sciences. A man of outstanding scientific
probity, lively intelligence, remarkable capacity
for work and high moral principies, he was kind
ard helpful to all who worked with him, but
covld be firm and yet invariably couneous. His
friendship once given was enduring and
generous. Like Ronaild Ross at the beginning of
this century, Paul Russell felt that science is
worth pursuing only if it will be in the service of
man. In practical terms it meant to him,
developing methods of malaria conirol that
could be of direct value to rural populations of
the Third Worid.

His death closes one of the visionary and heroic
chapters in the history of tropical medicine and
public heaith. His innumerable {riends all over
the world will remember him with respect and
great affection. They share their sorrow with
Mrs. Phyllis Russell and with his sons, Chris-
topher and Theodore, both in the {oreign service
of the U.S.A.

{.eonard J. Bruce -Chwatt

Wellcome Museum of Medica) Science
183 Euston Road

[London NW! 2BP, England



T. Ramachandra Rao

(1907-1984)

In the passing away of Dr. T. Ramachandra Rao
on 8th November, 1984 in Bangalore, the coun-
try has lost an eminent malariologist.

Dr. T. Ramachandra Rac was born in Mysore

on 9th October, 1907. Hisfather Sri R. Thamma-

jee Rao was a member of the Mysore State Civil
Service. Dr. Ramachandra Rao received his
carly education in Mysore and Bangalore, and
graduated in Science from the Central College,
Bangalore. He got his Masters Degreein Zool-
ogy with distinction from the University of Cal-
curta. Thereafter, he served as Lecturer for two
years at the Mysore Medical College. He
obtained his doctorate in Science from the Uni-
versity of Calcutta in 1951,

Dr. Ramachandra Rao joined the Rockefeller
Foundation in 1936 and worked on the cytoge-
netics of grasshoppers. He soon shifted to work
with Dr. Paul Russell, on the bionomics and
control of mosquitoes. Together, they carried
out extensive and intensive studies on Anopheles

culicifacies, a major vector of malaria in india.
They also worked extensively on irrigation mala-
ria, and on the development of spray killing
technigue.

In 1942, Dr. Ramachandra Rao joined the newly
created Malaria Organisation of Bombay State
as an entomologist and rose to become the Dep-
uty Director of Public Health of the Maharash-
tra State in—charge of malaria and filariasis, He
took part in the largest public health programme
undertaken by the Government of India in rural
malaria control, and carried out numerous stud-
ies on the bionomics and contrel of Anopheles
Sfluviatilis, culminating in the demonstration of
the feasibility of rural malariz control with
PDT. His work with Dr. D.K. Vishwanathan
established the norms later largely adopted by
the National Malaria Contro]l Programme and
the National Malaria Eradication Programme.
His studies on this aspect have been hailed
internationally,
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Dr. Rao spent a year in {945 at the London
School of Hygiene and Tropical Medicine,
working with the late Prof. P.A. Buxten, FRS.

For 9 years, from 1961 to 1970, Dr. Rao was the
Director of the Virus Research Centre (now the
National Institute of Virology, Pune), then run
jointly by the Indian Council of Medical
Research and Rockefeller foundation, where he
conducted and guided research on the epidemiol-
ogy of arboviruses and helped in achieving an
international status for the Institute. Later he
worked as Officer on Special Duty at the ICMR
Headquarters for threc years. Dr. Ramachandra
Rao was consultant and advisor to ICMR for
over 35 years in many matters connected with
communicable diseases, World Health Organi-
satton also utilized his services as the Team
_Leader in Afghanistan and Tanzania. He was a
member of the WHO cxpert committees and
study groups on malana, insecticides. vector
biology and control, and virus diseases. He had
well over 120 original research publications to
his eredit including the monograph onThe Ano-
phelines of India. We was a Fellow of the Indian
Natienal Science Academy. National Academy
of Medical Sciences (india), Indian Society for
Malaria and other Communicabie Diseases and

the Royal Society of Tropical Medicine and
Hygiene, London. He was also an honorary
member of the American Society of Tropical
Medicine and Hygiene.

Dr. Ramachandra Rao was president of the
Zoology and Entomology Section of the Indian
Science Congress in 1972, and chairman of sev-
eral international and national scientific meet-
ings. He delivered the Sharada Devi Paul
Memorial Oration at NIV Pune, T.S. Narayana
Rao Oration Award ICMR (1974) and Sisir
Kumar Mitra Lecture INSA {1978). He was also
the team leader for the in-depth evaluation of
NMEP in 1970.

Dr. Ramachandra Rao was intimately asso-
ciated with the research and control of malaria
until his death. He was a person who com-
manded uniform respect from his colleagues and
assistants, and also from the scientific commu-
nity. He is survived by his wife, three daughters
and two sons.

V.P, Sharma

Malaria Research Centre (ICMR)
22-Sham Nath Marg
Delhi--110054, India.
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