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ABSTRACT We assayed malaria antibodies by an enzyme linked immunosorbent assay employing A-18
soluble antigen from FCB-2 strain of P. falciparum in 472 Muria Gond tribals (age range 5 to 65 years) in
Bastar district, Madhya Paradesh, and 100 subjects in Delhi. In Muria Gonds, the seropositivity rate for
malaria’ antibodies increased upto 30 years of age. It plateaued at age group 31-40 years and beyond. At
each age group the seropositivity was significantly greater in Muria Gonds as compared with that in Delhi

subjects (p = 0.0004).
INTRODUCTION

Parasite index and spleen rate have been
the traditional indices for determining ende-
micity of malaria (Voller and Draper, 1982).
The former gives information about point pre-
valence of malaria, but has limitations in popu-
lations which have achieved some degree of
immunity, and have experienced frequent use
of antimalarials for thereapeutic and prophy-
lactic purposes (Voller and Bruce-Chwatt,
1968). The spleenrate, although arapid method
forestimating endemicity is only arough guide,
and is most useful where malaria is stable. In
contrast, serological tests for malarial anti-
bodies (Jefferg et al., 1975; McWilson et al.,
1975a, b and WHO, 1975) provide information
about period prevalence of malaria, and reflect
the total immunologic experience of the indi-
vidual or the collective group for infection
with malarial parasite. The spectrum of hu-
moral antibody response in malaria is deter-
mined by age, immunologic competence, the
degree of exposure to malaria antigens and
the intensity of therapy (McGregor etal., 1965
and McGregor, 1974). ’

Amongst the various serological tests for
malaria for monitoring period prevalence, (Ray
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ctal., 1983; Bhat and Srinivasa, 1983; Mahajan
and Ganguly, 1984; and Kumar et al., 1986)
measurement of antibody levels by enzyme
linked immunosorbent assay (ELISA) is par-
ticularly useful for epidemiological applica-
tion, as it requires single dilution and only
small quantity of the blood sample, which can
be collected on filter paper. We have used
ELISA for detecting antibodies against mala-
rial parasites in subjects from Bastar district,
Central India, an area known (o be endemic
for malaria, as well as in Delhi, which has
low prevalence of malaria.

MATERIAL AND METHODS

Study area

The present study was conducted in Geedum
and Pharasgaon blocks of district Bastar in
Central India. These are known to be endemic
for malaria (Annual parasite index for Geedum
and Phargsgaon blocks was 24.6 and 18.45
respectively, in 1987). A multistage stratified
random sampling procedure was used
throughout the study (first stage-selection of
Bastar district which has a tribal population
of more than 60% ; second stage-selection of
blocks, one from north and one from south
Bastar; third stage was the selection of villages
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on the basis of the distance from the health
centre. We chose 100 house-holds in each
block, and about 500 individuals belonging
to Muria Gond tribe were identified for the
study. The data obtained was compared with
persons randomly selected from Delhi.

Sample Collection

Allthe identified individuals were requested
to give blood. From those who agreed, blood
samples were collected on filter paper (What-
man No.3), dried and stored at 4° C. At the
time of assay serum was eluted from the filter
paper strips by soaking 7 mm discs in 0.3 ml
phosphate buffer, pH 7.4, for 2 hours. Con-
centration of the elute was 1:16 which was
further diluted 1:256 by phosphate buffered
saline,

ELISA Procedure

The ‘malarial antibodies were assayed by
ELISA technique of Spencer (Spencer et al.,
1979) with minor modifications (Tomar, 1986).
The A-18 soluble antigen derived from Plas-
modjum falciparum strain FCB-2 was used to
coat the microtitre plates (Immunol-2 Dyna-
tech, Denmark) to an optimal concentration.
This antigen crossreacts with both P. falci-
parum and P. vivax. ELISA was standardized
for optimal incubation time (90 minutes), con-
jugate dilution (1:4000), sera dilution (1:256)
and clution of sera from dried blood on filter
paper (Tomar, 1986). The antimalarial anti-
bodies in human serum were quantitated at a
single dilution using horse radish peroxidase
(HRPO) labelled with antihuman IgG followed
by the chromogenic enzyme substrate ortho-
phenylene diamine. The readings were taken
in an ELISA reader at 492 nm. Samples giving
optical density more than 0.25 at 1:16 dilution
were considered positive. Positive reference
sera H-350, negative rcference sera as well
as the malarial antigen (A-18) were kindly sup-
plied by Dr. C. Espinal, Columbia, South
America,
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The ELISA technique was validated by
comparing the seropositivity in 100 cases with
indirect immuno-fluorescent (ilF) assay as per
the method of Sulzer et al. (Sulzeret al., 1969),
and indirect heamgglutination assay (IHA)
according to Meuwissen with minor modifi-
cations ( Meuwissen, 1979). IIF, 1HA and
ELISA were positive in 83, 79, and 81 per
cent of cases, respectively; thus, were equally
good in detecting antibodies against malaria
(P=0.77). Comparison of seropositivity was
done by using Student’s t-test with the comput-
er program Epistat, a Statistical package de-

. signed by TL Gustafson, 1705 Gattis Road,

Round Rock, Texas-78664 (1984).

RESULTS

Sensitivity and Specificity of ELISA

Sensitivity of ELISA was tested by assaying
serafrom . 25 patients with acute P. falciparum
malaria and 25 healthy individuals from Jammu
and Kashmir who were never exposed to ma-
laria in the past. Patients’ sera demonstrated
optical density >.25 in dilutions ranging from
1:16 — 1:256 whereas in sera from non-ma-
larial subjects optical density was <.25 even
in <1:16 dilution. Therefore postive titres were
considered to be >.25. Soluble antigent A -18

derived from P. falciparum strain FCB -2 was ]

cross reacting with P, vivax antigen also.

- Stability of the Stored Samples

Blood samples collected on filter paper |
strips, dried and stored at room temperature i
for at least 2 weeks and at 4° C for 1 year a

tested without any loss of antibody titres.

The age distribution of 472 Muria Gonds

and 100 subjects from Delhi is shown in table
1. The seropositivity for malarial antibodies
and geometric mean titre in different age groups
is also displayed.

Among the Muria Gonds, the seropositivity
increased from the age group 5-10 years to
31-40 years. It plateaued around 88-90 % at
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Table 1: The percentage seropositivity, mean optical density (OD), gecmetric mean titre (GMT) for malaria
antibodies among Muria Gonds (MG) and Delhi subjects (D) in different age groups

Age (yr) Total Sero Sero % 0D. GMT
No. -ve +ve Sero (Mean + SD)
) 0D < 25 0OD < 25 +ve .

5-10 MG 76 24 52 68.4 0.54 + 0.30 03
D 12 8 4 333 032 £ 0.16 03
11-20 MG 104 25 79 76.0 0.68 t 0.31 04
D 20 17 3 158 0.36 £ 0.18 03
21-30 MG 131 25 106 80.9 0.60 + 0.26 04
D 30 17 13 433 048 £ 0.22 03
3140 MG 83 10 3 88.0 0.62 + 0.24 0.4
D 17 7 1 64.7 0.50 £ 0.16 0.4
41-50 MG 47 5 42 89.4 0.70 + 0.28 04
D 1 8 3 28.6 0.52 0.4
51 MG 3 3 28 90.5 0.78 £ 0.39 04
D 10 7 3 .0 0.26 £ 0.11 0.2

Total MG 472 92 380 80.5

D 100 63 37 36.7

the age group 31-40 years and beyond. Statisti-
cal comparisons between age group 5-10 years
(68.4% seropositivity) differed significantly
only from the age group 31- 40 years and
above (P=0.0004). The seropositivity at age
11-20 years did not differ from age group 21-30
years (P=0.45), although it differed significantly
when compared with age groups 31-40 years
and above (P=0.0057). '

In subjects from Delhi age groups of 5-10
and 11-20 years as well as 41-50, 51-60 and
60+ years were combined as the number in
different age groups was small. Statistical ana-
lyses for seropositivity for the age groups 5-20
years, 21-30 years, 31-40 years and beyond
did not show significant differences
(P=0.0796).

The seropositivity among Muria Gonds was
compared with that in subjects from Delhi,
The percentage of seropositivity between
Muria Gonds and Delhi subjects in the various
age groups differed significantly (P=0.0040).
Among subjects from Delhi only 36.7% of
the individuals showed malarial antibody titre
more than 0.25, while in Muria Gonds 80.5%
of the individuals possessed similar antibody
levels.

In Muria Gonds, geometric mean titre of
antibodies against malaria increased with age
(Table 1). However, in Delhi subjects the ge-
ometric mean titre did not show any clear cut
relationship with age. Malarial antibodies titre
(mean optical density) in slide positive cases
(n=70) was 0.66, and in slide negative cases
(n=402) was 0.50. This difference was not stat-
istically significant.

DISCUSSION

The present study showed a significant age
dependent increase of antibodies to malaria
among Muria Gonds in Bastar district
(P=0.00068). This increase with age is similar
to the experience of Bhat and colleagues (Gupta
et al., 1983 and Bhat and Srinivas, 1984) in
Kamnataka, and McGregor et al. in Africa
(McGregor, 1974). It reflects greater exposure
to malarial parasites (i.e. more infections) with
advancing age. The plateau of antibody titres
was reached in adults in the age group 31-40
years and beyond.

In contrast, in Delhi subjects seropositivity
did not show any consistent increase with age,
and the values did not differ significantly at
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differentage groups (P=0.0796). This may part-
ly be because of small numbers studied in the
older age groups in Delhi.

There was a striking difference in the sero-
positivity at different ages in Muria Gonds as
compared with Delhi subjects (P=0.00068).
This reflects the presence of greater infection
with malarial parasites in Bastar district, as
compared with the population in Delhi.

ELISA is comparatively rapid, simple and
inexpensive for large scale seroepidemiological
examinations and also reflects present and past
malarial infection. Optical density >1.0 reflect
present parasitemia or recent past infection
while >.25 O.D reflect low antibody titre
(1:16), which shows that individual was ex-
posed to malarial infection 6-7 months before.

Regarding methodology of ELISA, the criti-
cal component is the antigen used. We em-
ployed A-18 soluble antigen derived from P.
falciparum strain FCB-2, However, other In-

- dian workers have used P. knowlesi (Dutta et
al,, 1982 and Tandon et al., 1982) and P. fal-
ciparum (Mahajan et al., 1981 and Bhat and
Srinivas, 1984), The results of studies done
in different countries all over the world
(Spencer et al., 1979) including India (Ray et
al., 1981; Francis et al., 1982; Walters and
McCulculchan, 1982; Gupta et al., 1984), have
shown that the in vitro continuous culture of
asexual stages of P. falciparum provide an un-
limited and stable supply of plasmodium
antigen for serology of vivax and falciparum
malaria. However, the advent of recombinant
DNA technology has led to the development of
very precise and accurate diagnostic tests for
the detection of different species of malarial para-
site. These probes will be invaluable tools for
epidemiologic investigation of malaria, and for
monitoring the malaria control and eradication
programmes (Walters and McCulchan, 1982).
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