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Assessment of Inmunometric Parameters in
Malaria: Role of Enzyme Immunoassay

Sukla Biswas
National Institute of Malaria Research (ICMR), Delhi, India

Abstract: Human blood samples collected from local malaria clinics, hospitals, and by
cross-sectional surveys in malaria endemic areas were tested by enzyme immunoassay
for circulating malarial antigen, antimalarial antibody, and antigen-specific circulating
immune complexes. The assays were done in serum and finger-prick blood absorbed on
filter paper. The results obtained from the present study suggest their roles as effective
immunometric indicators.
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INTRODUCTION

In endemic areas with moderate malaria transmission, age-specific malaria
incidences are quite prevalent.!"! Infectivity in non-immune individuals is
more frequent and declines after repeated exposures to malaria infection.
High immunity usually masks the infection, creating asymptomatic state.
Immunometry in any type of infectious diseases is generally based on a
number of tests. The aims and procedures of these tests need to be formulated
prior to application. They are used in laboratory based research on the mechan-
isms of malaria immunity, induction of protective immunity, and other immune
phenomena; they are also essential for the study of immune phenomena in
individuals and populations which are naturally exposed to malaria. The
possible role of immunodiagnosis could be achieved by combining several
tests for antibody and antigen. The immunodiagnostic tests could evaluate the
development of the immune response in populations where various drug
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schemes may act as the main and only method of malaria control.'”! The roles of
immunometric parameters in malaria epidemiology have been investigated, for
the first time, in the Garki Project."”’ The scope of that study was limited because
of the paucity of dependable indicators which could represent the wide spectrum
of host status, i.e., from a state of susceptibility through grades of partial or
imperfect immunity, to a state of protective immunity resisting the manifestation
of illness with re-infection or super-infection.!

The advent of enzyme linked immunosorbent assay (ELISA) has become
established as useful and powerful test systems for detection of malaria
antigen, antibody and circulating immune complexes (CIC) with standard
defined reagents. The present study describes the use of ELISA in determining
circulating antigen, antibodies, and CICs in blood samples collected through a
cross-sectional survey in a population belonging to malaria endemic areas.
The parameters used for the present investigation may suggest their respective
roles as immunometric and serodiagnostic indicators.

EXPERIMENTAL
Study Subjects

The 117 patients of different age groups, reported with fever in local malaria
clinics and hospitals during the transmission season, were checked for the
malarial parasite by microscopy. Finger-prick blood samples were collected
in Eppendorf tubes and also absorbed on Whatman No. 3 filter paper, as
described elsewhere.'” A group of 240 individuals was also enrolled for the
study by a cross-sectional survey; they were the residents of the villages
Piyawli and Nanoo, in the Ghaziabad district of Uttar Pradesh in northern
India, where malaria is endemic. Blood samples were collected during the
transmission of 2002 and 2003, from these individuals, on filter paper, by
pricking their fingers. Patients diagnosed with malaria were treated with anti-
malarials as per recommendation. The study was initiated after approval of the
institutional ethics committee. Each adult subject, and parents or guardians of
each child subject gave their informed consent. The sera and filter paper
absorbed smears (after drying at ambient temperature) were stored at —20°C
until use. Both the sera and filter paper absorbed blood samples were used at
1:16 dilution. Two small discs of filter paper smears, containing 10 ul
blood, were dipped in 160 L of isotonic phosphate buffered saline, pH 7.2,
giving a dilution of 1: 16, were kept for elution overnight at 4°C.

Parasite Antigen Preparation

Crude antigen (PfL) was prepared from cultured parasites from established
lines of the Indian Plasmodium falciparum isolates by the published



10:13 16 January 2011

Downl oaded At:

Assessment of Inmunometric Parameters in Malaria 343

method."”! Briefly, the parasite lines were routinely maintained in vitro using
human O+ RBCs and AB+ serum by a candle-jar technique.'® Crude antigen
was prepared from cultures enriched with late trophozoite and schizont stages.
The parasites were freed from their host erythrocytes by saponin lysis, then
sonicated for 90 seconds at 14 pA in a sonicator (MSE Soniprep,
Beckenham, UK); finally the lysed preparation was centrifuged for super-
natant solution containing the crude soluble parasite antigens. The antigen
was purified by removing host contamination after adsorption with rabbit
anti-human erythrocytes.'"!

Raising of Rabbit Anti-PfL. Antiserum

Rabbits were immunized by injecting crude PfL antigen adsorbed on alum in
their footpads, following the published protocol.'”) The primary immunization
of 200-wg proteins was given, followed by two booster injections of 100 pg
each on the 15th and 30th days. Rabbits were bled from a central ear artery
on the 45th, 52nd, and 60th days after the primary immunization, for determi-
nation of the titres of the antisera. Immunoglobulin G (IgG) was fractionated
from the high-titre antisera by ammonium sulphate precipitation.

Immune Sera

Finger prick blood samples were collected from a group of 45-50 clinically
immune adults, who have recovered recently from P. vivax or P. falciparum
infections after antimalarial treatment and were afebrile and aparasitaemic
at the time of blood collection. Sera were tested by ELISA for parasite
specific antibodies. Sera with high titres >1:1,000 by ELISA were pooled
and IgG was fractionated by ammonium sulphate precipitation.

Detection of Antimalarial Antibody

An indirect ELISA was performed, following the published method.'” The
96-well round bottom polystyrene ELISA plates were coated with PfL at a
protein concentration of 20 pg/mL (2 pwg/well) by incubating for 1 hr at
37°C, then overnight at 4°C. Sera and filter paper (FP) eluates both were
tested serially at two-fold dilutions from 1/16 onwards. After addition of
samples onto the first layer, they were allowed to react for 1 hr at 37°C.
Anti-human IgG conjugated with horseradish peroxidase (HRP) trapped the
bound antibody. After addition of enzyme-specific substrate and subsequent
termination of the reaction with 8 N sulfuric acid, the end-point titre was
determined. In each plate, reference positive and negative samples were
tested as controls.
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Detection of Circulating Total (TC-Ag.) and Free (Fc-Ag.) Malarial
Antigens and Circulating Immune Complexes (CIC)

A double antibody sandwich ELISA was performed to determine circulating
free and bound antigens. A solid phase was coated with rabbit anti-PfL IgG
at a protein concentration of 10 pg/mL (1 wg/well). Sera and FP eluates
were added serially, at two-fold dilutions, from 1/16 onwards, in wells after
necessary washings and blocking with 1% bovine serum albumin (BSA).
The assays were done in two sets. In one set, after incubation of 1 hr at
37°C, goat anti-human IgG-HRP conjugate was added at the next step for
detection of antigen-specific CIC. In the second set, after incubation, the
wells were probed with human IgG (1 wg/well) isolated from malaria
immune individuals. After further incubation for 1hr at 37°C, the
secondary antibody, goat anti-human IgG conjugated to HRP, was added.
The reaction was terminated with 8 N sulfuric acid and the end-point titres
were determined. This way, it was possible to determine free circulating
malarial antigen by subtracting the ELISA titre values obtained in the CIC
set (without immune IgG) from the total antigen (with immune IgG) values.
In each set of assays, reference positive and negative samples were tested
as controls.

Statistical Analysis

Linear regression analysis (Pearson correlation; 2-tailed Probability test) was
done to determine whether the levels of antibody, total and free circulating
antigens, and circulating immune complexes correlated with each other in a
given time point. The results were considered significant at a P-value of
<0.05.

RESULTS

A total of 117 patients were screened for malarial parasite by microscopy; 54
were found to be positive and the remaining 63 were negative at the time of
blood collection, but they suffered from malaria in the recent past. The
ELISA tests for detection of antimalarial antibody, circulating antigen, and
circulating immune complexes were done in 117 sera and FP eluates as a
pilot study. The results of sera and FP eluates were comparable (Table 1).
Of 54 malaria positive samples, 51 and 52 were detected positive for FC-Ag
in sera and FP eluates, respectively. This shows that the test has high diagnos-
tic efficiency. Only 25-28% of the samples of the negative group were
detected FC-Ag positive, due to very recent infection in these individuals.
Antibody was detected in more than 90% malaria patients, whereas, in
blood smears from the negative group, about 86% showed sero-positivity
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Table 1. Free circulating malarial antigen (FC-Ag.), antigen-specific
antibody (Ab.) and circulating immune complexes (CIC) in serum and
filter paper eluates (FP-E) of 117 subjects

Samples (n = 117)

In Sera FC-Ag. Ab. CIC
No. + (%) No. + (%) No. + (%)

54 + for malaria parasite 51 (94.4) 49 (90.7) 39 (72.2)

63 — 16 (25.4) 54 (85.7) 33 (52.4)

In FP-E FC-Ag. Ab. CIC
No. + (%) No. + (%) No. + (%)

54 + for malaria parasite 52 (96.3) 51 (94.4) 36 (66.7)

63 — 18 (28.6) 54 (85.7) 29 (46.03)

for antimalarial antibody. The bound antigens in the form of CICs were
detected more in malaria positive cases than in smear negatives.

The test parameters were applied to 240 FP eluates collected from
different age groups (43, 60, 56, and 81 aged 1 — <5, 5— <10,
10 — < 15 and >15 years, respectively). The average antibody titre —log,
varied from 6-—10. Both TC-Ag and CIC were found at lower levels in
younger age groups. The FC-Ag levels were almost same in all (Fig. 1).
The overall results obtained from 240 individuals are presented as a corre-
lation plot in Figs. 2—7. Figure 2 shows the ELISA antibody titre versus
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Figure 1. Antibody, total circulating antigen, free circulating antigen, and circulating
immune complex profile in the study subjects (n = 240). The bar diagram is plotted

with mean ELISA —log2 titre of each group.
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Figure 2. Atibody vs TC-Ag.
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total antigen in circulation. The scattered plot shows some degree of corre-
lation between these two parameters (r = 0.67; P < 0.0001), as if degree
and status of infection may be controlled by the humoral immune
responses. Antibody titres versus CIC are shown in Fig. 3. It shows a
tendency towards a positive correlation (r = 0.48; P < 0.0001). In Fig. 4,
the antibody titre versus FC-Ag shows significant correlation between these
two parameters (r = 0.46; P < 0.0001). Figure 5 depicts the TC-Ag versus
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Figure 3. Antibody vs CIC.
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Figure 4. Antibody vs FC-Antigen.

CIC. The pattern indicates linearity, as if an increase in total infection load
may cause retention of immune complexes in circulation (r= 0.60;
P < 0.0001). Figure 6 shows the ELISA titre of CIC versus FC-Ag
(r=—0.02; P = 0.8142). The pattern shows a negative correlation, though
not significant, suggesting that the CICs seem to bear a role in controlling
infection load, whereas FC-Ag indicates active infection. The TC-Ag versus
FC-Ag titres show positive correlation (r = 0.77; P < 0.0001) as if there
may be the tendency of forming complex in antigen excess with available

specific antibodies (Fig. 7).
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People living in malaria endemic areas acquire immunity to the disease.
However, acquisition of immunity is slow, requires years of exposure, and
is not long lasting.”®*! It is suggested that the precise age-specific pattern of
disease depends upon the intensity of transmission in a given community
such that, under conditions of intense stable transmission, younger children
are more at risk from disease to death.''”! Tt was observed that, while
parasite rates and densities declined gradually after 6 months till one year
age, positivity rates to malarial antigens increased rapidly within this
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Figure 7. TC-Ag vs FC-Ag.
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period, suggesting the development of naturally acquired immunity to
malaria.!'!!

Although microscopic demonstration of malarial parasite in blood film is
the method of choice to diagnose acute malaria, detection of circulating
malarial antigens, antimalarial antibodies, and immune complexes may help
as supplemental tools for immunodiagnosis. When applied in a community-
based study, these tests would be able to monitor infection dynamics.
Diagnosis of acute infection by FC-Ag detection was achieved in 95% of
malaria positive cases; this indicates that this simple test parameter may be
further improved before its application in large-scale surveys. The improve-
ment in the technique may be achieved by using stage- and species-specific
monoclonal or polyclonal antibodies. Longitudinal and sequential followup
at different transmission seasons would help in analysis of malaria endemicity.
Malaria antigen specific CICs detection by ELISA in areas may help to locate
the endemic foci. The total infection load, level of antibodies, and the degree
of superinfection may help in maintaining “herd immunity” in a given
community. With proper planning of sampling in various seasons, infection
dynamics could be computed. The collation of these parameters, along with
parasitological data, could help in categorization of infection dynamics in
an actual field situation.
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