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Abstract. The aim of this study was to evaluate the relationship among age, parasitemia status, spleen
size, hematocrit, and antibody levels to Plasmodium vivax merozoite surface protein 1 (MSP1) in individuals
chronically exposed to P. vivax. Subjects were recruited from the population of three adjacent villages on
the Island of Flores in Indonesia where malaria transmission is hyperendemic and tropical splenomegaly
syndrome is highly prevalent. Subjects were evaluated for spleen size, hematocrit, presence of parasitemia,
and presence of antibodies to a recombinant peptide consisting of 90 amino acids from the carboxy terminus
of MSP1. Fifty-seven percent of 2-4 year olds, 45% of 5-9 years old, and 7% of > 15 years old were
parasitemic; 99% of the > 15 years old had splenomegaly, and 31% of them had Hackett 4 or 5 spleens. The
frequency of antibody positivity to MSP1 antigen in ELISA increased with age reaching a maximum of 8%
in 2 20 years old. The frequency of antibody positivity to MSP1 also increased with spleen size, and with

a decline in the prevalence of parasitemia.

INTRODUCTION

Plasmodium vivax is one of the two most com-
mon causes of human malaria worldwide. Analysis
of the immune response in subjects undergoing
natural exposure to parasite antigens is useful in
identifying factors involved in the development of
naturally acquired immunity to both infection by
Plasmodium and resistance to malarial disease.
Additionally, antibodies may be helpful in the de-
velopment of better diagnostic techniques. Over
the past few years, considerable progress has been
achieved in the molecular characterization of some
of the constituent proteins of P. vivax merozoites.

Merozoite surface protein 1 (MSP-1, also re-
ferred to as Pf195, PMMSA or MSA-1)is one of the
most studied of all malaria proteins (Holder et al,
1992), particularly MSP1 in P. falciparum, and is
one of the most promising candidates for inclusion
in a malaria vaccine directed against erythrocytic
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stages. The sequence of an MSP1 analogin P. vivax
has already been described (del Portillo et al, 1988,
1991). This protein may be involved in the attach-
ment to and invasion of red blood cells by merozoites
(Barnwell et al, 1984).

In this study, we have evaluated the association
among age, spleen size, hematocrit, parasitemia
status, and the level of antibody to MSP1 Pv 200 ,
in the sera of subjects living in Flores, Indonesia, an
area with endemic malaria transmission.

MATERIALS AND METHODS

Study site

The study was performed on samples and data
collected in Robek, Gincu and Golo, which are sub-
villages of a larger village called Robek (popula-
tion approximately 1,400) located at 8° 17°S and
120° 24 E in the Lesser Sunda Islands of Indonesia.
The inhabitants are primarily farmers and fisher-
men. Malaria transmission is stable in Robek, and
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considered to be meso- to hyper-endemic (Hoffman
etal, 1984a; 1986). At the time blood samples were
drawn no vector control measures were being car-
ried out in Robek.

Study population

The study population consisted of 169 volun-
teers who lived in the three adjacent villages, Robek,
Gincu and Golo. The subjects ranged in age from 0
to 73 years. Other demographic data are presented
in Table 1. The spleen sizes of 144 of the subjects
were scored by the method of Hackett, with normal
spleens scored as 0 and enlarged spleens scored as
1 through 5 (Hackett, 1944). The spleens were
measured while the subjects were supine with legs
flexed. The protocol upon which this study was
based was approved by officials of the National
Institutes of Health Research and Development of
the Republic of Indonesia, and conformed to the US
Navy regulations governing the use of human sub-
jects.

Specimen collection

In September 1981 venous blood samples were
obtained from the subjects. Giemsa-stained thick
and thin blood films were prepared, and read at
1,000x oil immersion. Two hundred fields were
evaluated before a slide was designated as negative
for parasites. The remainder of the blood samples
were allowed to clot and then centrifuged. Sera
were separated and stored in liquid nitrogen in the
field, and in -70°C freezers thereafter.

Antigen

Sera from the subjects were tested by ELISA for
antibody activity to MSP1 Pv200 ,, a recombinant
product consisting of 90 amino acids (Leu,,,-Ser ..,)
from the carboxy terminus of MSP1. MSP1 is pro-
duced and expressed by merozoites (Kaslow and
Kumar, 1996).

ELISA

MSP1 Pv200 , was used as solid phase antigen
in the ELISA. Briefly, 50 pl of antigen (0.0125 pg/
ml) were incubated in 96 well plates for 6 hours at
room temperature. After washing and overnight
incubation with 5% nonfat dry milk (blocking
buffer), the wells were washed, then incubated for
2 hours with 50 pl of different dilutions (range =
1:200 to 1:204,800) of the human sera. After wash-
ing, secondary antibody (peroxidase-labeled goat
anti-human IgG and IgM, Kirkegaard and Perry,
Gaithersburg, MD) was added for 1 hour. Reactiv-
ity was visualized using ABTS substrate [2,2'-azino-
di (3-ethyl-benzthiazole sulfonate) and hydrogen
peroxide, Kirkegaard and Perry, Gaithersburg, MD]
and measured at 410 nm. Mean + 2SD of the OD
readings of quadruplicate assays were calculated.
All sera were also tested in antigen-free wells. The
cutoff for positivity was set at two standard devia-
tions above the mean OD, , value obtained with
sera from eight healthy individuals with no history
of malaria exposure.

Table 1

Demographic data and parasitemia status of 169 subjects from the villages of Robek, Gincu and Golo,
Flores, Indonesia, in September 1981.

Age Groups (yrs) 0-1 2-4 5-9 10-14 15-19 220 Total

Subjects (n) 6 14 29 21 11 88 169

% male 33 50 48 52 45 44 46

n Parasitemia (%) 1(17) 8(57) 13(45) 3(14) 1(9) 6(7) 32(19)

n P. falciparum (%) 1(17) 6(43) 2(9) 1(9) 2(2) 17(10)

n P. vivax (%) 0(0) 2(14) 1(5) 0(0) 2(2) 11(7)

n P. malariae (%) 0(0) ¢ 0(0) 0(0) 0(0) 2(2) 3(2)

n P. ovale (%) 0(0) 0(0) 0(0) 0(0) 0(0) 1(<1)
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Data analysis

Chi-square, and chi-square for trend tests were
performed in the Statcalc module of Epilnfo 6.04b;
Student’s t-tests and logistic regression analyses
were performed in SPSS for Windows version 6.1.4.

RESULTS
Prevalence of parasitemia

Malaria parasites were found in 19% of the 169
blood films examined. P. falciparum was the pre-
dominant species (10%), followed by P. vivax (7%),
and P. malariae (2%). P. ovale was identified in
one blood film from a 6 year old. Age-specific
parasite prevalence is shown in Table 1. The high-
est prevalence of P. vivax occurred in the 5-9 years
age group (14%) while P. falciparum prevalence
was greatest in the 2-4 years age group (43%).
Overall, 57% of the 2-4 years old subjects and 45%
of the 5-9 years old subjects were parasitemic.

Spleen rates and hematocrits

Table 2 shows the age-specific spleen rates
(prevalence of enlarged spleens) in this population.
Age-specific spleen rates ranged between 75% (2-
4 years) and 100% (0-1 years and 15-19 years) with
a significant increase in prevalence with age (chi-
square for trend, p = 0.009). The age-specific
hematocrit values ranged between a low of 34.7%

(0-1 year) and a high of 38.8% (2-4 years) with no
apparent association between mean hematocrit and
age (Table 3).

Antibody correlations with age

Subjects with ELISA optical densities greater
than the mean plus two standard deviations of the
control (nonexposed) volunteers were designated
as positive for antibodies to MSP1 Pv200 . Sev-
enty percent of all subjects were positive, and the
frequency of antibody positivity to MSP1 Pv200 g
increased significantly with age; percent positivity
ranged from 17% in the youngest subjects to 89% in
the adults (chi-square for trend, p<0.00001, Table
4). The geometric mean titer for positive subjects
(stratified by age) was calculated. Among subjects
designated positive for antibodies to MSP1 Pv 200,,,
the geometric mean OD for 2-4 years old was lower
than the means of other groups, but the difference
was not significant (unpaired Student’s ¢-test, p =
0.09) (Table 4). Fig 1 illustrates data on twelve
positive subjects plotted with the results from 8
nonexposed controls. The positive samples required
dilutionto 1:102,400 before approximating the mean
OD plus two standard deviations of the 8 negative
control sera.

Antibody correlations with spleen size

There was an association between spleen size
and frequency of positivity in ELISA for antibody

Table 2

Spleen rates and mean spleen size by age of 144 subjects from the villages of Robek, Gincu and Golo,
Flores, Indonesia.

Age groups (yrs) 0-1 2-4 5-9 10-14 15-19 220 Total
Subjects (n) 2 3 26 19 9 30 144
Spleen rate* 100 75 92 89 100 99 95
Average enlarged spleen** 1.5 2.2 2.8 2.5 2.7 2.8 2.7
Number of subjects with Hackett4 or 5 0(0) 1(13)  7(27) 2(11) 1(11)  27(34) 38(26)
Spleens (%)

Antibody positive (%)*** 17 29 48 71 55 89 70

*Percent of subjects with a Hackett spleen score greater than 0.

**Mean Hackett spleen for subjects with a positive Hackett score (I to 5) spleen size.

***Serum samples producing optical densities in the anti-MSP1 Pv200 , ELISA that were greater than the mean plus two
standard deviations of the control sera (8 samples) from volunteers never exposed to malaria transmission were designated

as positive.
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Table 3

Mean hematocrits by age of 145 subjects from the villages of Robek, Gincu and Golo, Flores, Indonesia.

Age groups (yrs) 0-1 2-4 10-14 15-19 220 Total
Subjects (n) 3 8 18 9 83 145
Hematocrit (%) 347 38.8 35.0 38.6 35.6 35.6

Table 4

Geometric mean optical densities in ELISA against MSP1 Pv200 , in 169 subjects from the villages of
Robek, Gincu and Golo, Flores, Indonesia.

Age Groups (yrs) 0-1 2-4 10-14 15-19 20 Total
Subjects (n) 6* 14 21 11 88 169
Antibody positive(%) 17 29 71 55 89 70

+ Geo mean OD(n)* 1.33(1) 0.54(4) 0.81(14) 0.69(15) 0.77(6) 0.86(78) 0.82(118)
- Geo mean OD(n) 0.06(5) 0.08(10) 0.13(15) 0.15(6) 0.2(5) 0.15(0) 0.12(51)
Total Geo mean OD 0.096 0.14 0.32 0.44 0.42 0.71 0.46

* Serum samples (1:200) producing optical densities in the anti-MSP1 Pv200 , ELISA that were greater than the mean plus
two standard deviations of the control sera (8 samples) from volunteers never exposed to malaria transmission were
designated as positive. Geometric means were calculated for the optical densities of samples designated as positive (+ Geo
mean OD) and for samples designated as negative (- Geo mean OD).

for MSP1 Pv200 ; the higher the Hackett spleen
score, the greater likelihood that the subject was
ELISA-positive (chi-square for trend, p = 0.018)
(Table 2). The association among ELISA outcome,
spleen size and age was examined in unconditional
logistic regression. In a model containing only
spleen size as an independent variable, spleen size
was a significant predictor of ELISA outcome (p =
0.02) but when age was added as a second inde-
pendent variable, the effect of spleen size was
reduced (p = 0.09). This indicates that age is artifi-
cially enhancing the effect of spleen size, indicat-
ing that it confounds the effect that spleen size has
on ELISA outcome.

Antibody correlations with parasitemia status

Subjects positive for antibody to MSP1 Pv200 ,
were less likely to be parasitemic with any Plasmo-
dium species (17% vs 41%, p = 0.03). This effect
was also noted with P. vivax parasitemia alone (5%
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vs 16%, p = 0.052). The association among ELISA
outcome, parasitemia status and age was examined
in unconditional logistic regression. In a model
containing only parasitemia status as an independ-
ent variable, parasitemia status was a significant
predictor of ELISA outcome (p = 0.03) but when
age was added as a second independent variable,
the effect of parasitemia status was reduced (p =
0.78). This indicates that age is artificially enhanc-
ing the effect of parasitemia status, indicating that
it confounds the effect that parasitemia status has
on ELISA outcome.

DISCUSSION

MSP1 is a leading candidate for inclusion in
multivalent vaccines directed against Plasmodium.
Immunization of mice with either full length native
P. yoelii MSP1 or recombinant C-terminus product
protects mice from death when infected with a
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lethal strain of P. yoelii (Daly and Long 1993; Tian
et al, 1997), and immuniqation with MSP1 DNA
vaccines also produces protechtion against P. yoelii
spcrozoite challenge (Becker et al, 1998). A C-
terminus recombinant product has also been shown
effective in the induction of protective immunity to
lethal challenge of Aotus monkeys with P.
SJalciparum (Kumar et al, 1995). A 42-kDa C-
terminus fragment of MSP1 produced by recom-
binant baculovirus also protected 4otus monkeys
against subsequent challenge with P. falciparum.
Most of the antibody against the fragment was
directed against the 19-kDa C-terminus part of the
42-kDa recombinant product (Chang et al, 1996).
As efforts to develop P. vivax vaccines intensify,
the relationship between the immune response to P.
vivax MSP1, and other factors related to malaria
illness is of increasing interest.

Optical density

0.2 ,

This study is the first to evaluate P. vivax MSP1
antibodies in an Asian population. Other studies
carried out in South America also showed antibody
reactivity to MSP1 fusion proteins in persons
exposed to P. vivax. Sixty-four percent of the sub-
jects tested (most were adults) had antibodies that
reacted with a C-terminus recombinant protein
(Soares et al, 1997). They also reported that in
persons treated for vivax malaria, the prevalence of
antibody to the C-terminus of MSP1 increased from
46% after one episode of malaria to 84% after four
episodes. Antibody to the N-terminus protein did
not increase. This suggests that C-terminus pro-
teins such as that used here may better reflect the
boosting caused by natural infection.

In this study, the mean optical density in ELISA
for samples designated as negative or as positive do
not change significantly (Table 4), but there is a
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Fig 1-IgG antibody levels to Pv200,, in 12 subjects exposed to malaria transmission, Flores Indonesia. The x line
represents the mean optical density plus two standard deviations of sera taken from eight control subjects never
exposed to malaria transmission. A cut-off value specific for each dilution was calculated; these cut-off values had
arange of 0.133 to -0.15, and a mean + SD of 0.011 * 0.09.
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striking increase in the frequency of positive sam-
ples as age increases. Age may be a surrogate
marker for increased numbers of P. vivax episodes,
and, therefore, degree of exposure to P. vivax MSP1.
This view is supported by the apparent confounding
by age of spleen size effect and parasitemia status
effect on ELISA outcome. In other words, spleen
size, probability of not being parasitemic, and prob-
ability of having a positive ELISA are probably all
positively associated with or dependent on the
number of exposures to P. vivax. Age, on the other
hand, is an indirect measure of the real effector, the
number of P. vivax episodes.

There was no association between age or anti-
body status and hematocrit. Mean hematocrit val-
ues for the age groups ranged between 34.5% and
38.8%. Normal value ranges for different ages in
normal Americans are 28-42% for 2 month old
infants, 35-45% for 6-12 year old children, 37-49%
for 12-18 year old males, 36-46% for 12-18 year old
females, 41-53% for 18-49 year old males, and 36-
46% for 18-49 year old females (Behrman et al,
1965). Spleen rate and average enlarged spleen rate
were highest in adults even though the rates of
parasitemia decreased with age. This is a reflection
of the high prevalence of tropical splenomegaly
syndrome (hyperreactive malaria splenomegaly) in
these villages (Hoffman et al, 1984b).

When sera from 12 antibody-positive subjects
were diluted serially and tested in ELISA (Fig 1),
six of the subjects showed a noticeable prozone
effect. Although this prozone effect never caused
any of the positive sera to appear negative at low
dilution, this demonstrates the importance of test-
ing sera at several different dilutions.

These data show that the presence of antibody to
a C-terminus sequence of P. vivax MSP1 increases
with age in people who are subjected to P. vivax
infection. In addition, MSP1 antibody prevalence
to the C-terminus of MSP1 increases as average
enlarged spleen sizes increase, and as people be-
come more resistant to parasitemia.
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