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1. Introduction

* The presence of protective immunity to malaria parasites is highly probable in
humans, howéver, details are still controvertial. A number of facf.ors contributing
protective immmunity are speculated, and age, sex, and/or race including genetic '
background have been analyzed [1-3]. It is commonly noticed that many peaple infected
with malaria parasites liavc no clinical symptoms in malaria-endemic area, and 60-70% of
parasite-positive mhabltants in cndemxc areas are thought to be healthy carriers [4].
Guadalcanal, the Solomon Islands, is the most severely endemic place of ma]éna in the
world, and the annual incidence of malaria is reported to be more than 300 pcr 1,000
' po.pulation [5'].. Itis.also commoﬁ that My malaﬁa—positivc people in Guadalcanal are

free from clinical symptoms. Such observation clearly shows that protective immunity
to ma]aﬁa contains two diffgrent concepts; inhibiting infection and protection from disease
onset. |
Jmmune responses to malaria antigens seem té be important in both two concepts of
protective immunity [6,7]. Previous studles suggest that antﬂ:ody responses to malaria
antigens mcludmg MSP1, CSP, and RESA are 1mpaued in symptomatlc patients with
falciparum malaria compared with asymptomaﬁc individuals [4]. MSP1, major
merozoite surface glycoprotein, is one of the most immunodominant malaria anﬁgeﬁs
during their asexual erythrocytic stage. To analyze in detail the malaria-specific antibody
as an immunological parameter in the pathogenesis, we compared IgG antibody responses
to recombinant MSPi molecules .between symptomatic and asymptomatic groups in -
Guadalcanal, both are infected with Plasmodium falciparum. We observed that
impairment in antibody response in symptomatic group 1s malaria-specific, however,
antigen molecules or epitopes to which immune responses are impaired might be selected.
Biological significance of such phenomena will be discussed.
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2. Materials and Methods
2.1. Studied subjects

Subjects tested in the present :smdy were peaple of Guadalcanal, th Solomon
Islands, wherc transmission of malaria is in hyper—endcmlc state [8]. 'Thereis htﬂc orno
seasonal dlﬁ'crcncc in the endexmcxty, therefore, people i in the island seem, to bc at high
nsk for infection with P. falciparum whole year through ‘We collected blood samples
by using EDTA as anu-coagulanr ﬁ-om 67 Solomon s donors under the informed consent,

“all of whom were shde-posmve for P. falapanm in microscopic observation. Of 67
tested subjects, 44 were random subjects of symptom-free camrier md1v1duals, and 23
wére patients witil chmcnl symptoms who visited clinics because 'of high fever (>38°C),
chill, head ache, andfor vomiting. There was no significant diﬁ‘ctenqc in the sex ratio
and age between the two groups; male-female ratio was 12:11 in symptomatic and 26:18
in as_ymptomatic‘: group, and mean age was 15.7 (median 14) yr in symptomatic and 22.0
(median 18) yr in asymptomatic group. Mean parasite density (PD) in the symptomatic
group was 212 + 610/200 white blood cells (WBC). It was higher than that in
asymptomanc group, 24.1/200 WBC, although not all the asymptomatic subjects were
examined for PD. We collected sera from 20 healthy Japanese donors, who were never

exposed to malaria, as negative controls.

2.2. Antigens used in ELISA

We measured IsG antibody levels to MSP1 in ELISA.  MSP1 used in this study
was of MAD 20 allcle [9], and are recombinant protems of the ammo-termmal region
containing blocks 1 through 6 (M1/6), a monomorphic block 3 (M3) and a dlmoxplnc
block 6 (M6) [10]. ~ We adjusted the concentration of each preparation of MSP1 to be 5.
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g/ml, and tested each plasma at 100-times dilution.  We used horse-radish peroxidase-

conjugated goat anti-human IgG as the second antibody (Cappel, Durham, USA), and
 after we added o-phenylenediamine (Sigma, St. Louis, USA) as a substrate, OD value at
492 nm was measured. Wc tentanvcly determined positive responses when OD value is

-higher than the mean OD value plus 3 SD of the Japanese negative control sera.

2.3. Neutralizing antibody to polio virus

As a positive control, netralizing antibodies to type IIl polio virus were measured by
"indirect hemagglutination test. People in Guadalcanal were immunized with polio
vaccine, and almost all are expected to be antibody-positive. We determined positive

responses when titers are x4 or more.
2.4.. Statistical analysis

Statistical analysis was donc by Student’s t-test or by %2 test.

3. Results and Discussion

We observed impaired IgG antibody production to MSP1 in symptomatic donors
compared with that in asymptomatic group. Difference in the mean OD value was
statistically significant (p<0.001) (Fig.1). Frequenéy of antibody-negative donors was
also significantly higher in thc symptomaﬁc group k34.8% vs 2.27%) (p<0.01). .Such
impaired antibody response in the symptomanc group was malaria-specific because we
observed almost same mean antibody titers to polio virus in the two groups (Fig. 2)

We further mcasurcd IgG antibody levels to-two blocks of the amino-terminal region of
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MSP1. Dimorphic M6 was thought to be highly immunogenic for cellular and hmnoral.
xiesponscs in humans compared with monomorphic M3 [11,12]. Our present
observation was consistent witﬁ previous s@ by Frue et al. [12] that M6 was more
immunogenic for IgG response than M3, however, the symptomatic group showed
deeply suppressed IgG responses only for M6 (p<0.01) (Table 1). Furthermore,
responsiveness to MB and M6 was discordant each other in the Mmmaﬁo group
(p<0.05) (Table 1). | |

The exact explanation for the present observation remains uncertain. It is not clear
whether such low antibody response c_:énsed higher parasitemia as in symptoniatic

_individuals. Altemaﬁvely, a possibility of immiine suppression mediated by malaria
parasites can not be ruled out [13]. The carboxyl-terminal block of MSP1 is suggested
to be directly involved: in MSPl-ﬁediated protective immunity [14], while biological roles
of the amino-terminal region remain unclear. It is interesting to note that there was no
significant supfression in IgG level to M3 (Table 1), because antfbodies to M3 were
reported to inhibit protective 1mmumty induced by the carboxyl-terminal region of MSP1
[15]. Itis needed to analyze more detailed biological roles of the amino-terminal ri:gion
of MSP1 to discuss the biological roles of those impaired immune responses in
symptomatic patients. ,

Another mtcxcsung point to see is whether such impaired antibody response is a
temporal or fixed phenomenon. Antibody titers have tight.n:laﬁonship with age of
human hosts [1]. In ‘this study, we compared two groups of which a;ge distribution was
not significantly different, however, asymptomatic group was older than symptomatic
group.  We have to consider this factor before getting final conclusion. Fluctuation of

antibody level in a-hllalania cndgmic area should be also considered [12]. Endemicity in

Guadalcanal shows onl& a faint seasonal difference. In this study, serum samples were

collected twice with an interval of nearly one year from some of asymptomatic donors.

Mean OD values of those sera were almost stable (Table 2), suggesting that MSP1-
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specific IgG seems to be a relatively stablcimnnmologicalparamcmrin Guadalcanal. It
is possibilc to suppose thathlghPDaused consumption ofspecxﬁc antibodies in sera of
 the pancntgroup [16]. ° It is, however, not likcly the case betnnse we observed:cases
showing weak IgG-k.vds to M6 but ngh M3-specific IgG, or vice versa. It is rather-

probable that complicated regulatory mechanisms induced the impaired immune responses
to som? particular epitopes. Immumogenetic factors could be-involved in such regulation
[17]. We are planning to test MSP1-specific antibody levels in the symptomatic groups
after their recovery from clinical symptoms It is also interesting to do a follow-up study
whetgc;r asymptomatic individnals with low IgG levels develop clinical symp—tort;s in near
In conclusion, impaired antibody response to MSP1 of P. Jalciparum could be a
risk factor for developing clinical symptoms in tﬁe holo-cﬁdemic Guadalcanal.
Regulatory system involved in the present phenomenon is malaria-specific, however,
there might be regulatory system specific for selective epitopes in case of antibody
Target epitopes of MSP1 for this immumoregulation could be

response to MSP1.
involved in immunopathogenesis as well as protective immunity during falciparm

malaria.
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Table 1.

Heterogeneous IgG responses to M3 and M6 blocks of MSP1 in symptomatic patients

" with falciparum malaria in Guadalcanal.
 Subjects MU6 M3 M6 - S o

Symptomatic (N=23) 15 (65.2%) 13 (56.5%) 11(47.8%) 9 4 2 8
. Asymptomatic (N=18) 18 (100%) 15 (83.3%) 17 (94.4%)

------------------------------------------------------------

<0.01 ns*. <0.01 <0.05

* not significant
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Table 2. -

Comparison of MSP1-specific IgG antibodies in asymptomanc donors in plasma sampleé
collected in two different years in Guadalcanal.

SubjectID Age  Sex i in1994 in 1995

205 23 female 0.611 0.643
206 60  male 1.24 1.12 B
235 44 femile 0852 . 116
248 50  female 119 1.18
402 7  male 0.112  0.161
403 18 male - 1.03 1.23
417 11 female 0.47 0.111
418 11 mae 118 1.27

424 35 male 1.18 0.991



Figure 1. ,
mLspemﬁchGanubodmmsympmmancandasympmmmmum
" infected with P. falciparum. mlmemWMcmm
s;gmﬁcanﬂylowwmparedwﬁhaymptomﬂdonom(p&ﬂm) Cutoff line for
pMVeIgGlevdwasmtattvdydctemedasﬂrmnODvahm+3SDofthc
Iapanacmganvecontrols MorethanlBofsymptomam:cassweremganvcfor
MSPI,andthc&equcncyofmganvecas&mgmﬁmﬂydcvamdm&xesympmmauc

group (p<0.01).

20 S,
' P<0.001

|

o
| S -
A
: &
5 £ .
o 1O é .
5 g
&f

S :

X43SD-

opo @

o

Japanese Symptom (-) Symptom (+)




Figure 2.

Antibody titers of anti-polio virus antibody in individuals in Guadalcanal. There
.ﬁiasnodiﬂ’ctencqinanﬁbodyﬁmwmﬁgvimsbetweenthétwogmups. Titers higher
than x4 are positive, and the cutoff line is shown in a dotted line.

Log (Ab tter
1000
oo
o ]
. cooom L)
100 -
- 0000 esssee
OCOCO00CO 06060088
00OCCO0COCO — @ee
7 00000000 o
0o o

" Symptom (-) Symptom (+)



