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Abstract

Background: Plasmodium falciparum malaria remains a major public health concern globally though there is
some decline due to scale-up of control efforts. Evaluation of the anti-malarial immune profile, in populations residing
in epidemic-prone areas in the dry season or at the time when vector control largely reduced man-mosquito contact,
would help predict malaria burden when future epidemics occur.

Methods: A cross-sectional study was designed to investigate antibody responses to four P. falciparum blood
stage vaccine candidate antigens in non-febrile individuals from Shewa Robit in north-central Ethiopia where malaria
transmission was expected at a minimal level as a result of the sampling season and effective vector control. Blood
samples were analyzed microscopically for Plasmodium detection. The enzyme-linked immunosorbent assay
(ELISA) was used to measure immunoglobulin (IgG) antibodies to apical membrane antigen 1 (AMA1), glutamate-
rich protein (GLURP) R2 region and merozoite surface protein 2 (MSP2) allelic variants.

Results: Study participants were smear-negative for Plasmodium infection. While 51 (22%) of the participants
reported that they had never been exposed to clinical malaria in life, 177 (78%) reported at least one clinical malaria
episode with laboratory confirmed P. falciparum infection. The antigens tested were well-recognized by the test sera
although significant differences were observed in antibody prevalence and level between the different antigens and
there was inter-individual variability. IgG response to the antigens showed age-related pattern but without evidence
of relation with status and frequency of reported past exposure to clinical malaria.

Conclusion: The data suggests that individuals in an epidemic-prone malaria setting have reactive and stable
antibodies that readily recognize P. falciparum blood-stage vaccine candidate antigens in the absence of slide-
positivity. Analysis of age-related pattern in antibody level showed positive association with age but unrelated with
increasing frequency of reported episode suggesting the role of intrinsic age-related factors in malaria immune
maturation.

It was reported that MSP2-specific antibodies in naturally exposed
individuals in seasonal P. falciparum transmission areas remained
remarkably stable from year to year [7].
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This shows that there are unresolved issues regarding malaria
immunity in natural settings demanding further research. If antibodies
dissolve rapidly following parasite clearance sustained transmission
reduction via vector control may pose the general population, in
endemic areas, to greater risk of malaria-related morbidity and
mortality when outbreaks occur. Thus evaluating antibody responses
in the dry season would help evaluate the possible influence of vector
control on malaria antibody stability.

Background

Plasmodium falciparum malaria is among the leading causes
of morbidity and mortality worldwide [1]. A widely held model of
malaria immunity is slow age-related immune buildup [2]. It has
also been argued that protective immunity to severe pathology is

Though malaria is a primary health concern, little data exist
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achieved relatively rapidly [3]. A work in South East Asia reported the
development of malaria immunity as a function of age but independent
of cumulative exposure [4]. Though it has been difficult to look into
the effect of age on malaria immunity independent of exposure, these
investigators argued that they managed to do so. Also, there was no
significant difference in malaria antibody levels between individuals
more extensively exposed and those with less exposure [5]. Another
unresolved issue in malaria immunity is that antibody responses
decline rapidly with time in the absence of persistent boost infections
[6]. On the other hand, there are evidences contrary to this assertion.
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regarding malaria immunity in individuals living in endemic regions of
Ethiopia particularly pertaining to the age-related pattern and duration
of malaria immunity. In this regard the country is lagging behind
many malaria endemic African countries some of which have already
embarked on vaccine efficacy trials. Thus, the objective of this study
was to evaluate the level of reactivity and stability of antibody responses
to P. falciparum blood-stage antigens in asymptomatic individuals in a
seasonal and unstable malaria locality in Ethiopia where vector control
efforts effectively reduced transmission.

Methods
Study site

The climate of most Ethiopian malaria endemic regions is Sahelian
with small rains (‘Belg’) in March and April and heavy rain (Kiremt)
from June to September followed by a long, dry season from October
to February. May is largely a dry month. Malaria in most parts of the
country is meso-/hypo endemic and seasonal although stable and
perennial transmission occurs in some western lowland and river
basin areas. P. falciparum is the major species (60-70%) in Ethiopia
accounting for most malaria-related mortality and morbidity followed
by P. vivax (30-40%) [8].

This study was undertaken in Shewa Robit in north-central
Ethiopia. Shewa Robit which is a District town is located in Amhara
Regional State, Semiene Shewa Zone, Kewet District about 225 km
to the north of Addis Ababa. The climate of Shewa Robit located at
1000’36”N latitude and 39°54°10.8”E longitude at 1380 masl is warm
with 16.5°C mean annual minimum and 31°C maximum temperatures.
The mean annual rainfall is 1007 mm [9]. While Shewa Robit town
had a total population size of 17,575 (male 8874, female 8,701) Kewet
District was populated by 118,333 (male 60,911; female 57,422) people
[10]. The same report showed that the majority of the people in the
district belonged to the Amhara ethnic group.

The town receives high rainfall during the main rainy season and is
characterized by markedly unstable and seasonal malaria transmission
standing among the major epidemics-prone areas in the country.
Malaria control efforts were effectively in place in accordance with the
national malaria control policy. The town had one healthcare center.
There were health posts in all Kebeles (basic administrative units of a
District) of the District to treat suspected malaria cases on the basis of
rapid diagnostic test (RDT) and clinical diagnosis. Insecticide-treated
net (ITN) distribution was 100% at least at household level according
to health facility information system. The most recent epidemic in the
area was in 2005 as the local healthcare system record showed.

Ethical Considerations

Prior to sampling ethical approval was obtained from the Biology
Department Ethics Review Committee, Addis Ababa University and
the Ethiopian Federal Ministry of Science and Technology. Informed
consenting individuals (parents/legal guardians for children)
participated in the study.

Study design, sampling and infection detection

A cross-sectional survey took place in 2008 in the dry season when
malaria transmission was much declined. Consenting participants
were requested to self-report their past malaria episode(s), if any,
pointing out the number and most recent episode (year) including
the Plasmodium species(s). Nearly all participant claims, for those
who were treated within the local health center, were confirmed by
cross-checking in the health record system. Five ml of venous blood

was collected from each participant. Thick and thin blood-smears were
prepared and microscopically screened for Plasmodium infection and
species identification. Sera were separated and stored at -20°C until
analysis.

Antibody detection

ELISA: P. falciparum antigens AMA1 (3D7 strain) [11], MSP2
allelic families (3D7, FC27) [12] and GLURP R2 region (amino acids
705-1178) [13] were used for IgG analysis.

Positive high-titer reference serum from Sudanese donor with
confirmed P. falciparum infection and negative control sera from
malaria naive Europeans were used for assay standardization and cutoff
determination. The test protocol was following that of Iriemenam et al.
[14]. Briefly, 96-well flat-bottomed ELISA plates (Costar, Cambridge,
MA, USA) were coated using 100 pl/well of solutions of AMA1, MSP2-
3D7, MSP2-FC27 or GLURP-R2. The coating concentrations were
1 pg/ml for the first three antigens and 0.5pg/ml for the last two in
a coating buffer (phosphate buffered saline (PBS). The plates were
incubated overnight at 4°C. Using 100pl/well blocking buffer (sodium
carbonate buffer (pH 9.6), containing 0.5% bovine serum albumin
(BSA) the plates were blocked for 2h at 37°C. The plates were washed
four times in a washing buffer [PBS with 0.1% Tween-20 and 0.15%
Kathon (Mabtech, Nacka, Sweden)] in micro plate washer (Skan
washer 300, CA, USA). Sera diluted 1:1000 in incubation buffer (PBS
with 0.5% BSA) were loaded in duplicates and incubated for 1h at
37°C. To detect bound IgG antibodies, alkaline phosphatase (ALP)
conjugated to goat anti-human IgG (1:2000) (Mabtech) was added and
further incubated for 1h at 37°C. Finally, the assay was developed by
adding p-nitrophenyl phosphate (Sigma-Aldrich GmbH, Steinheim,
Germany) in enzyme substrate buffer and keeping the plates in the
dark. After 20 minutes the optical densities (OD) were read (at 405 nm)
using Molecular Devices (VmaxTM Kinetic micro plate reader, Menlo
Park, USA). Samples having a discrepancy of >25% between duplicates
were retested. Background was determined from the OD values of
blank wells and that was deducted from the mean OD reading of each
sample. The cutoff point was set at the mean plus 3 standard deviations
(SD) of negative-control sera.

Data analysis

First the normality and correctness of the data was checked and
found that mean antibody levels were not normally distributed.
Accordingly, nonparametric tests were used for all statistical analysis
using SPSS version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
Differences in antibody positivity between antigens, age groups as well
as between reportedly exposed/unexposed groups to clinical malaria
were assessed using the Fisher’s exact test. Correlations between
ODs for the different antigens and with donor age were determined
using Pearson correlation. Pair-wise comparisons of the median ODs
between different test groups were done using Mann-Whitney U (or
Wilcoxon rank sum) test. The Kruskal-Wallis test was used to test for
differences in antibody levels against more than two different groups.
Two-sided p<0.05, 95% confidence intervals (CI) were considered
significant.

Results
Study participants and questionnaire data

Two hundred twenty eight serum samples were collected from
mostly adult consenting participants (age range 5-80 years, mean 28).
All participants were non-febrile (axillary temperature <37.5°C) and
smear-negative for Plasmodium infection during sampling. Fifty one
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(22%) of the study participants reported that they had not been exposed
to any clinical malaria in life time in spite of residing in endemic area(s)
(Table 1). The rest 177 (78%) had at least one clinical malaria episode
with laboratory confirmed P. falciparum infection. The subgroups
among the exposed were those who had experienced episode(s) once
(71/177(40.1%) and more than once (106/177(59.9%).

Antibody positivity and level

The antigens tested were well-recognized by the test sera MSP2-
FC27 being the leading and the GLURP-R2 reactive antibodies being
relatively the least frequently detected (Table 2). There was no serum
sample that was not IgG positive at least against one antigen. Thus
100% of the sera were positive for one or more antigens. However,
some individuals were positive for one antigen and not for the other.
Particularly, a large number (51%) of the same sera that were positive
for GLURP-RO in a previous report [15] were not so for GLURP-R2.
Similarly, a substantial number of individuals (about 20%) were
positive for MSP2-FC27 but not for MSP2-3D7. Conversely, few sera
were positive for MSP2-3D7 or GLURP-R2 but not MSP2-FC27 or
GLURP-RO, respectively.

The differences in IgG positivity between all antigens were
significant except the comparison between AMAI and MSP2-3D7.
While anti-AMA1 antibody level was not significantly different from
the level against MSP2-3D7 (p=0.072) and GLURP-R2 (P=0.091) it was
significantly lower than that to MSP2-FC27 (p<0.0001). GLURP-R2
level was significantly lower than that to MSP2-3D7 (p=0.010) and
MSP2-FC27 (p<0.0001). Anti-MSP2-FC27 IgG level was significantly
higher than that to MSP2-3D7 (p<0.0001).

Antibodylevels to AMA1, MSP2-3D7, MSP2-FC27 and GLURP-R2
were significantly positively correlated with each other. Particularly,
anti-MSP2-3D7 and MSP2-FC27, the two allelic variants of MSP2,
levels have shown the strongest correlation (p<0.0001, R=0.651) (Figure
1). However, anti-GLURP-RO (previous data from reference number
[15]) and GLURP-R2 IgG levels were not significantly correlated.

Sex Male n (%) Female n (%) Total n (%)
Age (year)
5-14 7(3.0) 13(5.7) 20(8.7)
>14 181(79.4) 27(11.8) 208(91.2)
PME
Unexposed 44(19.3) 7(3.0) 51(22.4)
Exposed 145(63.6) 32(14.0)
LME
1998-2004 28(12.2) 5(2.2) 33(14.4)
2005 36(15.8) 9(3.9) 45(19.7)
2006 17(7.4) 1(0.40) 18(7.8)
2007 30(13.2) 8(3.5) 38(16.7)
2008 34(14.9) 9(3.9) 43(18.8)

PME: Past Malaria Episode; LME: Latest Malaria Episode
Table 1: Demographic and questionnaire data for study participants.

Antigen Positivity rate (%)’ (n = 228) ?Median OD(IQR)?
AMA1 148(64.9) 0.122(0.06)
MSP2-3D7 150(65.8) 0.121(0.02)
MSP2-FC27 186(81.6) 0.198(0.07)
GLURP-R2 96(42.1) 0.110(0.08)

Table 2: Antibody positivity rate and level to P. falciparum blood-stage vaccine
candidate antigens in sera samples from individuals.

Antibody response and self-reported past malaria episode

IgG positivity to the different antigens differed between those who
reported past malaria episode and those not (Table 3). While to AMA1
the unexposed group had significantly higher positivity rate than the
exposed (p=0.008); for MSP2-3D7 (p<0.0001), MSP2-FC27 (p<0.0001)
and GLURP-R2 (p=0.037) the opposite was noticed.

The difference in IgG positivity rate to the antigens between
those who reported malaria episode once and more than once was
less marked. However, the rate to AMA1 (p=0.001) (higher in once)
and MSP2-FC27 (p<0.0001) (higher in more than once) indicated
significance between the two groups. Anti-AMA1 positivity rate was the
highest among those who reported their most recent episode in 1991-
2004 (Table 4). Similarly, anti-AMAL1 antibody level was significantly
higher in individuals who reported that they were unexposed to malaria
episode in life time than the exposed (p<0.0001). On the other hand, the
highest median antibody level against this antigen was for individuals
whose latest reported episode was in 2008, the year of sample collection.
Antibody level was also significantly higher in the group that reported
exposure to malaria episode than those not exposed for MSP2-3D7 and
MSP2-FC27. IgG levels to these antigens were significantly higher in
individuals who reportedly had episodes more than once compared to
those who had only one episode.

Antibody reactivity against all the four antigens significantly
increased with increasing age though the degree of association was
variable (Figures 2a-2d).

Discussion

Compared to other antigens tested the lowest anti-GLURP-R2
IgG prevalence and level was detected in the present study. A high
IgG positivity rate was recorded in a holoendemic area from Liberia
against the C-terminal 783 amino acids of the 220-kD GLURP,, .
(containing both R1 (489-705) and R2 (705-1179) regions) [16]. In a
seasonal malaria transmission locality in the Gambia, IgG positivity
rate reached 95% for this antigen [17]. Compared to IgG response
against GLURP-RO in our previous report in the same population [15]
as well as other study in a different setting [18] the anti-GLURP-R2
response was lower.

The observed inconsistency may be explained in different ways. The
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Figure 1: Correlation between IgG levels to MSP2-3D7 and MSP2-
FC27 (r=0.651, p<0.0001).
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Status n AMA1 MSP2-3D7 MSP2-FC27 GLURP-R2
positivity no (%) level positivity no (%) level positivity no (%) level positivity no (%) level
Unexposed 51 41 (80.3) 0.128 (0.19) 27 (52.9) 0.103 (0.04) 33 (64.7) 0.124 (0.05) 15(29.4) 0.103 (0.07)
Exposed 177 107 (60.4) 0.119 (0.04) 123 (69.4) 0.130 (0.35) 153 (86.7) 0.215 (0.09) |81 (45.7) 0.113 (0.05)
Single 71 35 (49.2) 0.089 (0.09) 48 (67.6) 0.129 (0.06) 58 (81.6) 0.192 (0.05) 32 (45.0) 0.113 (0.03)
Multiple 106 72 (67.9) 0.126 (0.06) |75(70.7) 0.131 (0.05) 95 (89.6) 0.267 (0.08) 49 (46.2) 0.112 (0.07)
Table 3: P. falciparum-specific IgG positivity and level (Median OD (IQR) and reported past malaria episodes.
Status n AMA1 MSP2-3D7 MSP2-FC27 GLURP-R2
positivity no (%) level positivity no (%) level positivity no (%) level positivity no (%) level
1991-2004 33 23 (69.6) 0.129 (0.05) 25(75.7) 0.129 (0.03) 30 (90.9) 0.228 (0.10) 17 (51.5) 0.136 (0.04)
2005 45 25 (55.5) 0.106 (0.03) 31 (68.8) 0.109 (0.07) 41 (91.1) 0.200 (0.06) 18 (40.0) 0.097 (0.07)
2006 18 10 (55.5) 0.099 (0.08) 14 (77.7) 0.145 (0.05) 17 (94.4) 0.238 (0.12) 10 (55.5) 0.140 (0.05)
2007 38 22 (57.8) 0.107 (0.06) 21 (55.2) 0.138 (0.08) 29 (76.3) 0.199 (0.08) 13(34.2) 0.087 (0.07)
2008 43 27 (62.7) 0.130 (0.44) 32 (74.4) 0.134 (0.04) 36 (83.7) 0.222 (0.09) 23(53.4) 0.137 (0.07)

Table 4: 1gG positivity and level (median OD (IQR) to P. falciparum antigens and reported year of most recent malaria episode.

RO region haslimited variation between isolates from diverse geographic
areas in contrast to the R2 repeat region which has been shown to have
considerable polymorphism [19]. Therefore, the R2 region strain may
not be common in the present study population or the strain-specific
antibody induced may be short-lived, and was at undetectable level at
the time of sample collection. Thus we suggest that compared to anti-
GLURP-R2 response antibodies induced to GLURP-RO may be more
stable, the protein is more antigenic or this particular region of GLURP
is more prevalent in the studied population.

The lower anti-AMA1 IgG prevalence recorded in the present study
(64.9%) indicates apparent disparity from findings of other studies.
A very high IgG positivity rate (96-100%) was observed to AMA1 in
other studies [20,21]. The apparent disparity between such reports and
the present study may be attributable to differences in transmission
level. Both Chelimo et al. [20] and Thomas et al. [21] reported from
holoendemic areas but the present study was from a hypo endemic
setting. However, equally high antibody level to AMA1 was detected
from a seasonal transmission area [22] showing that endemicity level
is a less likely explanation for the observed variability. On the contrary,
the prevalence of IgG response to AMA1 was substantially lower (37%),
compared to the result in this study, in a low transmission setting in the
Thailand [23]. Thus, reports of various studies on anti-AMA1 antibody
response are less consistent. Apart from some differences in study
design, several other factors are potential sources of variation. Among
these; level of endemicity, time/season of antibody measurement,
presence/absence of active infection and its duration and the level of
parasitaemia, time of recent infection, or persistence of sub patent or
sub-microscopic infections may make it difficult to compare results of
different studies. More importantly antigen preparation or the exact
constructs used can be source of differences as AMAL is a polymorphic
protein with great strain variations [24]. Furthermore, differences in
the binding specificity and sensitivity of some ELISA regents, overall
test system, host genetics, etc. may account for the apparent disparity.

Detection of high anti-MSP2 IgG positivity rate (up to 81.6%) and
level in this study is in agreement with reports of other studies. In an
adult population in a seasonal transmission area in the Gambia, the
anti-MSP2 antibody prevalence was very high, reaching 95% [25].
Specifically, 81% of the individuals tested were positive for 3D7 and
86% were for serogroup FC27 being consistent with the present study,
though the value for 3D7 was lower in the current study. More than
90% prevalence to the full-length proteins of both 3D7 and FC27 of
MSP2 was observed in studies in Solomon Islands [26] and Papua New
Guinea [27]. Additionally, anti-MSP2-FC27 IgG level was significantly

higher than anti-MSP2-3D7 in Sudan [14] lending support to the
present study. Some other studies detected IgG in all individuals to
MSP2 in general [28] and to MSP2-3D7 specifically [22]. But another
study measured only 15% IgG positivity rate to MSP2, lower than
AMALI1 [24]. The two allelic variants of MSP2 are widely distributed in
general [29] but no specific information is available as to the relative
distribution of these two serogroups in Ethiopia. The current finding,
the first of its kind in the country, confirmed the occurrence of both
allelic variants but probably in varying relative abundance at least in
the studied area.

Antigen nature and level of exposure to various parasite strains
may account for the inter-individual differences observed in the study.
Inter-individual variability in malaria-specific antibody response in
other malaria endemic areas was documented [30]. As a substantial
number of individuals were positive for MSP2-FC27, but not MSP2-
3D7; and similarly, 51% of sera positive for GLURP-RO previously
[15] were not so for GLURP-R2 currently suggest allele-specific
antibody reaction. The induction of allele-specific natural antibodies
to various P. falciparum recombinant antigens was similarly revealed
in other studies [31,32]. The absence of significant correlation between
anti-GLURP-RO and GLURP-R2 antibody levels observed in the
present study provides additional support in this regard. Detection of
significant correlation between antibody levels to the allelic variants
of MSP2 in the study goes in agreement with other reports [33]. This
observation may be explained by exposure to both allelic families
locally. Contrarily, Taylor et al. [25] found weak correlations between
antibody responses to the two allelic variants of MSP2.

Recording significant correlation between anti-AMA1 and MSP2
total IgG responses in the present study agrees with other studies
[34]. In general, correlation of antibodies to blood-stage antigens in
individual serum suggests cross-reactivity between the antigens apart
from the effect of exposure to multiple parasite strains and allelic
forms. Such extensive inter-correlations between responses to a panel
of vaccine candidate antigens in the current study have important
implications for vaccine design efforts.

In the absence of slide-positivity and minimal transmission
high seropositivity was noted indicating the stability of malarial
antibody without high level infections. There are other evidences that
suggested the long-lived nature of malaria antibodies in the absence
of microscopically detectable infections [23,35]. Although the present
study was cross-sectional in its design, information gathered through
interview produced substantial amount of previous history of the
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Figure 2a: Correlation between IgG level to AMA1 and age (r=0.106,
p=0.041).
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Figure 2b: Correlation between IgG level to MSP2-3D7 and age
(r=0.243, p<0.000).

participants by the assistance of local health facility record system that
maintained malaria cases by passive case detection.

Anti-AMAL1 positivity and level were significantly higher among
individuals who reported no malaria episode in life than those who
had. Further, IgG positivity rate for this antigen was greater in those
who had clinical episode once than more than once. The same anti-
AMAL IgG positivity rate was the highest among those who reported
their most recent malaria episode in 1991-2004. But the highest median
antibody level was for individuals whose latest episode was in 2008, the
year of sample collection. These findings taken together suggest that
protective AMA1-specific malaria antibody remains stable at detectable
level for longer period but the level declines over time, though not
significantly. Similarly, Giha et al. [36] observed significantly lower
total IgG and subclass levels to Pf332-C231 in individuals exposed to
clinical malaria at least once compared to those unexposed. Although
in Ethiopia no information is yet available concerning the prevalence
and distribution of the commonly used (3D7) and other strains of
AMAL1 the relatively recently exposed individuals (from 2005-2007)
may have been exposed to other strains and produced antibodies that

were non-cross-reacting or weakly cross-reacting with 3D7 (the strain
used in the study). Conversely, the study participants might have been
exposed to highly cross-reactive strains and remained asymptomatic
during the study period though.

Antibodies to MSP2-3D7, MSP2-FC27 and GLURP-R2 may need
more boosting to be maintained as individuals who reported clinical
attacks had relatively higher and more stable responses in our study.
Alternatively, the reportedly exposed having higher overall response
to the two allelic variants of MSP2 may suggest that antibodies to
these antigens are less protective. However, in a seasonal and unstable
setting in the Gambia it was shown that antibodies to MSP2 did not
significantly fluctuate between transmission seasons in protected
adults [3].

Individuals who reported no past malaria episode but were
seropositive in the study might have been asymptomatically infected and
because of their higher response might have controlled parasitaemia.
Similar findings where documented in Brazil [18] Sudan [36] and both
in hypoendemic unstable transmission setting like the present one.

Figure 2c: Correlation between IgG level to MSP2-FC27 and age
(r=0.320, p<0.000).
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Figure 2d: Correlation between IgG level to GLURP-R2 and age
(r=0.189, p=0.004).
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The persistence of chronic low-grade asymptomatic infections with P.
falciparum among individuals in hypo endemic and unstable malaria
transmission has been reported [33]. Since most of the study population
have been permanently or for a long period of time residing in malaria
endemic areas, their chance of remaining uninfected was very unlikely.
Thus, some individuals might have induced and maintained protective
antibody and thereby were protected from secondary infections. Or
individuals in the group might have been sick sometime in the past but
failed to remember and report their episodes. In addition, there is some
limitation regarding the reliability of self-reported information. Some
individuals may fail to recall the number and date of clinical episodes
they experienced. However, it is likely that residents in endemic areas
acquire malaria immunity somehow in the past following their first
and second infections and then could report less episodes in the more
recent years or may not even be exposed to clinical attack at all.

Also, they might have been misdiagnosed (false-negative for
P. falciparum and were categorized among P. vivax positives).
Alternatively, they might have been genuinely P. falciparum-unexposed
but were P. vivax positive and because of cross-reaction they became
P. falciparum seropositive. This is likely that a significant number of
study populations reporting prior infection only with P. vivax were
seropositive for P. falciparum antigens [23,37]. Thus, undiagnosed
prior infection with P. falciparum or cross-reactivity of antibodies to the
two species in the past may explain why participants who reported no
episodes were seropositive. It might be just due to lower parasitaemia
and could not induce clinical disease.

Whatsoever the explanation might be, detecting reactive antibody
responses at a higher dilution (1:1000) in this group suggests that a
significant proportion of study participants had malaria-specific
antibodies that readily recognize blood-stage antigens of P. falciparum
in Ethiopia in the absence of detectable parasitaemia by microscopy.
Further, detection of high and comparable antibody positivity among
individuals who reported being exposed only once and among those
who had multiple episodes further suggests either sub-microscopic
level of persistent infection capable of boosting the immune response,
or simply the long-lived nature of antibody responses in the absence of
persistent infections or re-infection for some antigens. The possibility
of acquiring strong antibody levels following primary infection was
also reported [38].

The age-related pattern of antibody level to the different antigens
was also observed in other studies [34]. According to Tongren et al.
[39] increasing age (and therefore malaria exposure) leads to increasing
anti-MSP2 antibody prevalence and levels in more exposed individuals
than less exposed ones. Apart from age; the duration and intensity
of the infection, previous experience with the parasite strain, human
genetics, nutritional status, other infections, etc may complicate the
pattern of malaria immunity.

In the current study no significant difference between those who
reported multiple past self-reported episodes and who had only a
primary attack suggesting that previous experience (or cumulative
exposure) is less influential at least in the study population. The
duration of infection may be less important in antibody induction
and maintenance as most individuals tested had access to treatment
schemes which were made available through extensive network of
treatment posts in addition to regular campaigns of control efforts that
reduce man-mosquito contact and thus lower multiple infections and
make parasitaemia less. Vector control reduces the force of infection
and has implications for malaria immunity [40]. Further, the study
area is characterized by markedly unstable seasonal transmission. All

these factors are supposed to significantly reduce the duration as well
as intensity of infection. Participants were slide-negative and had no
clinical signs suggestive of malaria. Further, most had their most recent
episodes three years back in 2005, the year in which the last epidemic
occurred in the area. In spite of all these conditions that are perceived
to delay the acquisition and persistence of immune response, the study
evidenced significant antibody reactivity in most sera to most antigens
tested. The relatively lower OD values observed however fit into the
overall picture of low malaria transmission in the study area.

High IgG level was measured for relatively protected Liberian
adults and primarily infected Swedes patients demonstrating that
primary infection can result in antibody levels comparable to that
seen among residents of endemic areas [41]. This is in line with the
finding of the present study that people who reported malaria episode
only once had higher responses suggesting the protective role of the
antibodies. Further, when sera from individuals who experienced more
extensive exposure and those with lesser exposure to P. falciparum
were analyzed, no significant antibody titers were observed between
the two groups [5]. A study which revealed the development of age-
dependent acquired malaria immunity within a two-year period of
exposure in hyper endemic setting [42] corroborated this finding.
Similarly, antibody responses to MSP1 showed no significant difference
between individuals living in areas of low and high transmission of
seasonal malaria [43]. Additionally, age-dependent, but only after
brief exposure, development of malaria immunity was observed in a
transmigrant population, originated from malaria free area, in a hyper
endemic area [4]. In another study anti-MSP1 antibody was age- but
not exposure-dependent for development [44].

It was suggested that some intrinsic age-related factors influence the
development, and maintenance malaria immunity [45,46]. Similarly,
the age-related pattern of antibody response in the present study may
not reflect the effect of cumulative exposure to the parasite and as such
possible gradual maturation of the immune system. It rather suggests
the role of other intrinsic age-related factors in immune maturation.

Conclusions

A substantial number of individuals in the study area had
antibodies that recognize P. falciparum blood stage vaccine antigens,
MSP2-FC27 being the most frequently recognized. The extensive
correlation between IgG levels against different blood stage antigens
is an indication of cross-reactions and/or exposure of the study
populations to different strains of P. falciparum. The documentation
of antibody reactivity in slide-negative individuals with little history
of self-reported malaria episode implies that malaria antibodies can
be maintained detectable and in low transmission localities where
seasonality as well as scale up of control effort significantly reduced
transmission. This is not withstanding the potential importance of low-
grade asymptomatic submicroscopic infections in antibody duration.
The study gives some clue on the impact of transmission reduction,
via vector control, on the maintenance of protective malaria immunity.
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