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Abstract
Background: Variant surface antigens (VSA) expressed on the surface of Plasmodium falciparum-infected red blood
cells constitute a key for parasite sequestration and immune evasion. In distinct malaria pathologies, such as
placental malaria, specific antibody response against VSA provides protection. This study investigated the antibody
response specifically directed against VSA expressed by parasites isolated from individuals presenting a given type
of clinical presentation.
Methods: Plasma and isolates were obtained from four groups of Beninese subjects: healthy adults, patients
presenting uncomplicated malaria (UM), cerebral malaria (CM), or pregnancy-associated malaria (PAM). The
reactivity of plasma samples from each clinical group was measured by flow cytometry against parasites isolated
from individuals from each clinical group.
Results: Antibody responses against VSAUM were predominant in CM, UM and HA plasmas. When analysed
according to age in all plasma groups, anti-VSACM and -VSAUM antibody levels were similar until six years of age. In
older groups (6-18 and >19 years of age), VSAUM antibody levels were higher than VSACM antibody levels (P = .01,
P = .0008, respectively). Mean MFI values, measured in all plasmas groups except the PAM plasmas, remained low
for anti-VSAPAM antibodies and did not vary with age. One month after infection the level of anti-VSA antibodies
able to recognize heterologous VSACM variants was increased in CM patients. In UM patients, antibody levels
directed against heterologous VSAUM were similar, both during the infection and one month later.
Conclusions: In conclusion, this study suggests the existence of serologically distinct VSACM and VSAUM. CM
isolates were shown to share common epitopes. Specific antibody response to VSAUM was predominant,
suggesting a relative low diversity of VSAUM in the study area.

Background
In areas of intense Plasmodium falciparum transmission, protective immunity to malaria is gradually
acquired during childhood, leading to decreased susceptibility at adulthood. Immunological protection against
parasite blood stages is mainly antibody mediated [1,2].
Among protective antibodies are immunoglobulin G
antibodies with specificity for variant surface antigens
(VSA) expressed on the surface of P. falciparuminfected red blood cells (IRBC) [3]. Their level of
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expression increases with age, in relation to the endemicity of the area [4]. Clinical disease is thought to be the
consequence of infection by parasites expressing VSAs
that are not recognized by preexisting VSA-specific antibodies in the infected individual. Each new parasite
infection induces a variant-specific antibody response,
with specificity for the VSA expressed by the infecting
parasite [4-6]. Unfortunately, an immense level of diversity among the var genes was shown, although evidence
of geographic structuring of variation emerged in isolates causing pregnancy-associated malaria (PAM) [7].
PAM mostly occurs in primigravidae, as they lack antibodies against the particular variant parasite population
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adhering to the placenta, and expressing PAM-specific
VSAs [8,9]. Similarly, VSAs expressed by parasites isolated from children presenting with severe disease
(VSASM) were described as more commonly recognized
than VSA expressed by parasites isolated from children
with uncomplicated malaria (VSAUM), suggesting that
distinct serological groups are related to the clinical status of the infection [10-12].
VSAs contribute to the sequestration of IRBC in deep
organs via the binding to endothelial receptors. This
mechanism enables the parasites to avoid splenic clearance [13]. In PAM, IRBC expressing VAR2CSA (the
major VSA specifically expressed by PAM parasites)
adhere to the placenta [14,15]. Severe malaria leads to a
wide range of clinical symptoms categorized in cerebral
malaria (CM), severe malarial anaemia, and respiratory
distress [16,17]. The pathophysiology of CM includes
cytoadherence of IRBC to endothelial cells, and the
accumulation of IRBC in brain capillaries was displayed
by electron microscopy [17,18]. The implication of
cytoadherence in the two other severe malaria types is
not so obvious, although the occurrence of mixed clinical types of severe malaria is not rare. Our hypothesis
assumes that the clinical status of a malaria infection is
related to the specificity of the VSA expressed on the
IRBC. Although a limited number of studies have been
carried out to study antigenic variation in isolates
obtained in CM patients [11,19,20], VSACM , as a subgroup of VSASM, is likely to be relatively conserved due
to restricted functional specialization for high binding
capacities in brain capillaries. In the current study, the
antibody response specifically directed against VSA
expressed by parasites was investigated. Parasites were
isolated from a given type of clinical presentation, cerebral, uncomplicated, or pregnancy-associated malaria.

Methods
Study areas and patients enrolment

Patients were enrolled in Cotonou (6° 21’ 35’’ North, 2°
26’ 23’’ East) and Allada (6°39’52’’ North, 2°09’35’’ East)
in southern Benin over one malaria season (April to
September 2008). Allada is about 40 km north of Cotonou. In southern Benin, malaria is mesoendemic and
transmission is perennial (Damien et al., submitted).
The transmission level in Cotonou was characterized in
1992 by 33 infecting bites per man per year [21]. Severe
malaria mainly occurs during the rainy season (April to
mid-July). Cerebral malaria (CM) patients and pregnant
women were included in two health facilities in Cotonou, the National Hospital (CNHU, Centre national
hospitalo-universitaire) and the main maternity hospital
(HOMEL, hôpital mère-enfant de la lagune), respectively. Uncomplicated malaria (UM) patients were
enrolled in two schools located at Allada in children
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more than five years of age attending for school nurseries. Healthy adults (HA) were recruited in the blood
donation centre in CNHU. All patients were included
after written informed consent from themselves or their
guardian. Patients were managed by the medical team of
each health facility. An adequate anti-malarial treatment
was administered according to the national malaria
treatment policy. Ethical clearance was obtained from
the Institutional Ethics Committee of the Faculté des
Sciences de la Santé at the Université d’Abomey-Calavi
in Benin.
Clinical and biological diagnostic

Three groups of patients presenting distinct clinical
malaria status were enrolled: uncomplicated malaria
(UM), cerebral malaria (CM) and pregnancy-associated
malaria (PAM). Briefly, UM was defined as the combination of fever (tympanic temperature ≥ 37.8°C) or a
history of fever in the preceding 24 hours, confirmed
presence of P. falciparum infection, and absence of any
severity sign as defined by the WHO [22]. CM was
defined by a Blantyre score at diagnosis ≤ 2 combined
with a coma duration of six hours at least, and confirmed presence of P. falciparum infection with exclusion of other cause for coma, particularly meningitis.
PAM cases were obtained in pregnant women just
before delivery. Patients were all screened for malaria
infection by rapid diagnostic test for P. falciparum
(Malaria Quick test, Cypress Diagnostics, Langdorp, Belgique). A questionnaire was administered to the children’ guardian, or the pregnant women to collect social
data, clinical signs and treatment received before hospital admission.
Two additional groups of subjects were added as
plasma controls, healthy male adults (HA) living in
Cotonou, and non-immune healthy French volunteers
(NI) living in France and having never been exposed to
malaria. Peripheral venous blood sample (5 ml) was collected from all study individuals in vacutainer tubes
containing EDTA. Plasmodium falciparum infections
were confirmed by Giemsa-stained thick blood films,
and parasitaemia was quantified by counting against 200
leucocytes assuming a mean of 8,000 leucocytes per
millimeter of blood. Blood group was determined for
each blood sample. Plasmas were separated and frozen
from all subjects. Parasite isolates from all malariainfected patients with O blood group were frozen. Blood
count and lumbar puncture for meningitis diagnostic
were achieved for patients from the CM group.
Parasite isolates and in vitro maturation

Infected red blood cells obtained from patients with O
blood group were snap-frozen in a glycerolyte solution,
as described [23]. Twenty-six P. falciparum isolates
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from patients (7 in the CM group, 7 in the PAM group,
and 12 in the UM group) were frozen at -150°C. Cryopreserved IE were subsequently thawed and matured in
vitro for 24-36 hrs [24]. The multiplicity of infection
(MOI) was estimated by PCR typing of the polymorphic
regions of the genes encoding merozoite surface protein-1 (msp1) and merozoite surface protein-2 (msp2),
as described previously [25]. The MOI was estimated as
the largest number of alleles observed between the two
loci analysis.
Plasma samples

A total of 256 plasma samples were collected as follows:
127 samples were collected at the time of malaria diagnosis (D0), 41 from CM patients, 62 from UM patients,
and 24 from women with PAM. CM and UM patients
were also seen at convalescence (D30), 17 plasma samples were obtained in the CM group, and 62 in the UM
group. The high number of lost to follow up in the CM
group is mainly explained by the urban localization of
the children enrolled, and the difficulty to get them
back one month after a severe malaria attack. Two sets
of control plasmas were obtained from 44 healthy adults
(HA) living in Cotonou, and from six French volunteers
never exposed to malaria (NI).
Typing of VSA expression by flow cytometry

The fluorescence-activated cell sorter (FACS) analysis was
used for measurement of specific anti-VSA antibody, as
described before [26]. Briefly, thawed parasites were
matured to late stages (late trophozoites and schizontes)
24-36 hrs at 37°C in a candle jar, and enriched by exposure to a strong magnetic field (MACS, Miltenyi Biotec,
Paris, France). Aliquots of 2 × 105 IRBC in PBS-FCS 2%
were labeled with ethidium bromide (0.002 mg/ml) to
allow flow cytometric exclusion of remaining uninfected
erythrocytes, and with 100 μl of goat anti-human IgG FITC (IM1627, Beckman Coulter, Nyon, Switzerland).
Labeled IRBC were sequentially exposed to 5 μl of plasma.
Samples were analysed from a minimum acquisition of
5,000 IRBC using a Facscalibur cytometer (Becton Dickinson). The level of IgG recognizing VSAs was expressed as
mean fluorescence intensity (MFI) in the channel for ethidium bromide-labeled IRBC. Nonspecific labeling was
evaluated by analysis of uninfected (ethidium bromidenegative) erythrocytes. All plasma samples tested against a
particular parasite isolate were processed and analysed in
a single assay. NI plasmas samples were tested against all
isolates. However, due to limitations in amounts of IRBC
available, not all plasma samples were tested against all
parasite isolates (Table 1). To be able to compare VSA
IgG levels between isolates and plasma samples, the mean
plus two standard deviations of log MFI values obtained
with the six NI samples was subtracted to all log MFI
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Table 1 Number of isolate-plasma combinations analysed
by FACS.
Clinical type of isolate donors
Clinical type of plasma
donors

UM (n = 12)

CM (n = 7)

PAM (n = 7)

UM D0 (n = 62)

139

95

104

UM D30 (n = 62)

137

117

103

CM D0 (n = 41)
CM D30 (n = 17)

194
82

104
58

146
63

PAM (n = 24)

194

131

129

HA (n = 44)

183

120

134

UM, uncomplicated malaria; CM, cerebral malaria; PAM, pregnancy-associated
malaria;
HA, healthy adults; D0, Day of malaria diagnosis; D30, one month after
diagnosis.

values obtained with each isolate. The threshold for positivity was defined as two standard deviations above the
mean MFI from the six NI samples.
Statistical analysis

Data were analysed by using the Statview software programme. For analyses performed with data obtained the
day of diagnosis, data obtained with homologous
plasma/isolate pairs were excluded. The levels of antibody responders were compared using the c2 test. VSA
Ab recognition was evaluated by analysis of covariance
(ANCOVA), two-factor ANOVA, t-test and Wilcoxon
rank test for paired data. Clonality and msp family prevalence were compared between clinical groups by Kruskall-Wallis and Mann-Whitney U-tests. Spearman
correlation test was used to estimate MOI and parasite
density correlation. Values of P < 0.05 were considered
statistically significant.

Results
Clinical and biological categorization of patients

A total of 127 malaria-patients were enrolled. Three
groups of patients were identified as CM (n = 41), UM
(n = 62), and PAM (n = 24) patients, as well as one
group of 34 malaria-exposed healthy male adults (HA).
CM patients were between six months and seven years
of age with a mean (± SD) of 3.3 (± 1.7) years. UM
patients were aged 9.3 (± 2.1) years, PAM women were
aged 24.9 (± 6.4) years, and HA were aged 35.1 (± 8.9)
years. In PAM women, gravidity varied between 1 and 5
(mean 1.9 ± 1.2), 13 were primigravidae (PG) and 11
were multigravidae (MG). Parasitaemia was highly
diverse between and within groups: CM, median (interquartile range) of 32,653 (2,082 - 64,846) per μl of
blood; UM, 3,555 (516 - 16,285)/μl; PAM, 17,391 (400 88,379)/μl. Mean tympanic temperature (± SD) at inclusion was of 38.8 (± 1.2) for the CM patients, 37.2 (± .7)
in UM patients and 38.0 (± .9) in pregnant women.
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The CM patients were all comatose, admitted at hospital for at least two hours and presented a mean Blantyre score (± SD) of 1.8 ± 0.46 (min. 0, max. 2). The
coma lasted 2.5 days on average (min. 1, max. 9).
Meningitis was excluded for all children. Anaemia characterized the CM group with a mean haemoglobin level
of 6.6 g/L (± 1.5) and a mean hematocrit of 20.8 (± 4.5).
Erythrocytes count was low with 2.7 (± .6) T/L although
the mean globular volume and the mean haemoglobin
corpuscular content were normal. Respiratory distress
occurred in 4/39 (10.3%) children of the CM group.
Among the children suffering of CM, six died and five
came out of hospital without medical consent. At that
time among these five children, two presented a deep
coma, two a normal consciousness and the data was
missing for one.
The levels of clonality were similar whatever the clinical
origin of the isolates

Means (CI95%) for MOI were respectively 1.49 (0.6 3.6), 1.61 (0.6 - 3.1) and 1.83 (0.5 - 4.7) for CM, UM
and PAM isolates (P = .73 by Kruskall-Wallis test).
However, MOI increased with parasitaemia (P = .001,
rho = .307). The prevalence rates of the allelic families
for all isolates were 65%, 27% and 40% for the K1,
MAD20 and RO33 families of the msp1 locus, respectively, and 94% and 7% for the 3D7 and FC27 families
of the msp2 locus, respectively. Interestingly, PAM isolates presented a higher frequency for MAD20 and
FC27 alleles (48% and 23%, P = .04 and P = .009,
respectively), and a lower frequency for 3D7 alleles
(76.5%, P = .003) than other clinical groups of isolates.
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RO33 alleles were more frequent in UM isolates than in
other groups (P = .05).
The level of anti-VSA antibody reactivity varies with the
clinical origin of the isolates tested

The levels of anti-VSA antibody responders were compared against each type of isolates in plasmas of the different clinical groups of patients at the day of diagnosis.
Among CM, UM and HA plasma groups, these levels
were different between the three origins of isolates (see
Figure 1). CM and UM plasmas presented similar patterns of anti-VSA responses. Both plasma types were
greater antibody responders against VSAUM than against
both VSACM and VSAPAM (P < .05 for all, P = .0006 for
VSAUM versus VSAPAM in UM plasmas). In HA plasmas,
antibody responses against VSA UM were higher than
VSA PAM . The primigravidae (PG) plasmas contained
similar antibody responses to the different VSA types. In
multigravidae (MG) plasmas, responses were higher to
VSAUM than to VSACM. The levels of anti-VSAPAM antibody responders in MG and PG plasmas were similar.
The quantitative results are also available (see Additional
file 1), showing all the specific parasite/plasma combinations tested and including the non immune plasma used
as controls in the qualitative analysis.
Acquisition of anti-VSA antibodies with age varies with
the clinical origin of the isolates

The level of anti-VSA antibodies was analysed at different ages in all plasma groups, except for anti-VSAPAM
Abs that were measured only in UM, CM, and HA plasmas (Figure 2). Anti-VSAUM antibodies levels remained

Figure 1 Levels of specific antibody responders to VSACM, VSAUM and VSAPAM. Antibody response was measured in different plasma
groups against heterologous P. falciparum isolates identified by their clinical origin. CM: cerebral malaria, UM: uncomplicated malaria, HA: healthy
adults, PG: primigravidae, MG: multigravidae. Groups were compared by c2 test (** P < .005, * P < .05, ns. non significant).
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Figure 2 Mean levels of anti-VSA IgG in Beninese plasma with age, according to the type of isolate tested. The adjacent table specifies
the number of different plasma donors, isolates and the total combinations tested for each age group by type of isolate. For UM and CM
isolates, the plasma included come from CM, UM, PAM patients and healthy adults. For PAM isolates, the plasma analysed do not include
plasmas from PAM women. Error bars indicate standard errors. Homologous samples are not included in the analysis.

at baseline level until 6 years of age, then increased until
12. From that time, a plateau was reached and maintained until 54 with a mean MFI value around 3.5.
Overall, MFI levels for anti-VSAUM Abs increased with
age (ANCOVA, P < .0001). Anti-VSACM antibodies gradually increased until 18 years then decreased, although
values did not vary statistically. Mean MFI values
remained low for anti-VSAPAM Abs (max. 1.5) and did
not vary with age. VSAUM and VSACM antibody levels
were then compared according to three age groups:
until 6 years old, between 6 and 18, older than 18. Until
6 years old, levels were similar (t-test). In both other age
groups, VSAUM antibody levels were higher than VSACM
antibody levels (P = .01, P = .0008, respectively).
Evolution of anti-VSAUM, and anti-VSACM IgG during the
first month after infection: the CM isolates share some
VSAs

First, MFI values obtained in plasma samples the day of
diagnosis and one month later were compared. Plasmas

from the same patients were tested against the isolate
infecting these patients. For UM plasmas and UM isolates, 10 pairs of results were obtained with both D0
and D30 plasma samples for the homologous isolate. As
expected, the levels of anti-VSA UM antibodies had
increased at D30 (Wilcoxon rank test, P = .01). For CM
plasmas and CM isolates, only two pairs with both MFI
at D0 and D30 for the homologous isolate were available and both showed increased D30 values (see Table
2). Afterwards, the paired MFI values obtained at both
Day 0 and at Day 30 in UM or CM plasmas against all
UM or CM isolates, were compared, excluding homologous isolate-plasma pairs tested before (n = 125 UM,
n = 55 CM) (Figure 3). Interestingly, UM plasmas exhibited similar levels of anti-VSAUM antibodies at D0 and
one month later (panel A), whereas CM plasmas exhibited higher anti-VSACM antibodies levels at D30 (panel
C, P = .002). The same analysis was performed after
matching ages in UM and CM groups, i.e. with children
aged between five and seven years of age. Results were
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Table 2 Plasma recognition of homologous infecting
isolate at D0 and D30 for all cases tested at both days.
Plasma type

D0 MFI

UM*

1.0

D30 MFI
2.17

UM

2.26

69.16

UM
UM

1.01
1.12

1.71
6.49

UM

1.44

2.33

UM

2.22

11.44

UM

1.14

1.12

UM

12.39

100.77

UM

1.44

2.83

UM

1.0

1.0

CM*
CM

1.0
4.76

1.53
5.07

Values are mean fluorescence intensities (MFI) measured by flow cytometry.
*UM: uncomplicated malaria, CM: cerebral malaria

similar as before, anti-VSA antibodies significantly
increased at D30 in the CM plasmas (P = .033), but not
in the UM plasmas (P = .206). The same type of analysis
was performed to test the potential cross-acquisition of
anti-VSACM by UM patients after an UM infection, as
well as anti-VSAUM by CM patients after a CM infection. No difference was obtained between the antiVSACM antibody levels displayed at D0 and D30 by UM
plasmas (panel B). Conversely, anti-VSAUM antibodies
were higher in CM plasmas at D30 than at D0 (panel D,
P = .05). These results show that infection with an isolate of the CM group induced the acquisition of antibodies directed against other CM isolates, but also against
UM isolates. No such phenomenon was observed following infection with an isolate of the UM group.

Discussion
This study describes the levels of anti-VSA antibodies
displayed by plasmas from different clinical malaria status, uncomplicated, cerebral, or pregnancy-associated
malaria, and from healthy adults. The study took place
in Benin where malaria transmission level is mesoendemic. Falciparum malaria protective immunity is
acquired slowly, according to infections by new parasite
variants, until the repertoire of all parasite variants from
the area is recognized. Protective antibodies are partly
directed against parasite variant surface antigens (VSAs),
known to contribute to the cytoadherence of infected
erythrocytes to vascular endothelium. In CM and PAM,
cerebral capillaries and placenta respectively both concentrate preferentially the IRBC sequestration. In PAM,
the existence of a conserved adhesion phenotype in
selected parasite variants was proven [14,15]. However,
the existence of a specific type of variant surface antigens for cerebral malaria was not shown.
This study includes patient groups categorized by their
malaria disease, uncomplicated, cerebral or associated to
pregnancy. As the transmission level of the study area is
mesoendemic and perennial, these patient classes were
also different in age, particularly the CM and younger
group. Consequently, anti-VSA antibody responses measured in the CM group were lower compared to the
other plasma groups, due to their lesser exposition to
malaria. Previous studies showed a more frequent recognition of VSASM than VSAUM, and proposed the existence of rare and frequent falciparum variants [10,12].
In the present study, Figures 1 and 2 show inverse data.
VSA UM antibody responses were higher than VSA CM
antibody responses, although acquisition of both anti-

Figure 3 Acquisition of VSA-specific IgG during the month following P. falciparum infection in plasmas samples from UM (n = 121)
and CM (n = 56) patients. UM (A, B) or CM (C, D) plasma samples were tested against P. falciparum isolates from UM patients (A, D) or from
CM patients (B, C). Centerlines indicate medians, boxes indicate the 25th and 75th percentiles of data points, bars indicate the 10th and 90th
percentiles and circles are outliers. Differences are derived from the Wilcoxon rank test for paired comparisons. ns means non significant.
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VSA antibody types occurred at about 6 years old, as
shown in Figure 2. After the age of 6, levels of antiVSAUM antibodies increased and reached higher levels
than anti-VSACM. A high anti-VSA antibody response
may reflect three options: i) VSA epitopes are conserved,
ii) VSA epitopes are highly prevalent in the area, or iii)
VSA epitopes are highly antigenic. The previously cited
studies took place in Kenya and Ghana, where transmission intensity is much higher than in southern Benin.
These groups proposed that P. falciparum favours
VSA SM variants presenting optimal binding ability.
However, whether high virulence is advantageous for
parasite population survival is questionable. Indeed, the
foundations of parasitism involve the search for equilibrium between parasite and host, i.e. the survival of the
host to ensure long-term parasite proliferation. In our
understanding, the transmission level of the area allows
a certain level for parasite clonal diversity. The level of
anti-P. falciparum specific immunity certainly constitutes another factor influencing the parasite clonal diversity, as already suggested [27]. In the study area, the
prevalence of VSAUM antibody response compared to
VSACM may be explained by the balance between a relative conservation of VSAUM, or relative low clonal diversity, and the level of immunity of the patient groups
tested. Epidemiological, entomological and socio-cultural
factors that are area-specific are also likely to interfere
with clonal composition of P. falciparum parasite
population.
Importantly, VSA SM and VSAPAM are thought to be
more conserved than VSAUM, raising the hope for specific therapies targeting severe types of malaria. This
hypothesis can be argued as one month after infection
the level of anti-VSA antibodies able to recognize heterologous VSA CM variants had increased in CM patients
(Figure 3). Although the increase may be due to the disruption of immune complexes, this result shows that
VSA CM share common epitopes. CM patients in the
study were younger than UM patients, and had been
probably less exposed to malaria. Consequently, if the
infecting isolate was encountered for the first time by
CM patients, the VSA CM antibody levels logically
increased at D30, assuming that CM isolates share similar
VSA epitopes. In the UM group, the level of anti-VSAUM
did not increase one month after the initial infection.
These data show that the UM patients have already been
exposed to the different VSAUM and VSACM tested in the
experiment; it does not demonstrate that UM isolates do
not share epitopes. Interestingly, the plasmas tested one
month after CM infection also contained antibodies capable to recognize VSA UM epitopes. Such result was
already described with plasmas sampled 28 days after a
SM infection [20]. This means that UM and CM isolates
share some VSA. The data may also be interpreted by
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saying that finally VSACM and VSAUM do not differ. As
the cellular immune response is known to have critical
consequences during CM [28], the local response of the
host could constitute the major element that decides
whether CM will develop or not in a non- or semiimmune host. However, Figure 2 shows that the antibody
levels acquired with age differed according to the VSA
type tested. These data argue for the existence of serologically distinct VSA CM and VSA UM . Ultimately, one
hypothesis derives from these findings. The prevalence of
isolates presenting VCACM may be low in the study area,
although they share common epitopes. On the contrary,
the prevalence of VSAUM isolates may be much higher,
and VSAUM may not be highly diverse, resulting in a high
antibody response specific to anti-VSAUM after the age of
six.
As expected, CM, UM and HA plasmas weakly recognized VSA PAM isolates as shown in Figure 2. This is
explained by the rapid elimination of VSAPAM variants
by the spleen after delivery, once placenta is not present
anymore [29]. However, HA and UM plasmas were high
antibody responders for VSA PAM isolates (Figure 1).
These results suggest two hypothesis: i) PAM isolates
share common epitopes with non-PAM isolates; ii) their
presence in infecting isolates (before a rapid elimination)
allows a basal recognition in cytyometry experiments.
Additionally, the levels of antibody responses to VSAPAM detected in multigravidae plasmas were similar to
those measured in primigravidae plasmas. Like the low
anti-VSACM antibody response, this result is surprising
and suggests again a low prevalence for VSAPAM isolates
in the area.

Conclusion
In conclusion, this study suggests the existence of serologically distinct VSACM and VSAUM. CM isolates were
shown to share common epitopes. Specific antibody
response to VSAUM was predominant, suggesting a relative low diversity of VSAUM in the study area.
Additional material
Additional file 1: Aubouy-figureSUPPL-MalariaJ-revised version.
Supplementary figure. Detailed relative levels of VSA specific IgG to
heterologous P. falciparum isolates according to the clinical origin of the
P. falciparum isolates, and to the plasma group. Each dot represents a
specific plasma/parasite combination. Figures show all combinations
tested with CM isolates (A1, A2), UM isolates (B1, B2, B3), and PAM
isolates (C1, C2). UM: uncomplicated malaria, CM: cerebral malaria, PAM:
pregnancy-associated malaria, PG: primigravidae, MG: multigravidae.

Acknowledgements
We are thankful to all children and their parents, men and women for
cooperation. Pr Massougbodji is acknowledged for facilitation of the field
work. Pr Ayivi, Dr Sagbo and the team of doctors specializing in pediatrics,

Kheliouen et al. Malaria Journal 2010, 9:220
http://www.malariajournal.com/content/9/1/220

are thanked for help in paediatric management. Thanks to Dr Faucher, Dr
Fievet, and Dr Soulard for their help in the recruitment of the UM and PAM
patients. This study received financial support from the « Schéma directeur
de lutte contre le paludisme de l’Etat Major des Armées » (Ministry of
Defense), France.
Author details
1
Institut de Recherche pour le Développement (IRD) UMR216, Mother and
Child faced with tropical infections Unit, Paris, 75006, France. 2Université
Paris Descartes, Faculté de Pharmacie, Paris, 75270, France. 3UMR216 IRD,
Cotonou, Benin. 4Paediatric Department, Centre National HospitaloUniversitaire (CNHU), Cotonou, Benin. 5Unité de recherche en biologie et
épidémiologie parasitaires, Institut de Recherche Biomédicale des Armées Antenne de Marseille & Unité de recherche en maladies infectieuses et
tropicales émergentes, UMR6236, Marseille, France. 6Département des
Sciences Biologiques, Faculté de Médecine et des Sciences Pharmaceutiques,
Université de Douala, BP2701, Douala, Cameroun.

Page 8 of 8

13.

14.

15.

16.

17.
Authors’ contributions
AA, PD and NTN conceived the study and experiments. NK, FV and AA
carried out the experiments, except for msp1 and msp2 study, which was
carried out by CR and ECEM. FL organized and supervised the children
enrolment and treatment in hospital. AA, PD and NK wrote the manuscript.
All authors helped to finalize the manuscript, read and approved the final
draft.
Competing interests
The authors declare that they have no competing interests.

18.

19.

20.

Received: 26 April 2010 Accepted: 27 July 2010 Published: 27 July 2010
References
1. Cohen S, McGregor IA, Carrington S: Gammaglobulin and acquired
immunity to human malaria. Nature 1961, 192:733.
2. Bouharoun-Tayoun H, Attanath P, Sabchareon A, Chongsuphajaisiddhi T,
Druilhe P: Antibodies that protect humans against Plasmodium
falciparum blood stages do not on their own inhibit parasite growth
and invasion in vitro, but act in cooperation with monocytes. J Exp Med
1990, 172:1633.
3. Bull PC, Lowe BS, Kortok M, Molyneux CS, Newbold CI, Marsh K: Parasite
antigens on the infected red cell are targets for naturally acquired
immunity to malaria. Nature Med 1998, 4:358-360.
4. Ofori MF, Dodoo D, Staalsoe T, Kurtzhals JAL, Koram K, Theander TG,
Akanmori BD, Hviid L: Malaria-induced acquisition of antibodies to
Plasmodium falciparum variant surface antigens. Infect Immun 2002,
70:2982-2988.
5. Giha HA, Staalsoe T, Dodoo D, Elhassan IM, Roper C, Satti GM, Arnot DE,
Theander TG, Hviid L: Nine-year longitudinal study of antibodies to
variant antigens on the surface of Plasmodium falciparum infected
erythrocytes. Infect Immun 1999, 67:4092-4098.
6. Kinyanjui SM, Bull P, Newbold CI, Marsh K: Kinetics of antibody responses
to Plasmodium falciparum-infected erythrocyte variant surface antigens.
J Infect Dis 2003, 187:667-674.
7. Barry AE, Leliwa-Sytek A, Tavul L, Imrie H, Migot-Nabias F, Brown SM,
McVean GA, Day KP: Population genomics of the immune evasion (var)
genes of Plasmodium falciparum. PLoS Pathog 2007, 3:e34.
8. Brabin BJ: An analysis of malaria in pregnancy in Africa. Bull World Health
Organ 1983, 61:1005-1016.
9. Steketee RW, Breman JG, Paluku KM, Moore M, Roy J, Ma-Disu M: Malaria
infection in pregnant women in Zaire: the effects and the potential for
intervention. Ann Trop Med Parasitol 1988, 82:113-120.
10. Bull PC, Lowe BS, Kortok M, Marsh K: Antibody recognition of Plasmodium
falciparum erythrocyte surface antigens in Kenya: evidence for rare and
prevalent variants. Infect Immun 1999, 67:733-739.
11. Bull PC, Kortok M, Kai O, Ndungu F, Ross A, Lowe BS, Newbold CI, Marsh K:
Plasmodium falciparum-infected erythrocytes: agglutination by diverse
Kenyan plasma is associated with severe disease and young host age. J
Infect Dis 2000, 182:252-259.
12. Nielsen MA, Staalsoe T, Kurtzhals JAL, Goka BQ, Dodoo D, Alifrangis M,
Theander TG, Akanmori BD, Hviid L: Plasmodium falciparum variant
surface antigen expression varies between isolates causing severe and

21.

22.
23.

24.

25.

26.

27.

28.

29.

non-severe malaria and is modified by acquired immunity. J Immunol
2002, 168:3444-3450.
David PH, Hommel M, Miller LH, Udeinya IJ, Oligino LD: Parasite
sequestration in Plasmodium falciparum malaria: spleen and antibody
modulation of cytoadherence of infected erythrocytes. Proc Natl Acad Sci
USA 1983, 80:5075-5079.
Salanti A, Staalsoe T, Lavstsen T, Jensen AT, Sowa MP, Arnot DE, Hviid L,
Theander TG: Selective upregulation of a single distinctly structured var
gene in chondroitin sulphate A-adhering Plasmodium falciparum
involved in pregnancy-associated malaria. Mol Microbiol 2003, 49:179-191.
Salanti A, Dahlbäck M, Turner L, Nielsen MA, Barfod L, Magistrado P,
Jensen AT, Lavstsen T, Ofori MF, Marsh K, Hviid L, Theander TG: Evidence
for the involvement of VAR2CSA in pregnancy-associated malaria. J Exp
Med 2004, 200:1197-1203.
Marsh K, Forster D, Waruiru C, Mwangi I, Winstanley M, Marsh V, Newton C,
Winstanley P, Warn P, Peshu N, Pasvol G, Snow R: Indicators of lifethreatening malaria in African children. N Engl J Med 1995, 332:1399-1404.
Newton CR, Taylor TE, Whitten RO: Pathophysiology of fatal falciparum
malaria in African children. Am J Trop Med Hyg 1998, 58:673-683.
Taylor TE, Fu WJ, Carr RA, Whitten RO, Mueller JS, Fosiko NG, Lewallen S,
Liomba NG, Molyneux ME: Differentiating the pathologies of cerebral
malaria by postmortem parasite counts. Nat Med 2004, 10:143-145.
Tebo AE, Kremsner PG, Piper KP, Luty AJ: Low antibody responses to
variant surface antigens of Plasmodium falciparum are associated with
severe malaria and increased susceptibility to malaria attacks in
Gabonese children. Am J Trop Med Hyg 2002, 67:597-603.
A-Elgadir TM, Theander TG, Elghazali G, Nielsen MA, A-Elbasit IE, Adam I,
Troye-Blomberg M, Elbashir MI, Giha HA: Determinants of variant surface
antigen antibody response in severe Plasmodium falciparum malaria in
an area of low and unstable malaria transmission. Scand J Immunol 2006,
63:232-240.
Akogbegto M: Entomological study on the malaria transmission in
coastal and lagoon areas: the case of a village built on a brackish lake.
Ann Soc Belg Med Trop 1995, 75:219-227.
World Health Organization: Severe falciparum malaria. Trans R Soc Trop
Med Hyg 2000, 94(Suppl 1):S1-90.
Giha HA, Staalsoe T, Dodoo D, Elhassan IM, Roper C, Satti GMH, Arnot DE,
Hviid L, Theander TG: Overlapping antigenic repertoires of variant
antigens expressed on the surface of erythrocytes infected by
Plasmodium falciparum. Parasitology 1999, 119:7.
Haeggström M, Kironde F, Berzins K, Chen Q, Wahlgren M, Fernandez V:
Common trafficking pathway for variant antigens destined for the
surface of the Plasmodium falciparum-infected erythrocyte. Mol Biochem
Parasitol 2004, 133:1-14.
Rogier C, Pradines B, Bogreau H, Koeck JL, Kamil MA, Mercereau-Puijalon O:
Malaria epidemic and drug resistance, Djibouti. Emerg Infect Dis 2005,
11:317-321.
Staalsoe T, Giha HA, Dodoo D, Theander TG, Hviid L: Detection of
antibodies to variant antigens on Plasmodium falciparum-infected
erythrocytes by flow cytometry. Cytometry 1999, 35:329-336.
Recker M, Nee S, Bull PC, Kinyanjui S, Marsh K, Newbold C, Gupta S:
Transient cross-reactive immune responses can orchestrate antigenic
variation in malaria. Nature 2004, 429:555-558.
Combes V, El-Assaad F, Faille D, Jambou R, Hunt NH, Grau GER:
Microvesiculation and cell interactions at the brain-endothelial interface
in cerebral malaria pathogenesis. Progress Neurobiol 2010, 91:140-151.
Roberts DJ, Biggs B-A, Brown G, Newbold CI: Protection, pathogenesis and
phenotypic plasticity in Plasmodium falciparum malaria. Parasitol Today
1994, 9:281-286.

doi:10.1186/1475-2875-9-220
Cite this article as: Kheliouen et al.: Plasmodium falciparum parasites
causing cerebral malaria share variant surface antigens, but are they
specific? Malaria Journal 2010 9:220.

