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High plasma levels of HLA-G are associated with
low birth weight and with an increased risk of
malaria in infancy
Ibrahim Sadissou1,2,3,4, Tania d’Almeida1,2, Gilles Cottrell1,2,4, Adrian Luty1,2,4, Irène Krawice-Radanne5,
Achille Massougbodji1, Philippe Moreau5, Kabirou Moutairou3, André Garcia2,4, Benoit Favier5,
Nathalie Rouas-Freiss5 and David Courtin1,2,4*
Abstract

Background: The immunosuppressive properties of HLA-G protein can create a tolerogenic environment that may
allow Plasmodium falciparum to avoid host immune responses. There are known associations between high levels
of circulating soluble HLA-G (sHLA-G) and either parasite or viral infections and it has been suggested that the
induction of sHLA-G expression could be a mechanism via which infectious agents subvert host immune defence.
The study presented here is the first to investigate the possible association between sHLA-G and malaria or malaria
related risk factors in Benin.

Methods: A parasitological and clinical follow-up of 165 mothers and their newborns from delivery through to one
year of age was conducted in the Tori Bossito area of southern Benin. Plasma levels of sHLA-G were determined by
ELISA in maternal peripheral and cord blood and again in infants' peripheral blood at 3, 6, 9 and 12 months of age.
The associations between the levels of sHLA-G and malaria risk factors were investigated through multivariate
mixed models.

Results: Strong correlations were observed between the maternal and cord plasma concentrations of sHLA-G. In
multivariate analyses, high cord plasma levels of sHLA-G were independently associated with (i) low birth weight
and (ii) an increased risk of P. falciparum infection in infancy.

Conclusion: These results show for the first time the possible involvement of sHLA-G in generating immune
tolerance during pregnancy-associated malaria. Soluble HLA-G may represent a useful marker of susceptibility to
malaria in infants and be associated with the higher susceptibility to infection observed for LBW children.
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Background
Human Leucocyte Antigen-G (HLA-G) is a non-classical
HLA class I antigen that differs from other HLA class I
molecules by its limited polymorphism, its restricted tissue
distribution and the characteristics of its protein expres-
sion. Seven protein isoforms can be generated from
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alternative splicing, comprising four membrane-bound iso-
forms (HLA-G1, −G2, −G3, and -G4) and three soluble
isoforms (HLA-G5, −G6, and -G7). A soluble form
of HLA-G1 can be generated by proteolytic cleavage of
membrane-bound HLA-G1. The main isoforms present in
plasma are shed HLA-G1 and secreted HLA-G5 proteins.
HLA-G plays a crucial role in immune tolerance and

differs from HLA class I molecules in its negative immu-
noregulatory functions and its interactions with leukocyte
immunoglobulin-like inhibitory receptors ILT2 and ILT4
or killer cell immunoglobulin-like receptor (KIR2DL4)
that are expressed on a range of immune cells [1,2]. The
crucial role played by both membrane-bound and soluble
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HLA-G molecules in modulating immune responses can
be beneficial or detrimental [1]. Secretion of sHLA-G by
the early conceptus appears to be essential for successful
implantation, and it has been used as a reliable marker of
an increased chance of successful pregnancy following
in vitro fertilization [3,4]. Moreover, HLA-G expression by
trophoblasts has been demonstrated to protect the fetus
from maternal immune rejection [5]. HLA-G is also asso-
ciated with progression of tumours [6,7] and viral infec-
tions [8,9]. To facilitate their spread in the host, some
viruses and parasites purportedly induce changes in the
level and distribution of HLA-G thereby suppressing the
function of various immune cells [10-13].
Plasmodium falciparum malaria is endemic especially

in the tropical areas, of Africa. Malaria due to P. falcip-
arum infection during pregnancy is associated with a
range of poor outcomes including low birth weight
[14,15]. Moreover children born to mothers with placen-
tal infection seem to be themselves more susceptible to
malaria during the first months of life [16-18]. This sus-
ceptibility has been related to disturbances of immune
development in utero leading to immune tolerance [19].
In the context of pregnancy-associated malaria, it has
been reported that the percentage of trophoblasts express-
ing membrane-bound HLA-G was lower in placentas
infected with P. falciparum compared with uninfected pla-
centas, suggesting that HLA-G down-regulation may be
involved in the poor birth outcomes associated with P. fal-
ciparum infection [20]. The levels of sHLA-G in biological
fluids were not quantified in that study.
Possible associations between malaria and sHLA-G

have not been explored to date. Here, the immunosup-
pressive properties of sHLA-G might contribute to an
individual's susceptibility to malaria and this study inves-
tigates this possible association in pregnant Beninese
and their offspring.

Methods
Study design
This cohort study was conducted in Tori Bossito area,
located 40 km north-east of Cotonou in southern Benin,
from June 2007 to January 2010, evaluating the determi-
nants of malaria incidence in the first months of life.
Women (n = 620) were enrolled at delivery and their in-
fants were actively followed-up during the first year of
life. Among them, 165 infants were selected according
to the placental malaria status of the mother and to the
availability of plasma for sHLA-G quantification at deliv-
ery (maternal and cord blood), and at 3, 6, 9 and 12
months. One group comprised all the mother/infant
pairs associated with an infected placenta (n = 51), whilst
a second group comprised 114 mother-infant pairs se-
lected randomly amongst infants born to mothers with
uninfected placentas. Details of the follow-up procedures
have been published elsewhere [18]. They are summa-
rized in the following section.

Data collection
At delivery, a questionnaire was conducted to gather in-
formation on women’s characteristics and on the course
of their current pregnancy. After delivery, thick and thin
placental blood smears were examined to detect placen-
tal infection defined by the presence of asexual forms of
P. falciparum. Smears were read by two technicians and
in case of discordance a third reading was performed by
a senior biologist.
At birth, newborn’s weight and length were measured

by midwives and gestational age was estimated using the
Ballard method [21]. During the follow-up of infants,
axillary temperature was measured weekly with a digital
thermometer by community health workers. In case of
temperature higher than 37.5°C, mothers were told to
bring their children to the health centre where a ques-
tionnaire was filled out. A rapid diagnostic test (RDT)
for malaria was performed and a thick blood smear
(TBS) made. TBSs were read by two laboratory techni-
cians (less than 1% disagreement). Symptomatic malaria
cases, defined as fever (>37.5°C) with TBS and/or RDT
positive, were treated with an artemisinin-based com-
bination therapy as recommended by the Benin National
Malaria Control Programme. Mothers were invited to
bring their infants to the health centre at any time for free
care in case of fever or clinical signs, and the same proto-
col was applied. Systematically, TBS were made every
month to detect asymptomatic infections. Every three
months, venous blood was sampled to quantify the level
of sHLA-G. Finally, the environmental risk of exposure to
malaria was modelled for each child, derived from a statis-
tical predictive model based on climatic, entomological
parameters, and characteristics of children’s immediate
surroundings as reported by Cottrell et al. [22].

Soluble HLA-G Quantification
Soluble HLA-G concentrations were evaluated by a spe-
cific sandwich ELISA in plasma using MEM-G/9 [23] and
anti-human β2-microglobulin as capture and detection
antibodies respectively [24]. Microtitration plates (Corning
Incorporated, USA) were coated overnight at 4°C with
10 μg/mL MEM-G/9 Mouse-anti-human HLA-G mAb
(ExbioPraha, Czech Republic). Plates were saturated
using 300 μl diluent buffer (DAKO, USA) ready to use
for 2 h. All samples were previously centrifuged and pre-
diluted (½) in diluent buffer. Plasma samples were tested
in duplicate and incubated for 2 h. Plates were incubated
for 1 h more with detection antibody (Rabbit-anti-human
β2-microglobulin: (DAKO, USA)). Then the plates were
incubated for 1 h with envision buffer (DAKO, USA)
to obtain anti-β2-microglobulin horseradish peroxidase
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complex aimed to improve the efficiency of the reaction.
All incubation steps were performed at room temperature
and followed by four washes using washing buffer (H2O,
PBS 1X, 0.1% Tween 20). The plates were incubated for
30 min with the substrate (Tetramethylbenzidine (TMB),
Sigma Aldrich, USA) and absorbance was measured at
490 nm after adding HCL (1 N). Total sHLA-G levels
were determined from a five-point standard curve (12.5-
200 ng/ml) using dilutions of calibrated HLA-G5 purified
from M8-HLA-G5 cell line culture supernatant and re-
sults were expressed as ng/mL.

Statistical analysis
Due to the skewed distribution of values, a logarithmic
transformation was applied to sHLA-G levels. All subse-
quent analyses were performed using the log trans-
formed sHLA-G level, defined as sHLA-G variable.
Univariate and multivariate analyses were performed to

identify the different factors associated with the sHLA-G
levels in maternal peripheral and cord blood.
The relationships between the levels of sHLA-G at a

given quarterly visit and the occurrence of malaria epi-
sodes in the previous trimester were determined. For this
first objective, the relationship between the dependent
variable (sHLAG) and the number of malaria episodes
during the previous trimester was analysed using a linear
mixed model.
The study was also interested in determining whether

the level of sHLA-G at a quarterly measurement was as-
sociated with the risk of developing malaria during the
following trimester. For this second objective, the relation-
ship between the number of infections at each trimester
(dependent variable) and the sHLAG level at the corre-
sponding quarterly visit was studied through a Poisson
mixed model. The sHLA-G level was used quantitatively
or categorized into four classes according to the quartiles,
and then adjacent classes were grouped if they showed
similar results in the final regression model.
All analyses were adjusted on maternal and newborn’s

covariates: The maternal covariates were: age (years),
placental malaria infection, gravidity, administration of
intermittent preventive treatment against malaria in preg-
nancy (IPTp), ethnicity group and village of residence.
The newborn covariates were: age (months), birth weight
(low birth weight (LBW) if <2500 g), gender, prematurity,
malaria episodes by trimester, and environmental risk of
exposure to malaria (RE).
All variables with p value below 0.20 in univariate

analysis were initially introduced into the multivariate
model. The final multivariate model was selected through
a backward procedure, and only covariates with a p-value
below 0.05 were kept. Malaria episodes (when treated as
the explanatory variable in the first approach), sHLA-G
(when treated as the explanatory variable in the second
approach), placental malaria and environmental risk of ex-
position to malaria were forced in the final models. All
analyses were performed using Stata v.11.

Ethics
The study protocol was approved by the University of
Abomey-Calavi’s institutional review board and the IRD’s
Consultative Ethics Committee. All women signed in-
formed consent before enrolment and were able to with-
draw their consent at any time.

Results
Characteristics of study participant
The mean age of mothers was 26.5 years (SD = 6.3; range:
16–49); 19.7% were primigravidae and 86.2% declared
having received an intermittent preventive treatment (at
least one dose of sulphadoxine-pyrimethamine); 51 had an
infected placenta at delivery. Newborn’s mean birth weight
was 3001.4 g (SD = 413.9; range = 2147.5-4370.0), and
7.8% of them had a low birth weight (<2,500 g) (Table 1).
The total number of P. falciparum infections before 12
months was 143 (range =1-4 infections/newborn) with
109 symptomatic infections (with fever). For 22 of the in-
fants no parasites were detected at any time during the 12
months of follow-up.
Soluble HLA-G was detectable in 78.2% of the mater-

nal plasma samples (129/165) at delivery. Overall, the
average level of sHLA-G in maternal blood was 19.2 ng/
mL (SD =25.6, range = 0-132.2). In the 129 mothers with
detectable levels of sHLA-G at delivery, the mean level
was 24.4 ng/mL (SD = 26.5, range = 0.11-132.2). At birth,
the average level of sHLA-G in cord blood was 16.3 ng/mL
(SD = 26.8, range = 0-128.5) and 60.0% of children
(99/165) had detectable sHLA-G (27.0 ng/mL (SD= 30.0,
range = 0.75-128.5). Levels of sHLA-G were highly cor-
related (r = 0.74; p = 10−3) in maternal and cord blood
samples. The mean level in the maternal blood (19.2 ±
25.6 ng/mL) was significantly higher than in the cord
blood (16.3 ± 26.8 ng/mL) (Student paired test; p = 10−4).
In the first year of life the mean level of sHLA-G in

infants varied over time (Figure 1). This level decreased
from birth to three months, then increased until nine
months before stabilizing until twelve months.

Soluble HLA-G in maternal blood at delivery
Univariate analyses showed sHLA-G level in mother’s
blood to be significantly positively associated (p < 10−3)
with the level in cord blood, whereas IPTp was associated
with a lower level (p = 0.014). Ethnic group (p = 0.10) was
included in multivariate analysis. Although non-significant,
placental malaria infection (p = 0.39) was forced in multi-
variate analyses. Multivariate analysis confirmed these as-
sociations, except that belonging to “other ethnic groups”
became significantly associated with a higher level of



Table 1 Characteristics of mothers and infants included in
the study

MOTHERS (165)* Variables Characteristics

Age (years) Mean: 26.5 (+/−6.3)

Range: 16 – 49

Gravidity Primigravidity: 19.74% (30)

Mutligravidity: 80.26% (122)

Ethnicity Tori: 35.33% (98)

Fon: 10.00% (15)

Others**: 24.67% (37)

IPTp*** Yes: 86.18% (131)

No: 13.82% (21)

sHLA-G in
maternal blood

Detectable: 78.66% (129)

Undetectable: 21.34% (35)

Villages**** Avamè: 29.39% (31)

Gbèdjougo: 13.16% (20)

Houngo: 9.87% (15)

Anavié: 5.26% (8)

Dohiko: 12.50% (19)

Gbétaga: 8.55% (13)

Cada: 13.82% (21)

Zebè: 6.58% (10)

Zoungoudo: 9.87% (15)

NEWBORNS
(165)

Birth weight (grams) Mean: 3001.4 (+/−413.9)

Range: 2147.5 - 4370.0

Low birth weight
(<2500 g)

Yes: 7.84% (12)

No: 92.16% (141)

Sex (Female/male) Female: 53.33% (88)

Male: 46.67% (77)

Prematurity Yes: 12.42% (19)

No: 87.58% (134)

sHLA-G in blood cord Detectable: 60.37% (99)

Undetectable: 39.63% (65)

*All the mothers included in the study were HIV negative; **Different ethnicity
groups were considered in the area study: Tori, Fon (majority ethnicity groups)
and Aïzo, Yoruba (minority ethnicity groups); ***IPTp: Intermittent Preventive
Treatment (sulphadoxine-pyrimethamine): treatment recommended by the
Benin National Malaria Control Program during pregnancy; ****Nine villages
are considered in the Tori Bossito (South Benin) area for this study.
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Figure 1 Mean levels of sHLA-G from birth (cord blood) to one
year old (3, 6, 9, 12 months).

Table 2 Factors associated with the levels of sHLA-G in
maternal blood at delivery using linear multivariate
regression

Covariates Estimation 95% CI p-value

Ethnicity group Tori (n = 94)

Fon (n = 15) 0.13 −0.57; 0.84 0.70 0.035

Other groups
(n = 35)

0.66 0.16; 1.15 0.01

IPTp No (n = 21)

Yes (n = 123) −0.70 −1.29; −0.10 0.02

sHLA-G in
cord blood

Continuous
(n = 144)

0.37 0.24; 0.50 <10−3

Estimation represents regression coefficients which can be positive or
negative. Regression coefficients measure the increase (positive value) or
decrease (negative value) of the dependent variable (level of sHLA-G in
maternal blood at delivery) due to the presence of the independent ones.
Covariates included in linear multivariate regression were ethnicity group,
Intermittent Preventive Treatment, sHLA-G quantification in cord blood and
placental infection. Information concerning the four covariates was available
for 144 mothers. Covariates with significant p values were presented in
the Table 2.
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sHLA-G in mothers (p = 0.03). Placental malaria infection
remained non-significant (Table 2).

Soluble HLA-G in cord blood at birth
In univariate analyses, high levels of sHLA-G in maternal
blood (p < 10−3) and LBW (p = 0.02) were significantly as-
sociated with a higher level of sHLA-G in cord blood. This
was confirmed by multivariate analysis, whereas placental
malaria infection was not related to sHLA-G in cord
blood (Table 3).
Soluble HLA-G during the first year of life and malaria
infection
Univariate analyses showed that sHLA-G in infants' blood
during the follow-up was significantly associated with age
(p < 10−3), with the village of residence (p = 0.035), and
with a high level of sHLA-G both in maternal (p < 10−3)
and in cord blood (p < 10−3). LBW was also associated
with a high level of sHLA-G both in cord (p = 0.04) and in
peripheral blood during the first year of life (p = 0.004).
Malaria infections occurring during the trimester pre-
ceding blood samples and placental malaria infection
were not related to sHLA-G. In the multivariate linear
mixed model, age, LBW, environmental risk of malaria
and sHLA-G in cord blood were significantly associated
with a high level of sHLA-G (Table 4).



Table 3 Factors associated with the level of sHLA-G in
cord blood at birth using linear multivariate regression

Covariates Estimation 95% CI p-value

HLA-G in maternal
blood

No (n = 32)

Yes (n = 120) 1.23 0.72; 1.90 <10−3

Low birth weight No (n = 140)

Yes (n = 12) 0.73 0.04; 1.83 0.040

Estimation represents regression coefficients which can be positive or
negative. Regression coefficients measure the increase (positive value) or
decrease (negative value) of the dependent variable (level of sHLA-G in cord
blood at birth) due to the presence of independent ones. Covariates included
in linear multivariate regression were sHLA-G quantification in maternal blood,
low birth weight and placental infection. Information concerning the three
covariates was available for 152 infants. Covariates with significant p values
were presented in the Table 3.
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First of all we explored the association between soluble
HLA-G in cord blood and the risk of malaria infection.
The risk of malaria infection during the follow-up (1.158,
CI 95 [0.698 – 1.921]) did not vary significantly (P = 0.569)
between children with no detectable soluble HLA-G at
birth and others.
Secondly we explored the same association taking into

account the quarterly measurements of soluble HLA-G.
In univariate analyses, the Poisson mixed model showed
that a high environmental exposure to malaria (p = 10−3)
and age (p = 10−3) were significantly associated with an
increased risk of malaria. Moreover, a significant associ-
ation (p = 0.016) was detected between the level of sHLA-
G at a quarterly measurement and the appearance of mal-
aria in the following months. LBW and placental malaria
were not associated with an increased risk of malaria
during the first year of life. The multivariate analyses con-
firmed these results, although the sHLA-G variable be-
came marginally significant (0.06), and only the highest
Table 4 Factors associated to the level of sHLA-G in periphera
mixed regression

Covariates E

Environmental
risk

Very low ≤0.66 (n = 93)

Low]0.66-1.85] (n = 109)

Median]1.85-4.81] (n = 95)

High >4.81 (n = 100)

sHLA-G in cord blood Continuous (n = 397)

Low birth weight No (n = 369)

Yes (n = 28)

Age of infant (months) 3 (n = 100)

6 (n = 103)

9 (n = 100)

12 (n = 94)

Estimation represents regression coefficients which can be positive or negative. Reg
value) of the dependent variable (level of sHLA-G in peripheral blood in the first ye
linear multivariate mixed regression were environmental risk, sHLA-G quantification
trimester preceding blood draws and placental infection. Covariates with significant
sHLA-G levels were strictly significantly related to an
increased risk of malaria during the following trimester
(p = 0.02) (Table 5).

Discussion
This study is the first to investigate the association of
soluble HLA-G and malaria in pregnant women and
newborns. Children born to a mother with an infected
placenta have an increased risk of malaria and/or para-
sitaemia during the first months of life [16-18,25,26] and
it has been conjectured that placental infection with P. fal-
ciparum may alter infants’ immunological responses and
be responsible for an immune tolerance phenomenon
[25]. A recent study showed that placental P. falciparum
infection was also a risk factor for non-malarial infections
in infancy [27] strengthening the hypothesis that immune
tolerance may be not specific to malaria but may be gener-
alized to involve multiple pathogens. Among the proteins
that may be involved in a phenomenon of immune toler-
ance, sHLA-G could play a crucial role since it has been
described as one of the factors most relevant to the im-
mune tolerance present in several domains including
organ transplantation and cancer, but also infectious
diseases [1]. The principal results of the present study
showed that (i) high level of sHLA-G in infants in-
creased the risk of malaria, (ii) high levels of sHLA-G in
cord blood was associated with low birth weight, (iii)
sHLA-G levels in maternal peripheral blood at delivery
were highly correlated with sHLA-G in cord blood.
HLA-G modulates host immune response via interac-

tions with its inhibitory receptors that are expressed on
the surface of NK cells, T and B lymphocytes, monocytes,
dendritic cells and neutrophils, and could thus play a role
in susceptibility to infectious diseases. To date, only three
l blood in the first year of life using linear multivariate

stimation 95% CI p-value

0.41 0.13; 0.70 0.005

0.32 0.03; 0.61 0.032 0.032

0.36 0.04; 0.67 0.026

1.13 0.73; 1.53 <10−3

1.03 0.31; 1.75 0.005

0.30 0.04; 0.56 0.023

0.76 0.49; 1.03 <10−3 <10−3

0.79 0.52; 1.07 <10−3

ression coefficients measure the increase (positive value) or decrease (negative
ar of life) due to the presence of independent ones. Covariates included in
in cord blood, Low birth weight, age, malaria infection occurring during the
p values were presented in the Table 4.



Table 5 Factors associated to the number of malaria infections in the first year of life, Tori-Bossito, 2007–2010:
multivariate mixed regression of Poisson

Covariates Incidence ratio 95% IC p-value

Environmental risk Low ≤0.66 (n = 114) 1

Median]0.66-4.81] (n = 219) 2.14 1.15; 3.98 0.016 <10−3

High >4.81 (n = 96) 6.89 3.50; 13.57 <10−3

sHLA-G level in peripheral blood of infant Null (n = 217) 1

Low (n = 170) 1.07 0.65; 1.77 0.775 0.06

High (n = 42) 2.29 1.12; 4.66 0.022

Age of infant (month) 3 (n = 139)

6 (n = 95) 2.26 1.19; 4.27 0.012 <10−3

9 (n = 99) 4.06 2.27; 7.28 <10−3

12 (n = 96) 2.76 1.56; 4.89 <10−3

Covariates included in multivariate mixed regression of Poisson were environmental risk, sHLA-G quantification in peripheral blood of infant, age, and placental
infection. Covariates with significant p values were presented in the Table 5.
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studies have explored the relationship between HLA-G
and malaria. The first of them suggested that HLA-G
down-regulation in P. falciparum-infected placentas may
be involved in poor birth outcomes [20]. Two recent re-
ports showed that genetic polymorphisms in HLA-G
3’UTR could influence the clinical and immunological re-
sponses directed to P. falciparum [28,29]. In the present
study, high levels of sHLA-G were associated with a sig-
nificant high incidence ratio of malaria. High expression
of sHLA-G observed in infants during the follow-up could
affect immune responses directed to P. falciparum, and in
particular the IgG1 and IgG3 antibody subclasses involved
in anti-malarial protection [30-32]. In agreement, a recent
study shows that soluble HLA-G impairs B cell responses
[2]. These results strongly suggest that the inhibition of
immune responses by HLA-G expression could lead to a
greater susceptibility to malaria infection.
Previous studies showed an association between high

levels of sHLA-G and parasitic or viral infections
[11,12,33]. It has been suggested that induction of sHLA-G
expression could help infectious agents to subvert host im-
mune defenses [8,9]. In this study, significant effect of P.
falciparum infection on sHLA-G levels was not observed.
However, as shown previously, other infections (viruses,
parasites) but also other cellular stresses (hypoxia…) can
be associated with different levels of sHLA-G. Since these
factors have not been taken into account in the follow-up,
the effect of malaria alone was too small to be detectable
and the possibility that some infections went undetected
despite close monitoring cannot be excluded. Moreover
this study showed that the intake of antimalarial preventive
treatment during pregnancy was correlated with decreased
levels of sHLA-G at delivery and that an increased expos-
ure to malaria (environmental risk) was associated with
higher levels of sHLA-G. Both these results suggest indir-
ectly that malaria could be related to the levels of sHLA-G.
However, a lack of statistical power due to low number of
samples cannot be excluded in this preliminary study. In
the present study, higher levels of sHLA-G in cord blood
were associated with low birth weight, which itself is highly
related to infant morbidity and mortality [34]. It was sug-
gested that both HLA-G expression and genetic poly-
morphism of HLA-G may influence foetoplacental growth
[35]. The preceding results and the observations in this
study could be consistent with the involvement of HLA-G
in the higher risk of infectious morbidity to which LBW
babies are subjected. This is strengthened by the fact that
in study population, placental malaria was associated with
LBW [18], a higher risk of malaria but also a higher risk of
non-malarial infections during the first months of life
[36,37]. Put together these results seem to indicate that
placental infection could be considered as an indirect
marker of the complex phenomenon of immune tolerance
which may be not specific to malaria.
The plasma levels of sHLA-G in the peripheral blood

of the mother at delivery and in the cord blood were
highly correlated (r = 0.74; p = 10−3) as already reported
[38]. Although maternal IgG are actively transported
across the placenta, providing partial humoral protection
to the foetus, no data exists on the potential for transfer of
sHLA-G across the placental barrier. HLA-G molecules
are known to be expressed at the fetal–maternal interface
on the surface of cytotrophoblast cells, endothelial cells
and in amniotic fluid there by explaining the presence of
sHLA-G in cord blood [39,40]. This HLA-G expression is
known to inhibit maternal immune cells and to protect
the fetus from maternal rejection [5]. The expression of
sHLA-G in maternal blood is expected to come at least
from peripheral blood monocytes known to secrete HLA-
G upon various stimulations (cytokines, stress proteins,
hormones [1]…). More studies will be needed to address
the factors influencing sHLA-G expression in the mother
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and her newborn. Of note, a recent study showed that
HLA-G polymorphism influences sHLA-G plasma level in
Brazilian and French populations [41].
In conclusion, this work had shown an association

between high levels of sHLA-G and an increased risk of
malaria, and of low birth weight. These results suggest
that HLA-G could be associated not only with malaria
susceptibility during the first months of life but also with
the higher burden of infections low birth weight babies
are faced with. Further studies are ongoing including the
follow-up of pregnant women and their newborns and the
detection of both malarial and non-malarial infections.

Competing interests
The authors declared that they have no competing interests.

Authors’ contributions
DC, NR, BF and AG designed the study and wrote the protocol. IS, TA, AL, IK,
AM, PM and KM managed the literature searches and summaries of previous
related work. TA, GC and AG undertook the statistical analysis, and IS, TA, AG
and DC drafted the manuscript. All authors contributed to and have
approved the final manuscript.

Acknowledgements
The authors are grateful to all women and infants who agreed to participate
in this project, to field supervisors (Edgard Godonou, Stephane Gehou,
Sylvestre Zehounkpe, Pierre Adanchoedo and Patrick Pomalegni) and to
the health workers, midwives, nurses who worked on the project. The
authors would like to thank the Agence Nationale pour la Recherche (projet
SEST2006/040/001), Ministère des Affaires Etrangères français (projetREFS
No.2006-22) for their financial support and the Faculté des Sciences de la
Santé (FSS), the Institut des Sciences Biomédicales Appliquées de Cotonou
(ISBA), the Programme National de Lutte contre le Paludisme (PNLP) for
their institutional support. A PhD scholarship was awarded by AIRD/DPF and
Ambassade de France Cotonou (SCAC) to Ibrahim SADISSOU.

Author details
1Centre d’Etude et de Recherche sur le Paludisme Associé à la Grossesse et à
l’Enfance, Faculté des Sciences de la Santé, Université d’Abomey-Calavi,
Cotonou, Bénin. 2Institut de Recherche pour le Développement, UMR 216
Mère et enfant face aux infections tropicales, Université Paris Descartes, 4,
avenue de l’Observatoire, Paris 75006, France. 3Laboratoire de Biologie et
Physiologie Cellulaires, Faculté des Sciences et Techniques (FAST), Université
d’Abomey-Calavi, Cotonou, Bénin. 4Faculté de Pharmacie, Université Paris
Descartes, Sorbonne Paris Cité, 4 avenue de l’Observatoire, Paris 75006,
France. 5UMR Commissariat à l'Energie Atomique et aux Energies
Alternatives/Université Paris Diderot-Paris 7/IMETI Service de Recherches en
Hémato-Immunologie, Hôpital Saint-Louis, IUH, Hôpital Saint-Louis, 1, avenue
Claude Vellefaux, Paris cedex 10 75475, France.

Received: 6 December 2013 Accepted: 8 June 2014
Published: 12 August 2014

References
1. Carosella ED, Moreau P, Lemaoult J, Rouas-Freiss N: HLA-G: from biology to

clinical benefits. Trends Immunol 2008, 29:125–132.
2. Naji A, Menier C, Maki G, Carosella ED, Rouas-Freiss N: Neoplastic B-cell growth

is impaired by HLA-G/ILT2 interaction. Leukemia 2012, 26:1889–1892.
3. Rebmann V, Switala M, Eue I, Schwahn E, Merzenich M, Grosse-Wilde H:

Rapid evaluation of soluble HLA-G levels in supernatants of in vitro
fertilized embryos. Hum Immunol 2007, 68:251–258.

4. Rizzo R, Melchiorri L, Stignani M, Baricordi OR: HLA-G expression is a
fundamental prerequisite to pregnancy. Hum Immunol 2007, 68:244–250.

5. Rouas-Freiss N, Gonçalves RM, Menier C, Dausset J, Carosella ED: Direct
evidence to support the role of HLA-G in protecting the fetus from
maternal uterine natural killer cytolysis. ProcNatlAcadSci U S A 1997,
94:11520–11525.
6. Paul P, Rouas-Freiss N, Khalil-Daher I, Moreau P, Riteau B, Gal FAL, Avril MF,
Dausset J, Guillet JG, Carosella ED: HLA-G expression in melanoma: A way
for tumor cells to escape from immunosurveillance. Proc Natl Acad Sci
USA 1998, 95:4510–4515.

7. Agaugué S, Carosella ED, Rouas-Freiss N: Role of HLA-G in tumor escape
through expansion of myeloid-derived suppressor cells and cytokinic
balance in favor of Th2 versus Th1/Th17. Blood 2011, 117:7021–7031.

8. LeBouder F, Khoufache K, Menier C, Mandouri Y, Keffous M, Lejal N,
Krawice-Radanne I, Carosella ED, Rouas-Freiss N, Riteau B: Immunosuppressive
HLA-G molecule is upregulated in alveolar epithelial cells after influenza A
virus infection. Hum Immunol 2009, 70:1016–1019.

9. Amiot L, Vu N, Rauch M, L’Helgoualc’h A, Chalmel F, Gascan H, Turlin B,
Guyader D, Samson M: Expression of HLA-G by mast cells is associated
with hepatitis C virus-induced liver fibrosis. J Hepatol 2014, 60:245–252.

10. Fainardi E, Castellazzi M, Stignani M, Morandi F, Sana G, Gonzalez R,
Pistoia V, Baricordi OR, Sokal E, Peña J: Emerging topics and new
perspectives on HLA-G. Cell Mol Life Sci 2011, 68:433–451.

11. Robert-Gangneux F, Gangneux J-P, Vu N, Jaillard S, Guiguen C, Amiot L:
High level of soluble HLA-G in amniotic fluid is correlated with congenital
transmission of Toxoplasma gondii. Clin Immunol 2011, 138:129–134.

12. Donaghy L, Gros F, Amiot L, Mary C, Maillard A, Guiguen C, Gangneux J-P:
Elevated levels of soluble non-classical major histocompatibility class I
molecule human leucocyte antigen (HLA)-G in the blood of HIV-infected
patients with or without visceral leishmaniasis. Clin Exp Immunol 2007,
147:236–240.

13. Zheng X-Q, Chen X-Q, Gao Y, Fu M, Chen Y-P, Xu D-P, Lin A, Yan W-H:
Elevation of human leukocyte antigen-G expression is associated with
the severe encephalitis associated with neurogenic pulmonary edema
caused by Enterovirus 71. Clin Exp Med 2014, 14:161–167.

14. Duffy PE, Fried M: Malaria in the pregnant woman. Curr Top Microbiol
Immunol 2005, 295:169–200.

15. Brabin BJ, Hakimi M, Pelletier D: An analysis of anemia and pregnancy-
related maternal mortality. J Nutr 2001, 131:604S–614S.

16. Mutabingwa TK, Bolla MC, Li J-L, Domingo GJ, Li X, Fried M, Duffy PE:
Maternal malaria and gravidity interact to modify infant susceptibility to
malaria. PLoS Med 2005, 2:e407.

17. Schwarz NG, Adegnika AA, Breitling LP, Gabor J, Agnandji ST, Newman RD,
Lell B, Issifou S, Yazdanbakhsh M, Luty AJF, Kremsner PG, Grobusch MP:
Placental malaria increases malaria risk in the first 30 months of life.
Clin Infect Dis 2008, 47:1017–1025.

18. Le Port A, Cottrell G, Martin-Prevel Y, Migot-Nabias F, Cot M, Garcia A: First
malaria infections in a cohort of infants in Benin: biological, environmental
and genetic determinants. Description of the study site, population
methods and preliminary results. BMJ Open 2012, 2:e000342.

19. Malhotra I, Dent A, Mungai P, Wamachi A, Ouma JH, Narum DL, Muchiri E,
Tisch DJ, King CL: Can prenatal malaria exposure produce an immune
tolerant phenotype? A prospective birth cohort study in Kenya. PLoS Med
2009, 6:e1000116.

20. Sartelet H, Schleiermacher D, Le-Hesran JY, Graesslin O, Gaillard D, Fe M,
Lechki C, Gaye A, LeBouteiller P, Birembaut P: Less HLA-G expression in
Plasmodium falciparum-infected third trimester placentas is associated
with more natural killer cells. Placenta 2005, 26:505–511.

21. Ballard JL, Khoury JC, Wedig K, Wang L, Eilers-Walsman BL, Lipp R: New
Ballard Score, expanded to include extremely premature infants. J Pediatr
1991, 119:417–423.

22. Cottrell G, Kouwaye B, Pierrat C, Le Port A, Bouraïma A, Fonton N,
Hounkonnou MN, Massougbodji A, Corbel V, Garcia A: Modeling the
influence of local environmental factors on malaria transmission in
Benin and its implications for cohort study. PLoS One 2012, 7:e28812.

23. Rebmann V, LeMaoult J, Rouas-Freiss N, Carosella ED, Grosse-Wilde H:
Report of the wet workshop for quantification of soluble HLA-G in Essen,
2004. Hum Immunol 2005, 66:853–863.

24. Menier C, Saez B, Horejsi V, Martinozzi S, Krawice-Radanne I, Bruel S,
Le Danff C, Reboul M, Hilgert I, Rabreau M, Larrad ML, Pla M, Carosella ED,
Rouas-Freiss N: Characterization of monoclonal antibodies recognizing
HLA-G or HLA-E: new tools to analyze the expression of nonclassical HLA
class I molecules. Hum Immunol 2003, 64:315–326.

25. Le Hesran JY, Cot M, Personne P, Fievet N, Dubois B, Beyemé M, Boudin C,
Deloron P: Maternal placental infection with Plasmodium falciparum and
malaria morbidity during the first 2 years of life. Am J Epidemiol 1997,
146:826–831.



Sadissou et al. Malaria Journal 2014, 13:312 Page 8 of 8
http://www.malariajournal.com/content/13/1/312
26. Le Port A, Cottrell G, Chandre F, Cot M, Massougbodji A, Garcia A:
Importance of adequate local spatiotemporal transmission measures in
malaria cohort studies: application to the relation between placental
malaria and first malaria infection in infants. Am J Epidemiol 2013,
178:136–143.

27. Rachas A, Le Port A, Cottrell G, Guerra J, Choudat I, Bouscaillou J,
Massougbodji A, Garcia A: Placental malaria is associated with increased
risk of nonmalaria infection during the first 18 months of life in a
Beninese population. Clin Infect Dis 2012, 55:672–678.

28. Garcia A, Milet J, Courtin D, Sabbagh A, Massaro JD, Castelli EC, Migot-Nabias F,
Favier B, Rouas-Freiss N, Donadi EA, Moreau P: Association of HLA-G 3’UTR
polymorphisms with response to malaria infection: a first insight.
Infect Genet Evol 2013, 16:263–269.

29. Sabbagh A, Courtin D, Milet J, Massaro JD, Castelli EC, Migot-Nabias F,
Favier B, Rouas-Freiss N, Moreau P, Garcia A, Donadi EA: Association of
HLA-G 3’ untranslated region polymorphisms with antibody response
against Plasmodium falciparum antigens: preliminary results. Tissue
Antigens 2013, 82:53–58.

30. Courtin D, Oesterholt M, Huismans H, Kusi K, Milet J, Badaut C, Gaye O,
Roeffen W, Remarque EJ, Sauerwein R, Garcia A, Luty AJF: The quantity and
quality of African children’s IgG responses to merozoite surface antigens
reflect protection against Plasmodium falciparum malaria. PLoS One 2009,
4:e7590.

31. Dodoo D, Aikins A, Kusi KA, Lamptey H, Remarque E, Milligan P, Bosomprah S,
Chilengi R, Osei YD, Akanmori BD, Theisen M: Cohort study of the association
of antibody levels to AMA1, MSP119, MSP3 and GLURP with protection
from clinical malaria in Ghanaian children. Malar J 2008, 7:142.

32. 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,
172:1633–1641.

33. Thibodeau V, Lajoie J, Labbé A-C, Zannou MD, Fowke KR, Alary M, Poudrier J,
Roger M: High level of soluble HLA-G in the female genital tract of Beninese
commercial sex workers is associated with HIV-1 infection. PLoS One 2011,
6:e25185.

34. Ntuli ST, Malangu N, Alberts M: Causes of deaths in children under-five
years old at a tertiary hospital in Limpopo province of South Africa.
Glob J Heal Sci 2013, 5:95–100.

35. Hviid TV: HLA-G genotype is associated with fetoplacental growth.
Hum Immunol 2004, 65:586–593.

36. Brabin BJ: An analysis of malaria in pregnancy in Africa. Bull World Health
Organ 1983, 61:1005–1016.

37. Steketee RW, Nahlen BL, Parise ME, Menendez C: The burden of malaria
in pregnancy in malaria-endemic areas. Am J Trop Med Hyg 2001,
64(1–2 Suppl):28–35.

38. Hackmon R, Hallak M, Krup M, Weitzman D, Sheiner E, Kaplan B, Weinstein Y:
HLA-G antigen and parturition: maternal serum, fetal serum and amniotic
fluid levels during pregnancy. Fetal Diagn Ther 2004, 19:404–409.

39. Kovats S, Main EK, Librach C, Stubblebine M, Fisher SJ, DeMars R: A class I
antigen, HLA-G, expressed in human trophoblasts. Science 1990,
248:220–223.

40. Blaschitz A, Lenfant F, Mallet V, Hartmann M, Bensussan A, Geraghty DE,
LeBouteiller P, Dohr G: Endothelial cells in chorionic fetal vessels of first
trimester placenta express HLA-G. Eur J Immunol 1997, 27:3380–3388.

41. Martelli-Palomino G, Pancotto JA, Muniz YC, Mendes-Junior CT, Castelli EC,
Massaro JD, Krawice-Radanne I, Poras I, Rebmann V, Carosella ED,
Rouas-Freiss N, Moreau P, Donadi EA: Polymorphic sites at the 3’
untranslated region of the HLA-G gene are associated with differential
hla-g soluble levels in the Brazilian and French population. PLoS One
2013, 8:e71742.

doi:10.1186/1475-2875-13-312
Cite this article as: Sadissou et al.: High plasma levels of HLA-G are
associated with low birth weight and with an increased risk of malaria
in infancy. Malaria Journal 2014 13:312.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Data collection
	Soluble HLA-G Quantification
	Statistical analysis
	Ethics

	Results
	Characteristics of study participant
	Soluble HLA-G in maternal blood at delivery
	Soluble HLA-G in cord blood at birth
	Soluble HLA-G during the first year of life and malaria infection

	Discussion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

