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Introduction
Over the last 20 years, several preventive interventions such as 
Long-Lasting Insecticidal Nets (LLIN), intermittent preventive 
treatment for pregnant women [1] and Seasonal Malaria 
Chemoprevention (SMC) for children 3-59 months living in 

areas of seasonal malaria transmission [2], have been scaled 
up in malaria-endemic countries [3], resulting in a significant 
reduction of the malaria burden worldwide. Nevertheless, in 
2016 the number of malaria cases was estimated at 212 million, 
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resulting in 429,000 deaths [4]. Besides children under 5 years 
old, pregnant women remain one of the most vulnerable groups 
[3,5]. Malaria during pregnancy results in parasite sequestration 
in the placenta, i.e. placental malaria (PM), which in turn causes 
intra-uterine growth retardation and low birth weight, a risk 
factor for infant mortality [6]. P. falciparum parasites sequester 
in the placenta thanks to binding between the PfEMP1 variant 
2 cell surface antigen-chondroitin sulfate A (VAR2CSA) at 
the surface of the infected erythrocytes and the placenta’s 
chondroitin sulfate A (CSA) receptor [7-10]. Women’s 
immunity against parasites enables to sequester in the placenta, 
develops during subsequent pregnancies as shown by the higher 
antibody levels to at least one VAR2CSA domain or to the full-
length protein in multigravida as compared to primigravidae 
[10-12]. Because malaria infection may increase VAR2CSA 
antibody levels and thereby induce confounding in the analyses 
of immune protection [13], it is actually necessary to assess also 
the effect of factors that can influence antibody levels.

The presence of highly conserved residues in surface-exposed 
areas of the VAR2CSA suggests that the DBL5 domain is 
immune-dominant as confirmed by the higher antibody levels 
to this domain in multigravidae; parity-dependent reactivity to 
other domains is less consistent [14]. Antibodies against the 
recombinant DBL5 domain amplified from placental parasites 
bind native VAR2CSA from placental isolates [15]. In rat 
models, antibodies to a fragment of VAR2CSA, composed by the 
interdomain 1 (ID1), the Duffy Binding like 2 (DBL2) domain 
and the ID2 (combined and known as ID1-ID2a), inhibited 
binding of infected erythrocytes [15]. Though cytophilic 
antibodies (IgG1 and IgG3) are the main subclasses involved in 
acquired VSAPAM-specific immunity to pregnancy-associated 
malaria [16], little is known about their ability to predict placenta 
infections. The aim of this study was to analyze the profile of 
antibody to DBL5 and ID1-ID2a VAR2CSA subdomains during 
the third trimester of pregnancy and to assess whether these 
antibodies could predict PM at delivery.

Materials and Methods
Study setting
This study was conducted in the Nanoro Health and Demographic 
Surveillance System (HDSS) catchment area, located at 85 km 
from Ouagadougou, the capital city of Burkina Faso. This is 
an area of intense and seasonal malaria transmission, occurring 
from July to December. During this period, malaria represents 
almost half (48.6%) of all outpatient consultations. PM 
prevalence as determined by molecular methods is estimated at 
34.6% [17].

Study design
The present study was nested within a large trial investigating 
the efficacy of different preventive strategies against malaria 
in pregnancy [Community-based scheduled screening and 
treatment of malaria in pregnancy for improved maternal and 
infant health: a cluster-randomized trial (COSMIC)] whose 
protocol has been described elsewhere [18]. Briefly, the 
COSMIC study aimed to determine whether adding to standard 
IPTp-SP monthly malaria screening and treatment (CSST) at 
village level by Community Health Workers (CHWs) would 

further reduce placental malaria compared to IPTp-SP alone. 
However, only women in the control arm, i.e. who received only 
standard IPTp-SP, were included in this study.

Sample collection 
Approximately 2 ml of peripheral blood was collected in heparin 
tubes from each participant at ANC 3 visit and who was in the 
3rd trimester of her pregnancy. The samples were transferred to 
the Clinical Research Unit of Nanoro (CRUN) laboratory where 
they were processed within 4 hours after sampling. Blood slides 
were first prepared, and subsequently, the remaining blood was 
centrifuged at 500 rpm for 10 minutes and the collected serum 
was stored at -80°C. At the time of delivery, a 2cm × 2cm × 1cm 
placental biopsy sample was collected into 10% neutral buffered 
formalin and later embedded in paraffin wax for histological 
analysis. Maternal peripheral blood at delivery was also taken 
for hemoglobin (Hb) measurement using a Hemocue (Hb 301, 
Sweden); anemia was defined as Hb ≤ 1g/dl.

Microscopy
Blood slides prepared during the ANC 3 visit, were stained 
with Giemsa 3% for 45-60 minutes. Slides were read by two 
independent microscopists blinded to the rapid diagnostic test 
(RDT) results. Parasite density was calculated against 200 
leukocytes, or against 500 leukocytes if the count was <10 
parasites/200 leukocytes. Slides were considered negative if no 
parasites were seen after examination of 100 high power fields. 
Any discrepancy between the two readings was resolved by a 
third independent reader.

Antigens and antibody levels measurement by ELISA 
The recombinant antigens (DBL5 and ID1-ID2a) were produced 
[19] and freely offered by Professor Ali Salanti (Faculty of 
Health Sciences, University of Copenhagen, Denmark). The 
DBL5 domain (50 kD) from FCR3 was produced in insect cells 
purified by Histidine-Tagged protein (HIS tag) purification 
procedure, while the ID1-ID2a fragment (75 kD) from FCR3 
was produced in Escherichia coli purified by Ion exchange 
(IEX) protocol. Both HIS tag purification and IEX method were 
followed by size exclusion procedure, as described by Clausen 
et al. [19].

For the serological analysis, optimal concentrations of each 
protein were coated in 96-well microtitration plates, and the 
different subtypes of specific IgG were measured by ELISA 
following the method described by Guitard et al [20]. Briefly, 
the plates were coated with 1 μg/ml of either DBL5-domain 
or ID1-ID2a domain overnight and then incubated with 100 μl 
of human plasma at 1:100 dilutions. The secondary antibody 
was a horseradish peroxidase-conjugated anti-human IgG (Life 
Technology, A24470) for total IgG measures. Between each step, 
the plates were washed with PBS-Tween™ 20 buffer at 0.5%. 
For the IgG subclasses, purified mouse monoclonal antibodies 
against human IgG1 and IgG3 (Life Technology, A10648, 
MH1732) were used. All reagents were used at predetermined 
optimal dilution (IgG: 1:10,000; IgG1: 1: 2,000 and IgG3: 1: 
5000 respectively). Pooled serum samples from hyper-immune 
multigravid women living in Nanoro were used as a positive 
control; these samples were previously tested against DBL5 
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and ID1-ID2a to ensure that they were high responders to these 
antigens. Negative control sample comprised pooled serum 
samples from Caucasian male donors not exposed to malaria 
infection. The optical density (OD) was obtained by subtracting 
the average OD of duplicate wells from that of the corresponding 
blank wells using ELISA-Reader Multiskan TM GO’s software. 
Seropositivity was defined as antibody levels (in OD values)>2 
standard deviations (SD) above the mean absorbance yielded 
by the pooled serum samples from Caucasian donors and 
seronegative OD values ≤ 2 SD.

Placental malaria
Slides from the placenta biopsies obtained from the maternal-
facing side were stained with hematoxylin-eosin [18] and read 
by trained microscopists. Placental infection was classified as 
follows:

(1) Acute infection (parasites present, malaria pigment absent)

(2) Chronic infection (parasites and malaria pigment present)

(3) Past infection (no parasites but pigment present)

(4) No infection (both parasites and malaria pigment absent) [21]

Statistical analysis
The distributions of continuous variables were assessed for 
normality by using the Shapiro-Wilks W test, and non-normal 
continuous data were log-transformed. Spearman’s rho test 
was used to assess correlations between continuous variables. 
To evaluate the difference between different groups generated 
by stratifying the study population according to the following 
variables: use of ITN, anemia, gravidity, the season of delivery, 
age, IPTp-SP, gestational age and malaria status at ANC3. 
The antibody levels to DBL5 and ID1-ID2a were compared 
using the Mann-Whitney test. A simple linear regression 
analysis (bivariate) was performed to assess the association 
between transmission season, gravidity, malaria status at the 
third antenatal care (ANC) visit as determined by microscopy, 
number of IPTp-SP doses, gestational age, women’s age and 
antibody levels to DBL5 and ID1-ID2a. Then, the adjustment 
was performed in a multiple linear regression (multivariate 
analysis), including all the variables. In addition, in a logistic 
regression, bivariate-analyses were performed (including all 
variables and all the antibody types (IgG, IgG1 and IgG3) to 
DBL5 and ID1-ID2a) and multivariate logistic regression 
(including all variables significantly associated with PM and 
all antibody types significantly associated with PM) to build 
an explanatory model for PM and to look for confounding, 
interaction and linear trends. Values of p<0.05 were considered 
as statistically significant. Statistical analyses were performed 
using Stata Statistical Software: Release 15 (College Station, TX).

Results
Characteristics of the study population
Two hundred sixty-three pregnant women were included in the 
study (Table 1). Their mean age was 25.6 ± 5.9 years and the 
majority of them (83.3%) were multigravida (gravidity ≥ 2); 
77.2% of the study population had a gestational age of at least or 
above the median gestational age (32 weeks). At the third ANC 

visit, malaria peripheral infection was diagnosed by microscopy 
in 14.1% (37/263) of women and the median parasite densities 
detected was estimated at 733 [95% CI: 0-58860.5] parasites/μL. 
At delivery, more than half of women had PM, although most 
of them had malaria pigment, without parasites. At delivery, 
anemia was reported in 17.1% (n=45/263) of women included 
in this study. IPTp-SP coverage was high as most of them had 
received at least 3 doses and the use of insecticide-treated bed 
net was also high (Table 1).

Antibody profiles in pregnant women at the third ANC 
visit
To test the capability of naturally acquired antibodies to 
recognize VAR2CSA recombinant fragments, antibodies raised 
naturally against DBL5 and ID1-ID2a were quantified from 
the 263 pregnant women at their 3rd ANC visit. Women were 
classified into two subgroups (seropositive and seronegative). 
The analysis of antibody profiles showed that 100% (263/263) 
of women were seropositive for DBL5 IgG1, 96.6% (n/N: 
254/263) for total IgG and 30.8% for DBL5 IgG3. For ID1-
ID2a, while 48.3% (127/263) of seropositivity was found for 
IgG3, 100% of pregnant women were seropositive for IgG1 and 
94.7% (249/263) for total IgG (Additional file 1). It appears 
that women living in the study area have naturally developed 
detectable antibodies that can specifically recognize VAR2CSA 
recombinant fragments (DBL5 and ID1-ID2a).

Table 1 . Characteristics of study population.
Characteristics Value
Age -years, Mean ± SD 25,57 ± 5,89
Age ≥ Mean -no. (%) 120 (45.6)
Gestational age (weeks) the 3rd ANC -no. (%)
≥ median age 203 (77.2)
Gravidity -no. (%)
Primigravidae 44 (16.8)
Multigravidae 219 (83.3)
Hemoglobin (Hb) levels at delivery-g/dL Mean ± SD 12.1 ±1.5
Anaemia at delivery (Hb≤ 11g/dl) -no. (%)
Anemic 45 (17.1)
Placental infections at delivery 
(N = 211) -no. (%)
Acute 1 (0.5)
Chronic 3 (1.4)
Past 113 (53.6)
No infection 94 (44.6)
Peripheral malaria at the 3rd ANC-no. (%)
Non-infected 226 (85.9)
Infected 37 (14.1)
Parasite density of peripheral infection at the 3rd ANC -Parasite/
μL, Median (IQR)

733 (0 - 
58860.5)

IPTp-SP doses from recruitment to 3rd ANC-no. (%)
≤ 2 doses 177 (67.3)
ITN ownership before the 3rd ANC-no. (%)
Yes 245 (93.2)
No 16 (6.1)
Other (Don’t know) 2 (0.7)
Used of an ITN the previous night
 (N = 233)-n (%)
Yes 212 (91)
No 21 (9)
Season of delivery-n (%)
High transmission (July-December) 147 (55.9)
Low transmission (January-June) 116 (44.1)
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This Supplemental Table 1 presents frequencies of seropositive 
and seronegative women to DBL5 and ID1-ID2a. Seropositive 
subjects are defined as antibody levels>2 standard deviations 
(SD) above the mean absorbance yielded by the pooled serum 
samples from Caucasian donors. Seronegative ones are defined 
as antibody levels ≤ 2 SD.

Relationships between titers of antibody types
DBL5 and ID1-ID2a are both two fragments of VAR2CSA 
antigen. To further check the antigens quality, the relationships 
between the titres of antibody types were determined, based 
on the graded interpretation of Spearman’s correlation test 
(Additional file 2).

This Supplemental Table 2 presents results of the Spearman’s 
correlation test coefficients aiming to assess the relationships 
between the titers of the different antibody types analyzed in 
this study. Spearman’s correlation graded interpretation is 
defined as follows: (i) rho between 0.1-0.3=weak; (ii) rho 
between 0.4-0.7=moderate and (iii) rho between 0.8-1.0=strong 
correlation. Thus, IgG1 anti-DBL5 and IgG1 anti-ID1-ID2a on 
the one hand (Spearman’s rho=0.661, p<0.001) and IgG anti-
DBL5 and IgG anti-ID1-ID2a (Spearman’s rho=0.423, p<0.001) 
on the other hand appeared to be moderately correlated. 
Only these two correlation plots have been presented in this 
manuscript. Titres of different antibody types were more often 
positively but weakly correlated, as rho values did not exceed 
the cut-off fixed between 0.1-0.3. Nevertheless, moderate 
correlations were found between IgG1 anti-DBL5 and IgG1 
anti-ID1-ID2a (rho=0.661, p<0.001) (Figure 1a) and between 
IgG anti-DBL5 and IgG anti-ID1-ID2a (rho=0.423, p<0.001) 

(Figure1b).

Assessment of the relationship between antibody titers 
at the 3rd ANC and factors that influence antibody levels 
To analyze the effect of factors available in the dataset, linear 
regression was performed and correlation coefficients were 
reported in Additional files 3 and 4. Factors included in this 
analysis were ITN use, anemia, gravidity, transmission season, 
women’s age, the number of IPTp-SP doses, gestational age and 
malaria status at the 3rd ANC. Only relevant associations are 
shown as figures in this paper.

Supplemental Tables 3 and 4 present linear regression 
coefficients of correlation types between ITN use, anemia, 
gravidity, transmission season, women’s age, the number of 
IPTp-SP doses, gestational age and malaria status at the 3rd ANC 
and PM specific antibody types.

ITN users were found to have higher IgG1 levels to DBL5 
(Figure 2a; p=0.003) and IgG1 levels to ID1-ID2a (Figure 2b; 
p=0.033). The significance of this observation is that higher 
exposition markers were found in ITN users than non-users.

As expected, multigravida women who probably have 
experienced malaria during previous pregnancies presented 
with higher malaria antibody levels than primigravidas. Thus, 
significantly higher levels DBL5 IgG1 (Figure 3a; p=0.001), 
ID1-ID2a total IgG (Figure 3b; p=0.021) and ID1-ID2a IgG1 
(Figure 3c; p=0.049) were found.

This study was conducted in an area of intense and seasonal 
malaria transmission, occurring from July to December, during 

Supplemental table 1. Seropositivity to DBL5 and ID1-ID2a at the 3rd ANC visit.
 IgG to DBL5 IgG1 to DBL5 IgG3 to DBL5
Seropositivity Frequency Percent Frequency Percent Frequency Percent
Negative 9 3.42 182 69.2
Positive 254 96.58 263 100 81 30.8
 IgG to ID1-ID2a IgG1 to ID1-ID2a IgG3 to ID1-ID2a
Seropositivity Frequency Percent Frequency Percent Frequency Percent
Negative 14 5.32 136 51.71
Positive 249 94.68 263 100 127 48.29

Supplemental table 2. Correlation between antibody types. 2a) Spearman’s rho (correlation coefficient) 2b) Number of subjects; c: p-value.
 IgG anti-DBL5 IgG1 anti-DBL5 IgG3 anti-DBL5 IgG anti-ID1-ID2a IgG1 anti-ID1-ID2a IgG3 anti-ID1-ID2a

IgG anti-DBL5 1 - - - - -
 263
 -
IgG1 anti-DBL5 0.365a 1 - - - -
 262b 263
 <0.001c -
IgG3 anti-DBL5 0.322 0.358 1 - - -
 263 263 263
 <0.001 <0.001 -
IgG anti-ID1-ID2a 0.423 0.375 0.16 1 - -
 263 263 263 263
 <0.001 <0.001 0.009 -
IgG1 anti-ID1-ID2a 0.161 0.66 0.306 0.398 1 -
 263 263 263 263 263
 0.009 <0.001 <0.001 <0.001 -
IgG3 anti-ID1-ID2a -0.016 0.022 -0.062 263 0.139 0.003 1
 263 262 0.317 263 263 263
 0.797 0.723 0.024 0.957 -
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Figure 1. The relationship between titers of antibody types. 1a) Scatter plots showing the moderate correlations between IgG1 anti-DBL5 and IgG1 
anti-ID1-ID2a; 1b) IgG anti-DBL5 and IgG anti-ID1-ID2a.

Supplemental table 3. Correlation types between general characteristics at the 3rd ANC and antibody levels to DBL5. *1: Multigravidity; *2: 
trimester; Coef.  (95% CI): Linear regression Coefficient (95% Confidence Intervals).
 IgG IgG1 IgG3

 Bivariate  Multivariate  Bivariate  Multivariate  Bivariate  Multivariate  

General 
characteristics Coef.  (95% CI) p Coef.  (95% CI) p Coef.  (95% CI) p Coef.  (95% CI) p Coef.  (95% CI) p Coef.  (95% CI) p

Use of ITN
Yes

-0.02
(-0.18 - 0.14) 0.769 1

(0.85 - 1.17) 0.987 0.19
(0.05 - 0.33) 0.008 1.16

(1.01 - 1.33) 0.034 0.14
(-0.04 - 0.32) 0.134 1.14

(0.95 - 1.37) 0.163

Anaemia 
Anemic

-0.01
(-0.13 - 0.12) 0.898 0.94

(0.84 - 1.06) 0.311 0
(-0.10 - 0.10) 0.938 1.01

(0.92 - 1.12) 0.78 -0.03
(-0.16 - 0.10) 0.649 0.96

(0.84 - 1.10) 0.548

Gravidity
Multi*1.

0.13
(0.00 - 0.25) 0.049 1.14

(1.00 - 1.31) 0.053 0.17
(0.08 - 0.27) 0.001 1.24

(1.10 - 1.39) <0.001 0.06
(-0.07 - 0.18) 0.391 1.01

(0.86 - 1.17) 0.926

Season of delivery
High

0.09
(-0.01 - 0.18) 0.07 1.09

(0.99 - 1.20) 0.087 0.04
(-0.03 - 0.12) 0.263 1

(0.92 - 1.08) 0.925 0.06
(-0.03 - 0.16) 0.192 1.04

(0.93 - 1.17) 0.476

Age
≥ mean

-0.03
(-0.12 - 0.07) 0.564 0.95

(0.85 - 1.05) 0.286 0.03
(-0.05 - 0.10) 0.47 0.94

(0.86 - 1.03) 0.168 0.07
(-0.03 - 0.16) 0.167 1.07

(0.95 - 1.20) 0.241

IPTp-SP
>2 doses

0.02
(-0.09 - 0.12) 0.749 1.02

(0.91 - 1.14) 0.722 -0.16
(-0.25 to -0.08) <0.001 0.87

(0.79 - 0.96) 0.005 -0.1
(-0.21 - 0.00) 0.053 0.94

(0.83 - 1.07) 0.372

Gestational age
≥ 3rd trim*2.

0.18
(0.07 - 0.29) 0.001 1.17

(1.05 - 1.30) 0.005 0.12
(0.03 - 0.21) 0.009 1.07

(0.98 - 1.18) 0.133 0.09
(-0.02 - 0.20) 0.12 1.09

(0.96 - 1.23) 0.179

Malaria Status at 
ANC3
Infected

0.03
(-0.11 - 0.17) 0.661 0.88

(0.76 - 1.03) 0.103 0.1
(-0.01 - 0.21) 0.066 1.04

(0.92 - 1.18) 0.528 0.09
(-0.05 - 0.23) 0.2 1.03

(0.87 - 1.22) 0.72

Supplemental table 4. Correlation types between general characteristics at the 3rd ANC and antibody levels to ID1-ID2a.

 
IgG IgG1 IgG3

Bivariate  Multivariate  Bivariate  Multivariate  Bivariate  Multivariate  

General 
characteristics Coef. (95% CI) p Coef. (95% 

CI) p Coef. (95% 
CI) p Coef. (95% CI) p Coef. (95% 

CI) p Coef. (95% 
CI) p

Use of ITN
Yes

0.13
(-0.04 - 0.29)

0.139 1.14
(0.97 - 1.34)

0.105 0.1
(0.01 - 0.20) 0.03 1.08

(0.98 - 1.18) 0.118 -0.04
(-0.21 - 0.12)

0.609 0.96
(0.81 - 1.14) 0.635

Anaemia
Anemic

-0.08
(-0.20 - 0.04)

0.195 0.95
(0.84 - 1.07)

0.377 0.01
(-0.06 - 0.07) 0.85 1.02

(0.95 - 1.10) 0.523 0.01
(-0.11 - 0.13)

0.864 1.03
(0.91 - 1.17) 0.653

Gravidity
Multi*1.

0.16
(0.03 - 0.28)

0.014 1.11
(0.97 - 1.26)

0.146 0.07
(0.00 - 0.14) 0.04 1.07

(0.99 - 1.16) 0.086 0.08
(-0.04 - 0.20)

0.171 1.1
(0.95 - 1.27) 0.202

Season of 
delivery
High

0.23
(0.14 - 0.32)

<0.001 1.25
(1.13 - 1.38)

<0.001 -0.04
(-0.09 - 0.01) 0.15 0.95

(0.90 - 1.01) 0.075 0.02
(-0.07 - 0.10)

0.718 1.02
(0.91 - 1.13) 0.754

Age
≥ mean

0.08
(-0.01 - 0.17)

0.095 1.02
(0.93 - 1.14)

0.636 0.03
(-0.02 - 0.07) 0.32 0.99

(0.94 - 1.05) 0.84 0.03
(-0.06 - 0.12)

0.532 1
(0.90 - 1.12) 0.999

IPTp-SP
>2 doses

-0.12
(-0.23 to -0.02)

0.019 1
(0.89 - 1.12)

0.97 -0.06
(-0.11 to 
-0.00)

0.04 0.95
(0.88 - 1.01) 0.094 0.01

(-0.08 - 0.11)
0.791 1.04

(0.92 - 1.18) 0.486

Gestational 
age ≥ 3rd 
trim*2.

0.08
(-0.03 - 0.19)

0.177 1.03
(0.92 - 1.15)

0.587 0.03
(-0.03 - 0.09) 0.37 1.01

(0.95 - 1.08) 0.702 0.01
(-0.10 - 0.11)

0.898 1.02
(0.90 - 1.14) 0.781

Malaria Status 
at ANC3
Infected

0.16
(0.03 - 0.30)

0.016 1.12
(0.96 - 1.29)

0.146 0.06
(-0.01 - 0.13) 0.07 1.08

(0.99 - 1.17) 0.094 0.01
(-0.12 - 0.13)

0.905 1.02
(0.87 - 1.20) 0.762
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which, people living in the study area are more exposed to 
mosquito bites. Pregnant women who performed their ANC 3 
visit during this period presented with higher levels of exposition 
markers. Thus, levels of DBL5 total IgG (Figure 4a; p=0.013), 
ID1-ID2a total IgG (Figure 4b; p<0.001) were high in women 
having per-formed ANC 3 during the high transmission season 
than those in the low transmission season.

The stratification of antibody levels by the number of IPTp-
SP doses showed that the uptake of more than two doses was 
negatively associated with DBL5 IgG1 levels (Figure 5a; 
p=0.032) and IgG3 (Figure. 5b; p=0.015). The same effect 
was also observed with total IgG against ID1-ID2a (Figure 5c; 
p=0.039) when women received more than two doses of IPTp-
SP. This finding indicates that IPTp given as a full therapeutic 
course of sulfadoxine-pyrimethamine (SP) and supposed to 
prevent malaria infection by inducing drug pressure to parasites, 
has actually induced lower levels of specific antibodies to 
VAR2CSA antigen (Figure 5d).

When stratifying antibody levels by the age of the pregnancy, 
it appears that women who performed their ANC 3 visit with 
higher gestational age had also significantly higher levels of 
DBL5 total IgG (Figure 6a; p<0.001), DBL5 IgG1 (Figure 6b; 
p<0.016).

The assessment of the relationship between antibody responses 
and peripheral malaria infection showed that only ID1-ID2a 
specific antibody levels were found to be higher in sera samples 
obtained from women who were seen at the third ANC with 
peripheral malaria infection [total IgG (Figure 7a; p=0.014) and 
IgG1 (Figure 7b; p=0.023)].

Analysis of the association between factors that influence 
antibody levels, antibody titers and placental malaria at 
delivery
The aim of this study was to analyze the profile of antibody to 
DBL5 and ID1-ID2a VAR2CSA subdomains during the third 

trimester of pregnancy and to assess whether these antibodies 
could predict PM at delivery. The associations between factors 
that influence antibody levels, antibody titers and PM at delivery 
are presented in Table 2.

To find the best model, the individual relationships between the 
characteristic variables, antibody types and PM as outcome, 
were firstly determined in a bivariate analysis. Our findings 
showed that titres of DBL5 IgG1 were positively associated 
with higher risk of PM at delivery [OR=9.545; 95% CI: 3.45-
26.40; p<0.001], while the uptake of more than two doses of 
IPTp-SP [OR=0.51; 95% CI: 0.27-0.95; p=0.035] and the older 
age [OR=0.57; 95% CI: 0.33-0.99; p=0.045] were associated 
with reduced risk of PM. Furthermore, ITN use was also 
associated with higher risk of PM [OR=7.00; 95% CI: 1.95-
25.10; p=0.003]. 

Secondly, significant associations were included in the 
multivariate analysis. The multiple logistic regression was used 
to look for the model that can best explain PM in the study 
population. In this model, titres of DBL5 IgG1 [OR=11.96; 
95% CI: 3.66-38.77; p<0.001] and ITN use [OR=5.17; 95% CI: 
1.36-19.61; p=0.016] remained positively associated with PM 
at delivery, while older women were still at lower risk of PM at 
delivery [OR=0.45; 95% CI: 0.23-0.88; p=0.021].

To further check the type of placental infection that is highly 
associated with high DBL5 IgG1, antibody levels were stratified 
by the placenta infection types (Figure 8). Accordingly, high 
antibody levels were associated with past infections, and the 
difference between multigravidae and primigravidae with past 
infection was significant (p=0.009). Also, in both primigravidae 
and multigravidae subgroups, women with past PM had higher 
levels of DBL5 IgG1 compared to those non-infected.

Discussions
In this study, higher titers of DBL5 IgG1 in the third trimester were 
significantly associated with placental malaria (PM) at delivery. 
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Figure 2. Assessment of the relationship between antibody titers at the 3rd and ITN use. Assessment of the effect of ITN uses on levels of specific 
antibody to VAR2CSA recombinants fragments. No ITN use (n=21) and ITN use (n=212) 2a) IgG1 levels to DBL5 2; b) IgG1 levels to ID1-ID2a. 
P-value was determined by the Mann-Whitney test.
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Figure 3. Assessment of the relationship between antibody titers at the 3rd and gravidity. Assessment of the effect of gravidity on levels of specific 
antibody to VAR2CSA recombinants fragments. Primigravidae (n=44) and Multigravidae (n=219) 3a) IgG1 levels to DBL5; 3b) total IgG levels 
to ID1-ID2a; 3c) IgG1 total IgG levels to ID1-ID2a. P-value was determined by the Mann-Whitney test.
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Figure 4: Assessment of the relationship between antibody titers at the 3rd and seasonality. Assessment of the effect of seasonality on levels of 
specific antibody to VAR2CSA (n = 116 for Low transmission season and n=147 for High transmission season) 4a) total IgG levels to DBL5; 4b) 
total IgG levels to ID1-ID2a. P-value was determined by the Mann-Whitney test.
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Figure 5. Assessment of the relationship between antibody titers at the 3rd and intermittent preventive treatment. Assessment of the effect of IPTp-
SP on levels of specific antibody to VAR2CSA recombinants fragments (n=177 for less than 2 doses of IPTp-SP and n=86 for more than 2 doses 
of IPTp-SP) 5a) IgG1 levels to DBL5; 5b) IgG3 levels to DBL5; 5c) total IgG levels to ID1-ID2a; 5d) and IgG1 levels to ID1-ID2a. P-value was 
determined by the Mann-Whitney test.
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Figure 6. Assessment of the relationship between antibody titers at the 3rd and gestational age. Assessment of the effect of gestational age on levels 
of specific antibody to VAR2CSA recombinants fragments (n=60 for "Lower gestational age" and n=203 for "Higher gestational age") 6a) total 
IgG levels to DBL5; 6b) IgG1 levels to DBL5. P-value was determined by the Mann-Whitney test.
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Figure 7. Assessment of the relationship between antibody titers at the 3rd and peripheral malaria infection. Assessment of the effect of peripheral 
malaria infection on levels of specific antibody to VAR2CSA recombinants fragments. Non-infected (n=226) and Infected (n=37) 7a) total IgG 
levels to ID1-ID2a; 7b) IgG1 levels to ID1-ID2a. P-value was determined by the Mann-Whitney test.

Table 2. Bivariate and Multivariate analysis assessing factors 
associated with placental malaria.

 Bivariate analysis Multivariate analysis

 Odds ratio (95% 
CI) p Odds ratio (95% 

CI) p

Use of ITN
Yes

7
(1.95 - 25.10) 0.003 5.17

(1.36 - 19.61) 0.016

Anaemia
0.85

(0.40 - 1.79) 0.666 - -
Anemic

Gravidity
0.57

(0.26 - 1.25) 0.162 - -
Multigravidae

Season of delivery
1.03

(0.59 - 1.78) 0.922 - -
High

Age
0.57

(0.33 - 0.99) 0.045 0.45
(0.23 - 0.88) 0.021

≥ mean

IPTp-SP
0.51

(0.27 - 0.95) 0.035 0.52
(0.24 - 1.13) 0.098

>2 doses

Gestational age 1.77
(0.90 - 3.48) 0.098 - -

≥ 3rd trimester
Malaria Status at 
ANC3 2.19

(0.95 - 5.01) 0.064 - -
Infected

Antibody levels*

DBL5 IgG
 

1.58
(0.79 - 3.16) 0.2

DBL5 IgG1
 

9.545
(3.45 - 26.40) <0.001 11.96

(3.69 - 38.77) <0.001

DBL5 IgG3
 

1.67
(0.79 - 1.97) 0.187 - -

ID1-ID2a IgG 
 

1.81
(0.85 - 3.59) 0.123 - -

ID1-ID2a  IgG1
 

4.36
(0.98 - 19.34) 0.053 - -

ID1-ID2a IgG3 
 

0.47
(0.20 - 1.10) 0.083 - -
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This association confirms the assumption that DBL5 IgG1 could 
predict PM at delivery. However, 96.6% of placental infections 
detected at delivery were past PM infections i.e. characterized by 
only the presence of hemozoin in the placenta which indicates an 
infection occurred earlier during pregnancy [21]. Furthermore, 
these results could be translated as high levels of DBL5 IgG1 
protect [22] against active placental infections, because high 
levels of this antibody measured at the 3rd trimester, were 
significantly associated with past placental malaria at delivery. 
The mechanism of the protection against placental malaria is 
the capability of specific antibodies to bind to the surfaces of 
trophozoite-stage infected erythrocytes [23]. Indeed, among 
antibodies qualified to mediate opsonization of trophozoites 
in vitro, IgG1 subtype plays a key role [24,25]. Although, 
neutralizing tests were not performed in the present study, 
specific naturally acquired antibodies against VAR2CSA 
recombinant fragments were found in sera samples tested by 
ELISA. This finding constitutes not only a signal on the fact that 
PM remains a public health problem [17] in the study area but 
also an alert on the effectiveness of the application of the national 
guidelines related to the management of malaria in pregnancy. 
In the present study, the finding related to the association between 
ITNs use and high risk of placental malaria infection could have 
several implications. Firstly, on the immunological basis, the 
scenario found in this study indicates the inefficiency of ITN 
use in terms of protection since higher levels of exposition 
markers (antibodies) have been detected in women using an 
ITN. This is an indication that pregnant women experienced 
malaria infection despite the use of ITN. A previous study has 
actually reported the importance of P. falciparum intensity 
transmission that significantly influences the acquisition of 
VSAPAM-specific immunity to pregnancy-associated malaria 
[16]. Thus, the adequate use of ITN as recommended by the 
WHO guidelines for preventing malaria during pregnancy in 
areas with moderate to high transmission [26] should normally 
reduce the contact human-vector and therefore contributes to 
downgrade the disease, and therefore induces lower antibody 
titers. In the present study, data related to the ITN ownership 

(93.2%) and usage (91%) somewhat collected at the recruitment 
when gestational age was estimated at least 4 months, 
constitute rather a proxy for local malaria epidemiology. 
Secondly, despite the use of ITN reported by women, high 
antibody levels were found in those having performed ANC 
3 visit during the high transmission season, probably they 
were recruited with preexisting immunity [27] or women 
may have experienced malaria infection before conception 
[28] and eventually, residual parasites could have induced 
later PM resulting in VAR2CSA specific antibody production. 
Then, if DBL5 IgG1 is produced gradually and even 
quickly from early pregnancy to the last trimester [29,30], 
our findings suggest that PM could as well be diagnosed 
using sera samples at each segment of pregnancy period. 
The finding related to the downregulation of antibody 
levels in women receiving more than two doses of IPTp-
SP, confirmed results from a lower endemicity setting [31]. 
Even though there is the difference in endemicity between 
study areas, certainly, it is likely evident that by reducing 
the risk of infection during pregnancy by regular and 
adequate uptake of IPTp-SP, both the risk of PM and the 
production of anti-VAR2CSA antibodies will be reduced. 
In agreement with several studies [32,33], the present study 
showed also that older women were at lower risk of PM 
compared to younger women. Indeed, the majority (83.3%) 
of women in this study were multigravida and mainly adults. 
Actually, successive pregnancies are supposed to lead women to 
develop increasing immunity to VAR2CSA producing parasite 
and reduce the disease frequency and severity [10]. In addition, 
previous studies that have checked in pregnant women the risk 
to be infected by malaria during pregnancy, have found that 
younger women (particularly those aged less than 20 years) 
independently of parity, were more susceptible than adults [34-36]. 
Although, for a biomarker to adequately predict a biological 
event, several competencies including its sensitivity and 
specificity are needed, in the current study these characteristics 
were not directly tested. Nevertheless, the approach used in the 
current study provides valuable information capable to support 
future investigations. Consequently, these findings suggest that 
IgG1 anti-DBL5 could be used as a biomarker during pregnancy 
for the detection of PM cases. Therefore, a diagnostic tool 
based on IgG1 anti-DBL5, as an optional biomarker, could 
then be used to guide the clinical management of pregnant 
women living in high transmission settings until delivery. 
The current study did not investigate the profile of non-cytophilic 
antibodies (IgG2 and IgG4) which could have allowed us to 
assess whether these subtypes of antibodies could predict PM 
at delivery, and this could be seen as a limitation of the study. 
However, a previous study has shown that these IgG subtypes 
do not make up a major component of the IgG response to 
placental VSA [22]. Although only two recombinant VAR2CSA 
domains were used in our study, a recent study carried out 
in Mali in which eleven VAR2CSA fragments were used has 
shown that antibody levels vary with P. falciparum parasitemia, 
gestational age, and gravidity, but do not predict pregnancy 
outcomes [13]. Another limitation of this study is the fact that 
antibody levels were measured only during the third trimester 
when most malaria infection occurs in early pregnancy [37]. 
Our study raised an important recall on the need to focus on the 

Figure 8. Boxplots illustrating the relationship between antibody 
titers at the 3rd and placental malaria infection stratified by gravidity. 
P-values were determined by the Mann-Whitney test; NS: Non-
significant p=0.009.
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accurate use of current malaria control tools, and also on the 
development of new intervention strategies for the management 
of malaria in pregnancy.

Conclusion
Our study found a strong association between IgG1 anti-DBL5 
during the third trimester of pregnancy and PM at delivery. 
Therefore, DBL5 specific IgG1 levels as measured during the 
third trimester could predict PM, that was characterized mostly 
as past infections. This finding suggests that IgG1 to VAR2CSA 
could be alternatively used as an optional biomarker to diagnose 
PM during pregnancy. Such a biomarker could be useful for 
malaria management in pregnant women in high transmission 
settings.
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