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Abstract. Intermittent preventive treatment (IPT) and insecticide-treated bed nets are the standard of care for
preventing malaria in pregnant women. Since these preventive measures reduce exposure to malaria, their influence on the
antibody (Ab) response to the parasite antigen VAR2CSA was evaluated in pregnant Cameroonian women exposed
to holoendemic malaria. Ab levels to full-length VAR2CSA (FV2), variants of the six Duffy binding like (DBL)
domains, and proportion of high avidity Ab to FV2 were measured longitudinally in 92 women before and 147 women
after IPT. As predicted, reduced exposure interfered with acquisition of Ab in primigravidae, with 71% primigravidae
being seronegative to FV2 at delivery. Use of IPT for > 13 weeks by multigravidae resulted in 26% of women being sero-
negative at delivery and a significant reduction in Ab levels to FV2, DBL5, DBL6, proportion of high avidity Ab to
FV2, and number of variants recognized. Thus, in women using IPT important immune responses were not acquired by
primigravidae and reduced in a portion ofmultigravidae, especially womenwith one to two previous pregnancies. Longitudinal
data from individual multigravidae on IPT suggest that lower Ab levels most likely resulted from lack of boosting of the
VAR2CSA response and not from a short-livedAb response.

INTRODUCTION

In sub-Saharan Africa, an estimated 32 million women are
at risk of becoming infected with Plasmodium falciparum
during pregnancy, thereby, increasing their risk of severe
anemia, spontaneous abortions, stillbirths, and low birth
weight babies.1–3 These poor pregnancy outcomes occur
when P. falciparum-infected erythrocytes (IE) sequester in the
placenta and induce an inflammatory response.2,4–6 Seques-
tration is mediated by the binding of the parasite antigen
VAR2CSA to host chondroitin sulfate A (CSA) localized on
syncytial trophoblasts.7–10 Fortunately, antibodies (Abs) to
placental-binding IE reduce sequestration and improve preg-
nancy outcomes.11–17 Abs to VAR2CSA are acquired over
successive pregnancies that reduce the risk of placental
malaria (PM).7,12,15

Intermittent preventive treatment (IPT) with sulfadoxine–
pyrimethamine (SP) and insecticide-treated bed nets (ITN)
are the recommended standard of care for preventing malaria
during pregnancy in areas with moderate to high transmission.18

The original guidelines recommended that women take three
doses of SP, with the first dose in the second trimester after
quickening and the next two doses at least 1 month apart.
Subsequently, use of SP at each prenatal visit after the first
trimester has become the policy.19 Unfortunately, the use of IPT
and ITN remains low throughoutAfrica.20

Studies have reported IPT and/or ITN may reduce the Ab
response to placental-binding IE or VAR2CSA in primigravidae
andmultigravidae,21–25 but many questions remain. In particular,
a limited understanding exists about how these interventions
affect the quality and specificity of the anti-VAR2CSA Ab

response acquired by primigravidae and if multigravidae,
who acquired immunity to PM in previous pregnancies,
maintain their immunity.
If protective Abs fail to develop in primigravid women

or rapidly wane in multigravidae, then the complications
associated with malaria during pregnancy would occur
in subsequent pregnancies if IPT or ITN were no longer
used. Questions related to protective immunity are difficult
to address, since the standard of care is for all pregnant
women to have access to the IPT and ITN, making it unethical
to withhold these treatments. Therefore, answers to these
questions can only be obtained indirectly. Recently, we reported
that 1) high Ab levels to full-length VAR2CSA (FV2), 2)
having ≥ 35% of high avidity Abs to FV2 (i.e., ≥ 35% of Abs
to FV2 remain bound after treatment with 3M NH4SCN),
and 3) Abs to multiple Duffy antigen-binding ligand (DBL)
domains and variants from midpregnancy were associated
with absence of PM.26,27 More recently, Ndam and others
reported that high Ab levels to N-terminal domains, for
example, DBL1 + 2 and DBL3, are surrogate markers for
protection.28 Currently, these immune parameters are the
best available indicators of protection.
The studies reported herein followed two cohorts of pregnant

women throughout pregnancy residing in the same rural
Cameroonian villages before (2001–2004) and after (2008–2013)
implementation of the government policy recommending use
of IPT and ITN for pregnant women. Between the two studies,
a number of public health changes also took place in Cameroon
that reduced transmission of malaria. As a result, entomological
inoculation rates dropped from 0.77 to 0.34 infectious bites
per person per night between the two studies (J. Bigoga,
unpublished data). Thus, pregnant women in the first study
received ~210 infectious bites during pregnancy, whereas
women in the second study would have received ~93 infectious
bites if they have not used IPT and ITN. The results reported
herein describe Ab responses to VAR2CSA, including Ab
acquisition, maintenance, amount, repertoire of multiple
DBL domains and variants recognized, and avidity for FV2
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in pregnant women, before and after IPT. The level and
quality of Ab to VAR2CSA were reduced in primigravidae,
including a reduction in Ab repertoire and lower proportion
of high avidity Abs, and a less mature response was observed
in some multigravid women.

MATERIALS AND METHODS

Institutional review board approvals. Clinical data and
archival plasma samples collected between 2001 and 2004
were obtained “before” implementation of the government
policy recommending use of IPT and ITN for pregnant
women. The study was approved by the Ethics Committee,
Ministry of Health, Cameroon, and the Institutional Review
Board (IRB), Georgetown University. The use of coded
plasma samples and clinical information in this study was
exempt from human subject research by the Committee on
Human Studies, University of Hawaii. A second study was
conducted between 2008 and 2013, immediately after IPT
was implemented. This study was approved by the National
Ethics Committee, Cameroon, and the IRB at the University
of Hawaii. All women and men participating in these studies
gave written informed consent.
Study population. Both studies took place at prenatal

clinics in the rural villages ofNgali II andNtouessong, Cameroon,
where P. falciparum is perennial.29 Between 2001 and 2004,
pregnant women were enrolled during the first trimester,
followed monthly until delivery, and treated for malaria if they
became slide positive for malaria. Details of the study have
been described previously.29 This study included 92 women,
42 of whom were followed monthly throughout pregnancy
and an additional 50 women enrolled at delivery, and women
in this study did not use antimalarial preventive measures.
In 2008, a second prospective longitudinal study was initiated
after the government policy on IPT and ITN was implemented.

Women in this cohort (N = 147) were enrolled during their
first prenatal visit. At their first visit after quickening, the women
took 1,500 mg sulfadoxine and 75 mg pyrimethamine (SP) and
most women were issued long-lasting ITN. Thus, the majority
of women in the second study used both IPT and ITN.
Some women enrolled too late in the third trimester to
receive benefit from IPT or ITN (N = 30), whereas the other
117 women received one to three doses of SP based on date
of enrollment and were protected from malaria for 4–
23 weeks. Women were monitored monthly by blood smears
for parasites. Table 1 provides information on the women
enrolled. The human immunodeficiency virus (HIV) status
of the individual women is unknown, but HIV prevalence
was estimated to be 5–9.9% at the time the studies were
conducted.30 Blood samples from sympatric males (N = 58)
residing in Ngali II were used as negative controls in the
serological assays.
Detection of P. falciparum infections by microscopy and

histology. Plasmodium falciparum infections were detected
by microscopy and polymerase chain reaction.31 Routine
thick and thin blood smears were prepared from peripheral
blood samples collected during pregnancy and at delivery,
stained with Giemsa, and examined for IE. At delivery,
blood from the intervillous space and placental biopsies was
collected and examined for IE. Awoman was considered to have
PM if IE were detected in either blood smears of intervillous
space blood, impression smears of villous tissue, or histological
sections of the placenta.
VAR2CSA antigens. The panel of recombinant proteins

used has been described previously27 and included FV2,
DBL1 + 2, DBL2, DBL3, DBL4, DBL5, and DBL6 of the
FCR3 strains expressed in baculovirus-transfected insect cells
at the University of Copenhagen, Denmark; DBL1, DBL3,
DBL4, DBL5, and DBL6 for the 7G8 and 3D7 strains
expressed in Pichia pastoris at Seattle Biomedical Research

TABLE 1
Characteristics of women enrolled before and after IPT

Primigravidae Multigravidae

Before
(2001–2004)

After
(2008–2013) P value

Before
(2001–2004)

After
(2008–2013) P value

No. of women 18 37 74 110
Age in years (mean ± SD) 18.1 ± 2.3 19.9 ± 5.9 0.21 27.2 ± 6.4 26.5 ± 6.8 0.54
Gravidity (mean ± SD) 1 1 3.8 ± 2.4 3.6 ± 2.2 0.58
Secundigravidae (%) 16.0% 23.6% 0.27
Gravidity 3–5 (%) 51.4% 45.5% 0.46
Gravidity 6–13 (%) 32.4% 30.9% 0.87

Peripheral malaria positive
at enrollment by blood smear

69% 45% 0.19 31% 22% 0.33

Weeks enrolled in the study (mean ± SD) 19.6 ± 6 17.1 ± 7 0.7 22.2 ± 7 19.2 ± 7 0.6
Weeks on IPT (mean ± SD) 0 12.1 ± 6.7 0 12.8 ± 6.3
No. of SP doses (mean ± SD) 0 1.7 ± 0.8 0 1.8 ± 0.6
Prevalence of women
who used bed nets

0 66% 0 69%

Peripheral blood smear positive
at least one time during the study

77% 60% 0.32 68% 36% 0.0046

Peripheral blood smear positive
more than once during the study

69% 26% 0.0085 39% 9% 0.0003

Peripheral blood smear malaria
positive at delivery*

35% (N = 17) 25% (N = 16) 0.71 22% (N = 72) 4% (N = 45) 0.009

Percent placental malaria positive
at delivery by impression smears*

75% (N = 12) 25% (N = 16) 0.02 52% (N = 65) 13% (N = 45) < 0.0001

IPT = intermittent preventive treatment; SD = standard deviation; SP = sulfadoxine–pyrimethamine. Bold values in the table represent those that were significant (i.e. P < 0.05).
*Based on available placental samples (number shown in parentheses).
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Institute (Seattle, WA)32; and DBL3 from A4 strain expressed
in Escherichia coli at National Institute of Allergy and Infec-
tious Diseases (NIAID), National Institutes of Health (NIH).
Detailed information for each recombinant protein, including
construct boundaries is listed in Supplemental Table 1. In addi-
tion, the following nonpregnancy-associated antigens were
used: recombinant AMA-1 3D7, MSP-142 3D7, and MSP-2
3D7 (provided by the Malaria Vaccine Development Branch,
NIAID, NIH).
Multianalyte platform assay. Ab levels to the panel of

VAR2CSA recombinant proteins were measured in samples
collected during the second and third trimesters and at delivery,
including N = 175 samples from women in the first study and
N = 523 samples from women in the second study. Each antigen
was covalently coupled at optimal concentrations (1 μg for
DBL domains, 3 μg for FV2) to 1 million SeroMap beads
(Luminex, Austin, TX), as previously described.27,33 Antigen-
coupled beads were pooled and tested to confirm that compe-
tition among the antigens did not occur. The serological assay
was performed as described previously.26,27,33 In brief, 50 μL
of antigen-coupled microspheres (2,000 microspheres pertest)
were incubated with 50 μL of a 1:100 dilution of plasma in
PBS-1% BSA (phosphate-buffered saline containing 1%
bovine serum albumin) for 1 hour at 25°C with rotation. The
beads were washed twice with PBS-0.05% Tween20 and once
with PBS-1% BSA. Then, 100 μL secondary Abs (R-Phycoery-
thrin-conjugated, AffiniPure F(ab’)2 Fragment, Goat Anti-
Human IgG Fc Fragment Specific [Jackson Immunoresearch,
West Grove, PA]) diluted to 2 μg/mL in PBS-1% BSA was
added to each well and incubated for 1 hour. Microspheres
were washed, resuspended in 100 μL PBS-1% BSA, and the
microsphere suspension was analyzed using a Liquichip L100
reader (Qiagen, Valencia, CA). The reader was programmed
to analyze a minimum 100 beads per spectral address, DD
Gate 7500-15000. Results are expressed as median fluores-
cence intensity (MFI). Controls were run on each plate and
included three different pools of positive plasma from eight
Cameroonian multigravidae with high Ab levels to VAR2CSA
and pools of negative plasma from 40 Americans (U.S. control)
who never traveled to malaria-endemic areas. The cutoff for
positivity for FV2 and each DBL domain was based on results
from 58 sympatric males. Mean Ab levels plus two standard
deviations (SDs) of U.S. control was used as a cutoff for sero-
positivity to AMA1, MSP1, and MSP2.
Determining the breadth of the VAR2CSA Ab response.

Using the mean + 2SD based on 58 Cameroonian males as
the cutoff, the number of DBL variants that Abs of a woman
recognized was counted, providing a score of 0–14 variants.27

A woman was considered Ab positive for a particular DBL
domain if she had Abs to one or more variants of that
domain (breadth of DBL domains was 0–6).
Avidity to the FV2. Samples collected at delivery or late

in the third trimester were screened in the avidity assay from
FV2-seropositive women as previously described.34 In brief,
plasma was diluted 1:300, 1:1,000 and 1:3,000 in 1% BSA-
PBS, and 50 μL of diluted plasma was added to 50 μL
of FV2-coupled microspheres (2,000 microspheres per test).
After incubation for 1 hour, beads were washed and half of the
paired beads were resuspended in 100 μL of 3MNH4SCN in 1%
BSA-PBS and in 100 μL of 1% BSA-PBS. After 30 minutes,
the beads werewashed, incubatedwith secondaryAbs for 1 hour,
washed, and analyzed by Liquichip L100 as described above.

Avidity was determined for each dilution using the formula:
(MFI obtained from wells incubated with salt)/(MFI
obtained from corresponding control wells) × 100, and the
results were averaged for the three dilutions.
Statistical analysis. For the demographics presented in

Table 1, continuous variables are summarized by means and
SDs, while categorical variables are summarized by frequencies
and percentages. Continuous variables are compared using
a two-sample t test with unequal variances, whereas categorical
variables are compared with Fisher’s exact test. Generalized
additive mixed models with penalized B-splines estimated the
nonlinear trend of MFI across gestation before and after IPT
separately for primigravidae and multigravidae with a random
intercept accounting for correlation within subjects.35 Because
of multiple comparisons of interest in the analyses, the false
discovery rate36 was controlled at 5% separately for each
primigravidae and multigravidae analysis for the six DBL
domains (FCR3 strains). The false discover rate was controlled
only for the DBL domains, since variants of the domains
shared high sequence homology. The statistical analysis was
performed in GraphPad Prism 6 (La Jolla, CA), STATA12
(College Station, TX), and R v3.1.2 (Vienna, Austria).

RESULTS

Description of study participants. Women enrolled before
and after IPT were similar with respect to age, gravidity, and
prevalence of peripheral malaria at enrollment (Table 1).
None of the women enrolled between 2001 and 2004 used
prophylaxis or ITN; whereas, 80% of the women in 2008–2013
received one to three doses of SP for an average of 12.6 weeks
(range: 4–23 weeks) and 68% used ITN. Malaria infections
were significantly reduced in the IPT group, including number
of multigravid women blood smear positive > 1 times during
pregnancy (P = 0.0003), blood smear positive at delivery
(P = 0.009), and percent PM positive (P < 0.0001). Clearly,
malaria was significantly reduced in this central African country
after implementation of IPTand other protectivemethods.
The 147 women in the IPT study reported they had not

taken SP or used ITN before enrollment. Thus, women who
enrolled very late in pregnancy received only zero to one
doses of SP; whereas, those who enrolled earlier received
two to three doses (Table 2). Among 147 women, 30 enrolled
too late to receive IPT or use ITN. Accordingly, a comparison
between women in the two studies who did not receive SP (i.e.,
evaluate the possible influence of reduced malaria transmission),
as well as the influence of zero to three SP doses on Abs to
VAR2CSA, could be made. The 117 women who received
one, two, and three doses of SP should have been protected
from malaria during the last 9, 14, and 20 weeks of pregnancy,

TABLE 2
Number of doses of IPT

Primigravidae (enrolled: N = 37) Multigravidae (enrolled: N = 110)

No. of SP doses n Weeks on SP* No. of SP doses n Weeks on SP

0 6 0 0 24 0
1 10 8.5 (7, 15) 1 21 9 (6, 13)
2 10 13.5 (11, 17) 2 52 14.5 (11, 19)
3 7 20 (13, 22) 3 13 20 (16, 23)

IPT = intermittent preventive treatment; SP = sulfadoxine–pyrimethamine.
Median weeks (25th, 75th percentile are indicated in parentheses).
*Data for four women were not available.

642 BABAKHANYAN AND OTHERS



respectively (Table 2). As a result, PM was reduced at deliv-
ery (Table 1).
Ab levels to FV2 during pregnancy. Ab levels to FV2 were

compared among pregnant women 1) in the first study (N = 92),
2) in the second study who did not use SP (N = 30), and 3)
women who took one to three doses of SP (N = 117)
(Figure 1). No significant differences in Ab levels to FV2 were
observed in the second trimester between primigravidae and
multigravidae enrolled in the two studies, suggesting that
short-term use of SP (median: 5 weeks, interquartile range
[IQR]: 4, 8) did not influence Ab levels. On the other hand,
during the third trimester Ab levels to FV2 were significantly
lower in primigravidae (P = 0.002) and multigravidae (P =

0.0002) receiving SP for ~13 weeks (median: 13 weeks, IQR:
9, 19) compared with before IPT. Thus, taking SP throughout
the second and third trimesters resulted in lower Ab levels
to FV2 at delivery. Data in Figure 1 show that Ab levels to FV2
tended to be lower in women who did not take SP in the second
study (2008–2013) compared with the earlier study (2001–2004),
but the difference was not statistically significant. Figure 2
shows that Ab levels to FV2 at delivery declined between
2004 and 2008. Thus, the combined intervention strategy
resulted in women in the rural villages having lower Ab
levels to FV2.
To further assess this point, the Ab response to FV2 of

individual women is shown in Figure 3 with nonlinear trend
lines superimposed. As expected, variation in the Ab
response was observed among the women. Ab levels rose in
primigravidae before IPT (upward linear trend line) during
pregnancy as they became infected with P. falciparum,
whereas Abs were either not produced or declined (downward
trend line) in primigravidae protected by SP. Before IPT,
essentially all primigravidae produce Abs to FV2 by delivery,
but most primigravidae taking SP lacked Abs to FV2 at
delivery. Thus, IPT had a significant impact on the immune
response to VAR2CSA. Among multigravidae, the overall
trend before IPT was for significant boosting to occur during
the first half of pregnancy, with maximal levels reached by
midpregnancy (~24–25 weeks) and remaining high thereafter.
Essentially, all multigravidae had FV2 Abs at delivery. In
contrast, lower levels of Abs were reached by midpregnancy
in women taking SP, with levels modulating thereafter.
Approximately one-third of the multigravidae taking SP
were Ab-negative at delivery. Thus, a significant decrease in
prevalence of Abs to FV2 at delivery was observed in
women receiving IPT (P = 0.03).

FIGURE 1. Antibody (Ab) levels to full-length VAR2CSA during
the second and third trimesters. Ab levels are shown as median
(25th, 75th interquartile range) to FV2. Blue dotted line represents
cutoff for seropositivity (5,964 MFI). A two-sample t test with
unequal variances was used to compare the groups. Information on
length of gestation (median and 25th, 75th percentile weeks) and
length on SP (weeks) is provided below each graph. IPT = intermit-
tent preventive treatment; MFI = median fluorescence intensity;
SP = sulfadoxine–pyrimethamine.

FIGURE 2. Antibody (Ab) levels to full-length VAR2CSA (FV2)
at delivery before and after intermittent preventive treatment (IPT).
Ab levels to FV2 in median fluorescence intensity (MFI) are shown
for women enrolled before IPT (2001–2004) and after IPT who used
SP (2009–2012). Data for 2008 and 2013 are not shown because data
for only a few months at the beginning and end of the study were
available. Horizontal lines represent median and 25th, 75th inter-
quartile range.
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FIGURE 3. Antibody (Ab) levels to full-length VAR2CSA throughout pregnancy in individual women. Each line represents an individual
woman. Solid line on the y axis represents cutoff for seropositivity (5,964 median fluorescence intensity [MFI]) based on Ab levels in males. The
nonlinear trend lines were estimated with generalized additive mixed models with penalized B-spines. Vertical solid lines indicate the time point
when half the women started taking sulfadoxine–pyrimethamine (22 weeks for primigravidae and 21 weeks for multigravidae).

TABLE 3
Percentage of Ab-positive women at delivery

Primigravidae Multigravidae

Before IPT, N = 18 After IPT, N = 28† P* Before IPT, N = 73 After IPT, N = 86† P*

AMA1 3D7 94 100 0.390 99 99 1.000
MSP1 3D7 89 96 0.552 99 99 1.000
MSP2 3D7 89 96 0.552 97 98 1.000
DBL1 3D7 0 7 0.513 11 32 0.002‡
DBL1 7G8 0 11 0.270 0 18 < 0.0001‡
DBL1 + 2 FCR3 17 7 0.366 27 25 0.857
DBL2 FCR3 0 0 – 10 9 1.000
DBL3 7G8 44 21 0.115 79 64 0.053
DBL3 A4 FCR3 44 18 0.092 73 57 0.049
DBL3 FCR3 33 11 0.124 45 38 0.421
DBL4 7G8 33 7 0.042 70 51 0.016
DBL4 FCR3 17 4 0.284 32 30 0.864
DBL4 IT4 22 18 0.721 55 40 0.081
DBL5 3D7 61 32 0.072 88 79 0.205
DBL5 7G8 83 50 0.030 95 85 0.071
DBL5 FCR3 78 36 0.007 92 84 0.156
DBL6 FCR3 22 4 0.069 56 26 0.000
FV2 FCR3 61 29 0.037 88 74 0.030

Ab = antibody; DBL = Duffy antigen-binding ligand; FV2 = full-length VAR2CSA; IPT = intermittent preventive treatment. Bold values represent those that are significant (P < 0.05).
*Fisher’s exact t test. Cutoff s for seropositivity for each FV2-associated antigen was based on mean + 2SD of Ab levels in sympatric males; cutoffs for merozoite antigens were the mean +

2SD of Ab data for U.S. adults. Bolded P values indicate domains that were significant after controlling for false discovery rate at 5%.
†Percentage calculated based on the delivery or last samples in the third trimester for women who had taken sulfadoxine–pyrimethamine.
‡Prevalence increased.
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Abs to VAR2CSA DBL domains in primigravidae. Since
primigravidae receiving one to three doses of SP had significantly
lower Ab levels to FV2, the study investigated if Ab levels
were reduced to all, or only a few, DBL domains within FV2
(Figure 4). Overall, Ab levels were lower to the DBL3 and
the C-terminal region, that is, DBL4–6. After controlling for
multiple comparisons, Ab responses to these domains
remained significant. The number of primigravidae per
group was limited, so the effect of number of doses or length
of antimalarial coverage could not be determined. SP did not
affect Ab levels or prevalence to AMA1, MSP1, and MSP2,
as 96–100% of primigravidae remained Ab positive (Table 3).
Ab levels to DBL domains in multigravidae. Ab levels

were reduced in multigravidae taking IPT, not only to FV2,
but also DBL5 (7G8: P = 0.008 and FCR3: P = 0.01) and
DBL6 (FCR3: P < 0.001), even after controlling for multiple
comparisons (Figure 5). As a result, the Ab prevalence at
delivery to DBL6 was lower (FCR3: P < 0.0001) (Table 3).
Interestingly, Ab levels were significantly increased to both
strains of DBL1 in women receiving SP, whereas Abs to MSP2
declined. Overall, Ab levels of women receiving three doses
of SP tended to be lower to multiple domains, no significant
difference in Ab levels to FV2 or the any of the DBL
domains was observed at delivery among multigravidae
receiving one, two, or three doses of SP.

Ab responses associated with absence of PM. Because the
proportion of high avidity Ab to FV2 and number of DBL
domains and variants recognized were reported to be associated
with absence of PM, the influence of IPT on these immune
parameters was assessed (Figure 6). Both primigravidae and
multigravidae taking SP had a lower proportion of high avidity
Ab to FV2 at delivery (P = 0.0014 and 0.031, respectively)
(Figure 6). In addition, the Ab repertoire for different DBL
domains and geographic variants was also reduced in
these women.

DISCUSSION

The aim of this study was to evaluate the influence of
implementation of IPT, ITN, and other preventive measures
on the Ab response to VAR2CSA, including Ab acquisition,
maintenance, amount, repertoire of multiple DBL domains
and variants recognized, and proportion of high avidity Ab
to FV2 in primigravid and multigravid women. Previous
studies evaluating the influence of IPT measured Abs that
bound to the surface of CSA-binding IE15,16,23,25,34 or
DBL524,34 in cohorts of women consisting of either primigravidae
alone or a combination of primigravidae and multigravidae.
Thus, the direct influence of IPT on multigravidae has not
been assessed. Prior studies reported that Ab levels either

FIGURE 4. Antibodies (Abs) to Duffy antigen-binding ligand (DBL) domains in primigravidae at delivery. Ab levels at delivery (or last visit
during the third trimester) were measured in primigravidae before (N = 18) and after (N = 27) intermittent preventive treatment (IPT) (median
fluorescence intensity [MFI], interquartile range). All women in the IPT group received at least one dose of sulfadoxine–pyrimethamine. Statisti-
cal analysis: two-sample t test with unequal variances. After taking multiple comparisons into consideration for the six DBL domains, the differ-
ences remained significantly reduced.

645IMPACT OF IPT ON ANTIBODIES TO VAR2CSA



decreased23,24 or remained unchanged25,35 in women receiving
IPT. An early study found that chloroquine prophylaxis
reduced acquisition of Abs to the surface of CSA-binding IE in
primigravidae.15 Thus, additional studies on the impact of IPT
were needed, especially in multigravidae. In addition, the impact
of IPT might change across different geographic conditions and
deserved further investigation.
Prevention of malaria during pregnancy includes use of IPT,

ITN and effective case management. IPT implementation

began in 2004 in Cameroon, with the goal of pregnant
women taking three doses of SP between the 16th and 36th
week of pregnancy.37 In this study, women had access to IPT
and 69% used ITN, thus the decline in malaria prevalence
during pregnancy and PM at delivery, as well as changes in Ab
response to VAR2CSA, resulted from the combined effect of
IPT and ITN. In parallel, a general reduction of malaria
transmission occurred in the rural village of Ngali II and
Ntouessong, from 0.7 to 0.34 infectious mosquito bites per

FIGURE 5. Antibody (Ab) levels to Duffy antigen-binding ligand (DBL) domains in multigravidae at delivery. (A) Ab levels to DBL domains
(median fluorescence intensity [MFI], interquartile range) were measured in 73 women before intermittent preventive treatment (IPT) and in 86
women who received at least one dose of sulfadoxine–pyrimethamine (SP). (B) Influence of number of SP doses on Ab levels (median MFI,
interquartile range) to DBL domains (FCR3 strain unless otherwise specified) were measured at delivery. Statistical analysis: two-sample t test
with unequal variances. After taking multiple comparisons into account for DBL domains, the differences remained significant.
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night. Since many of the women receiving IPT also used
ITN, it is not possible to determine how frequently they
became infected with malaria during pregnancy. However,
45% of primigravidae and 22% of multigravidae were blood
smear positive at enrollment; 60% of primigravidae and 36%
of multigravidae were blood smear positive at least once during
pregnancy; and 25% and 13% of primigravid and multigravid
women, respectively, had PM in this high-transmission setting
(Table 1). These data suggest that exposure to malaria
remained high and the initial recommendation of three doses
of SP was inadequate to prevent malaria both in early and
throughout pregnancy.
This is the first study to report the influence of IPT on Ab

levels to the FV2 in longitudinal cohort of primigravidae.
Similar to previous studies that measured Abs to the surface
of CSA-binding IE,21 reduced exposure to malaria in
primigravidae resulted in reduced Ab acquisition to VAR2CSA
(Figures 1–3). After the first dose of SP, a general decline in Abs
to VAR2CSA in primigravidae was observed, suggesting that
only short-lived plasma cells had been produced. Overall,
71% of primigravidae were Ab negative at delivery. This is
in contrast with the situation before IPT where, by mid-
pregnancy, primigravidae had Abs to FV2 and only 39% were
seronegative to FV2 at delivery.
Multigravidae taking SP had a more complex depiction.

Overall, ~70% of multigravidae were Ab positive to FV2 on
enrollment, showing that Abs had either persisted since the
last pregnancy or were produced early in the current pregnancy
through activation of memory B cells. Accordingly, a woman’s
immune status before starting SP treatment (first or early
second trimester) in the current pregnancy is a major component
in determining her immune status in subsequent pregnancies.
Two distinct subgroups of multigravidae were seen in this
high-transmission setting, namely, low and high responders
(Figures 1 and 3). Among the low responders, the majority
of women were seronegative at delivery and more likely to have
had only one to two prior pregnancies. In contrast, the high
responders were more likely to be gravidity 4 and above.
Women in low- and high-responder groups tended to maintain
Ab levels to FV2 throughout pregnancy, with some women
exhibiting decreased and a few having increased Ab levels by
the time of delivery. Women with increased Ab levels probably
became infected with P. falciparum when SP levels declined
below effective levels because of a delay in taking SP.
A recent study in Cameroon38 showed that clinical malaria
was associated with long spacing between SP doses. In our
study, malaria was not always detected in blood smears when
Ab levels increased, suggesting that the women rapidly
cleared their infections or had submicroscopic infections.
These results support the conclusion of Aitken and others.23

that undetectable submicroscopic infections in women receiving
SP might lead to Ab boosting. Prior to IPT, a pronoun-
ced boosting occurred before 20–22 weeks of gestation in
multigravidae, which allowed low responders to seroconvert
before delivery. This boosting effect during the second tri-
mester was prevented by the first dose of SP that was
received around the 21st week of gestation (Figure 3). As a
result, 26% of multigravidae were seronegative at delivery
(Table 3). Overall, the small number of multigravidae who
received three doses of SP tended to have lower Ab levels to
VAR2CSA domains (Figure 5).

FIGURE 6. Comparison of immune responses associated with
absence of placental malaria. Plasma samples collected at or near deliv-
ery were used in assays to measure (A) percent high avidity of anti-
body (Ab) to full-length VAR2CSA (FV2) (i.e., percent of Abs that
remain bound to FV2 in the presence of 3M NH4SCN), (B) number
of Duffy antigen-binding ligand (DBL) domains that Abs of women
recognized, and (C) number of variants recognized in women
enrolled before and after intermittent preventive treatment (IPT)
who took one to three doses of sulfadoxine–pyrimethamine . Statistical
analysis: two-sample t test with unequal variances. Horizontal lines
represent median values and bars represent interquartile range.
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Researchers continue to search for reliable correlates of
protection from PM. Various VAR2CSA domains have
received attention as they elicit Abs associated with inhibition
of binding: ID1-ID2a, DBL1, DBL1-DBL2, DBL3, DBL4,
DBL5, DBL628,39–44 and opsonic phagocytosis: DBL2, DBL3,
DBL545 activity. Having high Ab levels to FV2, > 35% of Abs
to FV2 with high avidity, and broad DBL repertoire early in
pregnancy were also associated with absence of PM at deliv-
ery.26,27 And, finally, high Ab levels to DBL1 + 2 and DBL3
were reported to be surrogates of protection from PM.28

Thus, the above Ab properties were assessed. CSA minimal
binding site of VAR2CSA, ID1-ID2a, was not included in the
study, since the Ab responses of Cameroonian women does
not appear to be pregnancy specific.34 Results reported
herein show that the VAR2CSA Ab response in
primigravidae on IPT were poor, as most primigravidae
lacked high Ab levels to FV2 (Figures 1 and 3); Abs to
C-terminal DBL domains, especially DBL5; high avidity Ab
to FV2; and recognized only few domains and/or variants
(Figure 6). These data suggest that primigravidae on IPT do not
have immunological protection from PM at delivery and will
be compromised during future pregnancies. In contrast,
many multigravidae taking SP maintained solid Ab response
to VAR2CSA that were likely boosted before taking SP during
the current pregnancy. However, even among multigravidae,
some women, especially those with two to three prior pregnancy,
had significantly reduced Ab levels to FV2 (Figure 1),
DBL5, and DBL6 (Figure 5) and lower proportion of high
avidity Ab (Figure 6) and breadth of repertoire (Figure 6).
Future studies need to address the impact of IPT on additional
Ab responses that are associated with absence of PM, such
as inhibition of binding and phagocytosis.46 Longitudinal
data from individual multigravidae in this study suggest that
lower Ab levels in women using IPT most likely resulted
from lack of boosting and fine tuning of the VAR2CSA
response during the second/third trimester and not from
a short-lived Ab response.
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