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Pregnant women are susceptible to Plasmodium falciparum parasites that sequester in the placenta. The
massive accumulation of infected erythrocytes in the placenta has been suggested to trigger the deleterious
effects of malaria in pregnant women and their offspring. The risk of malaria is also high during the
postpartum period, although mechanisms underlying this susceptibility are not known. Here, we aimed to
identify host factors contributing to the risk of postpartum infections and to determine the origin of postpar-
tum parasites by comparing their genotypes with those present at the time of delivery. To address this, blood
samples were collected at delivery (n � 402) and postpartum (n � 354) from Mozambican women enrolled in
a trial of intermittent preventive treatment in pregnancy (IPTp). P. falciparum was detected by real-time
quantitative PCR (qPCR), and the parasite merozoite surface protein 1 (msp-1) and msp-2 genes were
genotyped. Fifty-seven out of 354 (16%) women were infected postpartum as assessed by qPCR, whereas
prevalence by optical microscopy was only 4%. Risk of postpartum infection was lower in older women (odds
ratio [OR] � 0.34, 95% confidence interval [CI] � 0.15 to 0.81) and higher in women with a placental infection
at delivery (OR � 4.20, 95% CI � 2.19 to 8.08). Among 24 women with matched infections, 12 (50%) were
infected postpartum with at least one parasite strain that was also present in their placentas. These results
suggest that parasites infecting pregnant women persist after delivery and increase the risk of malaria during
the postpartum period. Interventions that reduce malaria during pregnancy may translate into a lower risk of
postpartum infection.

Sequestration of erythrocytes infected by mature forms of
Plasmodium falciparum is a characteristic feature of malaria
infections (31). This phenomenon is thought to play a crucial
role in the pathogenesis of severe malaria disease (22). Organ-
specific sequestration of P. falciparum is particularly remark-
able during pregnancy when massive numbers of infected
erythrocytes accumulate in the intervillous spaces of the pla-
centa (46). This situation, referred to as placental malaria, has
been suggested to contribute to poor delivery outcomes (5).
Placental tropism of the parasite is mediated through a specific
P. falciparum erythrocyte membrane protein (PfEMP1) codi-
fied by var2csa, which mediates adherence to the placental
receptor chondroitin sulfate A (CSA) (13, 36). Malaria suscep-
tibility in pregnant women has been explained as a conse-
quence of the lack of antibodies blocking adhesion of infected
erythrocytes to placental CSA (14). However, immunity to
CSA-binding parasites and reduced risk of poor delivery out-
comes have been associated in some studies (9, 14, 41) but not
in others (4, 6, 11, 39). Furthermore, the high incidence of
malaria episodes observed a few weeks after delivery (8, 15, 34)

suggests that other mechanisms may be also involved in the
susceptibility of pregnant women to malaria.

Placental sequestration of P. falciparum complicates detec-
tion and quantification of infections during pregnancy, as par-
asites may be present in the placenta yet not detectable in
peripheral blood (44). Moreover, infections at densities below
the limit of microscopic detection (submicroscopic infections)
contribute to the underestimation of the actual burden of P.
falciparum infection among pregnant women in areas where
malaria is endemic (25, 28, 37). The PCR method has the
potential to overcome these limitations by providing a more
sensitive estimate of maternal infections (44). Some studies
have shown the clinical importance of submicroscopic infec-
tions (24, 28, 32) and the utility of quantitative PCR to predict
poor delivery outcomes (1, 23). However, no study has assessed
the prevalence of submicroscopic infections in women postpar-
tum.

PCR-based genotyping of P. falciparum polymorphic mark-
ers allows the comparison of peripheral and placental parasite
populations infecting women at delivery (17–19, 25, 38). Sim-
ilar genotyping approaches can be used to determine if malaria
infections during the postpartum period are caused by new
infections or rather by the same parasites that persist after
delivery. However, to date only one study, based on a small
number of isolates, has addressed this issue (34).

The aim of this study was, therefore, to assess potential risk
factors contributing to P. falciparum infection postpartum. To
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achieve this, we first estimated the burden of P. falciparum
infection among Mozambican women at delivery and during
the postpartum period using a PCR-based detection technique.
For those women that were infected at both time points, we
determined the origin of postpartum parasites by comparing their
genotypes with those of parasites present at the time of delivery.

MATERIALS AND METHODS

Study area and population. The study was conducted at the Centro de Inves-
tigação em Saúde da Manhiça (CISM) in Manhiça District of southern Mozam-
bique between 2003 and 2005 before intermittent preventive treatment in preg-
nancy with sulfadoxine-pyrimethamine (IPTp-SP) was recommended by the
Ministry of Health. The characteristics of the area have been described in detail
elsewhere (2). Perennial malaria transmission with some seasonality is attribut-
able mostly to Plasmodium falciparum, and the estimated entomological inocu-
lation rate for 2002 was 38 infective bites per person per year. IPTp with SP had
a protective efficacy against clinical malaria episodes of 74.1% (95% confidence
interval [CI], 30.8 to 90.3) after dose 1 and 71.4% (95% CI, 13.1 to 90.6) after
dose 2 (30). More than 90% of the pregnant women attend the antenatal care
clinic at least once, and 80% of the pregnant women in this area have an
institutional delivery (30).

Study design. This study was done in the context of a randomized, double-
blind, placebo-controlled trial of IPTp with SP (trial registration number
NCT00209781) (30). In brief, women were enrolled in the study, received a
long-lasting insecticide-treated net, and were randomized to receive placebo or
SP if their gestational age was �12 and �28 weeks. SP doses were given twice in
the second trimester, at least 1 month apart. Maternal HIV-1 status was deter-
mined with the Determine HIV-1/2 rapid test (Abbott Laboratories, North
Chicago, IL) and confirmed with the Unigold rapid test (Trinity Biotech, Bray,
Ireland). At the time of delivery, thin and thick smears of maternal peripheral
blood were collected for examination of malarial parasites according to quality
control procedures (3), birth weight was measured, and the maternal hematocrit
was quantified in a microcapillary tube after centrifugation. Placental biopsy
specimens were collected from the maternal side of the placenta and processed
for histological examination as described elsewhere (16). Postpartum capillary
blood samples were also collected 4 to 8 weeks after delivery for parasitological
and hematocrit determinations. Blood samples from the placenta and periphery
of pregnant women were collected at delivery, as well as postpartum, onto filter
papers (Schleicher & Schuell number 903TM; Dassel, Germany). Women with a
P. falciparum infection detected by microscopy in their peripheral blood were
referred to receive SP and chloroquine at the pharmacy of the Manhiça Disctrict
Hospital. Out of the 1,030 women participating in the IPTp trial, 402 (40%) were
included in this study by random selection stratified by HIV status. Written
informed consent was obtained from all study participants. The study was ap-
proved by the national Mozambican ethics review committee and the Hospital
Clínic of Barcelona ethics review committee.

P. falciparum detection and genotyping by PCR. DNA was extracted from a
drop of 50 �l blood onto filter paper with an ABIPrism 6700 automated nucleic
acid work station (Applied Biosystems) and finally resuspended in 200 �l of
water, according to the manufacturer’s instructions. Five microliters of DNA
samples were screened for P. falciparum DNA by real-time quantitative PCR
(qPCR) described elsewhere (28). A negative-control sample with no template
DNA was also run in all reactions.

P. falciparum infections were genotyped if parasites were detected by qPCR in
more than one of the matched samples (placental, peripheral at delivery and
postpartum) collected from study participants. Merozoite surface protein 1
(msp-1) and msp-2 genes were amplified through nested PCR (40) by using 5 �l
of template DNA in the primary PCR and 2 �l of the product obtained to initiate
the secondary PCR. The glutamate-rich protein gene was not used in this study
due to its limited diversity among the parasite population in the Manhiça area
(data not shown). Amplification products were electrophoresed in 2.5% agarose
(LM Sieve:agarose [3:1]) and visualized by UV transillumination. The products
of paired samples were loaded side by side for better comparison of the size and
the number of PCR fragments. Each P. falciparum genotype was characterized
on the basis of the fragment size of the PCR product of each locus. Size alleles
were allocated into bins of 20-base pair-size ranges. Genotypic profiles of pe-
ripheral-placental matched samples were termed “divergent” if none of the
msp-1 and msp-2 genotypes in one sample were present in the other, “identical”
if the same msp-1 and msp-2 genotypes were observed in both samples, and
“overlapping” if there was partial sharing of genotypes. Postpartum infections
were considered persistent if at least one msp-1 genotype and one msp-2 geno-

type were also present at delivery among women with paired infections. To
eliminate the possibility of misclassifying infections with common variants as
persistent (20), a postpartum episode was considered indeterminate if the infec-
tions at delivery and during the postpartum period shared only high-frequency
(�10%) msp-1 and msp-2 genotypes in the parasite population infecting preg-
nant women from the study area (28).

Definitions and statistical analysis. Pregnant women were classified as first-
time mothers (primigravidae [PG]) and those with at least one previous preg-
nancy (multigravidae [MG]). Age was categorized as �20, 21 to 25, and �25
years. Microscopic peripheral infection was defined as the presence of asexual
parasites assessed by optical examination of blood smears. Active placental
infection was defined as the presence of parasites in histological sections. Sub-
microscopic infections were those undetected by microscopy or placental histol-
ogy which gave a positive qPCR result. Anemia was considered if the hematocrit
was �33%, and low birth weight (LBW) if the birth weight was �2,500 g. The
sensitivity and specificity of microscopy were calculated by considering qPCR as
the gold standard. Statistical analysis was performed using Stata 10.0 (StataCorp,
College Station, TX). Prevalences of matched infections at delivery and during
the postpartum period were compared by the use of McNemar’s test. Logistic
regression models were used to estimate the association of infection at delivery
or during the postpartum period with parity, age, HIV, IPTp, parasitemia in
other compartments, and maternal anemia. Multiplicity of infection (MOI),
which was estimated as the highest number of msp-1 or msp-2 alleles detected in
the sample, was analyzed by Poisson regression models, taking into account the
matching between samples collected from the same woman. Multivariate models
were estimated to assess the independent associations of age, parity, HIV, and
IPTp with maternal infection. These models were estimated using a forward-
stepwise procedure, using P values below 0.05 and above 0.10 from the likelihood
ratio test as enter and remove criteria, respectively. P values less than 0.05 were
considered statistically significant.

RESULTS

Among the 402 women with a singleton pregnancy included
in the study, 104 (26%) were PG, 203 (50%) had received SP
as IPTp, and 194 (48%) were HIV positive. Mean maternal age
was 24.2 (standard deviation [SD], 6.4). One hundred sixty-
eight (42%) mothers had anemia at delivery, and 45 (11%)
delivered an LBW baby. No differences in terms of parity, age,
prevalence of malaria infection, anemia, and LBW were ob-
served between the subgroup of women selected for this study
and the 1,030 total women participating in the randomized trial
(all P values were �0.422, Fisher’s exact test) (30). Filter pa-
pers were available for 402 (100%) peripheral samples taken at
delivery, 350 (87%) placental samples, and 354 (88%) periph-
eral samples taken postpartum (median number of days after
delivery, 32; interquartile range, 31 to 42). The prevalence of
postpartum anemia was 23% (80 out of 353 women [1 missing
datum]).

P. falciparum infection detected in women at delivery and
postpartum. Prevalences of qPCR-detected P. falciparum in-
fections (32% in placental blood, 30% in peripheral blood at
delivery, and 16% in postpartum peripheral blood) were
higher than those detected by placental histological examina-
tion (active infections, 16%) or by light microscopy (12% in
peripheral blood at delivery and 4% in postpartum peripheral
blood) (P � 0.001 for all comparisons) (Table 1). All blood
slide-positive samples taken from the peripheral blood of
women at delivery (n � 47) and postpartum (n � 14) were also
positive by qPCR, whereas 7 out of the 55 placental active
infections determined by histology were negative by qPCR.
The specificity of microscopic and histologic diagnoses was
high (97% to 100%) (Table 1). Prevalences of submicroscopic
infection at delivery were similar in peripheral (73/352, 21%)
and placental (62/288, 22%) samples (P � 0.781) and higher

VOL. 79, 2011 POSTPARTUM MALARIA INFECTION 299



than the prevalence of submicroscopic infection detected post-
partum (43/340, 13%; P � 0.018).

The multivariate analysis showed that parity was indepen-
dently associated with peripheral infections at delivery de-
tected by microscopy and qPCR, with active placental infec-
tions detected by histology, and with postpartum infections
detected by microscopy (Tables 2 and 3). On the other hand,
maternal age was found to be independently associated with
placental and postpartum infection when parasites were de-
tected by qPCR (Tables 2 and 3). IPTp with SP was associated
with a lower risk of microscopic and submicroscopic infections
at delivery, both in the periphery and placenta (Tables 2). The
univariate analysis showed that the risk of infection detected by
qPCR postpartum was higher among women with qPCR-de-
tected peripheral infection (odds ratio [OR] � 3.83, 95% CI �
2.04 to 7.21) and qPCR-detected placental infection (OR �
4.65, 95% CI � 2.45 to 8.82) (P � 0.001, in both cases).
However, the multivariate analysis showed that this association
was found only for placental infection detected by qPCR
(OR � 4.20, P � 0.001) or placental submicroscopic infection
(OR � 5.14, P � 0.001) (Table 3). No association was found
between HIV and P. falciparum infection detected at delivery
or postpartum (Tables 2 and 3). Risk of maternal anemia at
delivery was found to be independently associated with HIV
infection (OR � 2.30, 95% CI � 1.42 to 3.70; P � 0.001) and
the presence of a placental active infection detected by histol-
ogy (OR � 1.95, 95% CI � 1.04 to 3.67; P � 0.038) or qPCR
(OR � 2.13, 95% CI � 1.29 to 3.53; P � 0.003). In the
postpartum period, anemia tended to be associated with mi-
croscopically detected infections (OR � 2.31, 95% CI � 0.73
to 7.32; P � 0.153), although this trend was not found for
qPCR-detected infections (OR � 1.02, 95% CI � 0.50 to 2.06;
P � 0.961).

Genotypic profiles at delivery. Among the 350 study women
with filter papers available for matched peripheral and placen-
tal samples, 140 (40%) presented qPCR-detected infection at
least in one of the two compartments. Among these, 27 (19%)
were infected only at the periphery, 30 (22%) only at the
placenta, and 83 (59%) both at the periphery and the placenta.
P. falciparum msp-1 and msp-2 were successfully genotyped in
matched peripheral and placental samples from 65 (78%) out
of the 83 double-positive women. The MOIs for placental
(3.65; SD, 1.91) and peripheral (3.54; SD, 1.83) blood at de-
livery were similar (P � 0.504) and were not found to be
associated with IPTp, parity, age, and HIV status. Peripheral
and placental parasites were genotypically identical in 18 out of

the 65 (28%) paired infections, whereas profiles were totally
divergent in 4 (6%) matched infections. The remaining 43
(66%) pairs presented overlapping genotypes. Overall, 28 out
of 65 (43%) matched samples presented at least 1 genotype
that was detected in the periphery but not in the placenta,
whereas 36 out of 65 (55%) pairs presented at least 1 genotype
in the placenta that was not detected in the periphery.

Postpartum genotypic profiles. Among the 57 women with
P. falciparum infection detected by qPCR postpartum, 39
(68%) were also positive at the time of delivery, either in
peripheral (31/57 [54%]) or placental blood (32/53 [60%]; pla-
cental sample not available for 4 women). The postpartum
MOI (2.81; SD, 1.92) was significantly lower than the MOI at
delivery (defined as the highest MOI among placental and
peripheral infection in the same women; 4.03; SD, 2.00) (P �
0.010) and also lower in postpartum samples from mothers
who had received SP (1.80; SD, 0.92) compared to placebo
recipients (3.44; SD, 2.13, P � 0.017). Twenty-six postpartum
samples were successfully genotyped and compared with
matching samples collected from women at delivery (24 paired
placental postpartum samples and 19 paired periphery post-
partum samples). At least 20 (77%) out of these 26 women
were not treated at delivery, as they were negative by standard
microscopic examination (i.e., had submicroscopic infections).
Based on concordance of both the msp-1 genotype and msp-2
genotype, it was found that 13 out of the 26 women (50%) were
infected postpartum with a P. falciparum parasite that was also
present at delivery, either in the placenta (13/24 [54%]) or in
peripheral blood (8/19 [42%]) (Table 4). Two paired infections
(one placental [postpartum] and another peripheral [postpar-
tum] from the same woman) shared only msp-1 and msp-2
common genotypes (�10% prevalence) and were considered
indeterminate. After discarding these infections, 12 out of the
26 women (46%) were considered to have an infection at
delivery persisting from delivery, either in the placenta (12/24
[50%]) or in peripheral blood (7/19 [37%]) (Table 4). Persis-
tence of genotypes was found till 62 days postdelivery (median,
32 days; range, 28 to 62). The hematocrit of the women with
persistent postpartum parasites (34.1%; SD, 3.8) tended to be
lower than the hematocrit in women with postdelivery infec-
tions by new parasites (37.4%; SD, 3.6; P � 0.064).

DISCUSSION

Eighty-five million pregnant women worldwide are exposed
annually to P. falciparum infection (7). Consequently, all these

TABLE 1. Prevalence of P. falciparum maternal infection and sensitivity/specificity of microscopy and placental histology

Parameter
P. falciparum infection at:

Periphery (delivery) Placenta (delivery) Periphery (postpartum)

Prevalence by optical examination, no. of positive samples/total no.
of samples (%)a

47/399 (12) 55/343 (16) 14/354 (4)

Prevalence by qPCR, no. of positive samples/total no. of samples (%) 120/399 (30) 110/343 (32) 57/354 (16)
Sensitivity, no. of positive samples by optical examination and qPCR/

no. of positive samples by qPCR (%)
47/120 (39) 48/110 (44) 14/57 (25)

Specificity, no. of negative samples by optical examination and
qPCR/no. of negative samples by qPCR (%)

279/279 (100) 226/233 (97) 297/297 (100)

a Active infections by microscopy or histology.
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women are at risk of suffering the adverse effects that have
been attributed to maternal malaria not only during gestation
(5), but also in the postpartum period (45). Molecular detec-
tion of P. falciparum in the context of clinical trials evaluating
tools to reduce malaria during pregnancy can provide valuable
information on the burden and dynamics of maternal infec-
tions. This study shows that microscopy of peripheral blood

fails to detect an important proportion of maternal infections
(i.e., submicroscopic infections, 21%), as previously reported
for pregnant women (19%) (28) and nonpregnant adults
(35%) (26) from the same study area. Discrepancies are espe-
cially remarkable during the postpartum period, as 75% of the
qPCR-detected parasitemias remained unnoticed under opti-
cal examination. Microscopic infections during the postpartum

TABLE 2. Descriptive and multivariate association between host factors and P. falciparum infection in peripheral blood and placenta of
pregnant women at delivery

Parameter

Infection at deliverya

Periphery Placenta

No. of positive
samples/total

no. of samples
(%)

ORb 95% CI

No. of positive
samples/total

no. of samples
(%)

ORb 95% CI

Microscopy/histology
Age (yr)

�20 23/130 (18) 28/111 (25)
21–25 9/101 (9) 9/89 (10)
�25 7/128 (5) 13/109 (12)

Parity
PG 21/100 (21) 1 25/87 (29) 1
MG 18//259 (7) 0.26 0.13–0.53d 25/222 (11) 0.30 0.16–0.57d

HIV
Neg 16/167 (10) 21/144 (15)
Pos 23/192 (12) 29/165 (18)

IPTp
Placebo 28/172 (16) 1 32/146 (22) 1
SP 11/187 (6) 0.30 0.14–0.63d 18/163 (11) 0.42 0.22–0.79e

qPCR
Age (yr)

�20 44/130 (34) 45/111 (41) 1
21–25 31/101 (31) 30/89 (34) 0.71 0.39–1.29
�25 30/128 (23) 23/109 (21) 0.37 0.20–0.69d

Parity
PG 37/100 (37) 1 33/87 (38)
MG 68/259 (26) 0.58 0.35–0.97e 65/222 (29)

HIV
Neg 48/167 (29) 44/144 (31)
Pos 57/192 (27) 54/165 (33)

IPTp
Placebo 67/172 (39) 1 60/146 (41) 1
SP 38/187 (20) 0.39 0.24–0.63d 38/163 (23) 0.42 0.26–0.70d

Submicroscopic infectionsc

Age (yr)
�20 21/107 (20) 20/83 (24)
21–25 22/92 (24) 21/80 (26)
�25 23/121 (19) 14/96 (15)

Parity
PG 16/79 (20) 11/62 (18)
MG 50/241 (21) 44/197 (22)

HIV
Neg 32/151 (21) 28/123 (23)
Pos 34/169 (20) 27/136 (20)

IPTp
Placebo 39/144 (27) 1 31/114 (27) 1
SP 27/176 (15) 0.49 0.28–0.85e 24/145 (17) 0.53 0.29–0.97e

a Included in the analysis are those women with data available for all variables considered in the model. OR, odds ratio; CI, confidence interval; PG, primigravidae;
MG, multigravidae; IPTp, intermittent preventive treatment during pregnancy; SP, sulfadoxine-pyrimethamine; qPCR, quantitative PCR; Neg, negative; Pos, positive.

b Logistic regression model, mutivariate stepwise analysis.
c Microscopy negative and qPCR positive.
d P � 0.005.
e P � 0.05.
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period, but not qPCR-detected infections, also tend to increase
the risk of anemia, suggesting that patent infections during the
postpartum period may be of clinical relevance.

In agreement with previous studies reporting an increased sus-
ceptibility to malaria during puerperium (34), this study shows
that a notable percentage of Mozambican women (16%) were
infected postpartum. Whereas the increased risk of malaria dur-
ing pregnancy has been attributed to sequestration of P. falcipa-
rum in the placenta (13), little is known about mechanisms un-
derlying susceptibility during the postpartum period (8, 34). Our
results show that maternal age was independently associated with
qPCR-detected infections in the peripheral blood of pregnant
women during the postpartum period, as well as in their placentas
at delivery. These data suggest that young women may be at
increased risk of infection during pregnancy and the postpartum
period, probably because they might still be in the process of
acquiring natural immunity to malaria (35, 43). In contrast, HIV
infection, which has been shown previously to increase the risk of
malaria in the postpartum period (21) and during pregnancy (42),
was not found to contribute to P. falciparum infection in this
study, although discrepancies may be due to differences in study
designs and patient characteristics.

Placental infection was found to be a significant risk factor for
subsequent infection during the postpartum period, when para-
sites were detected by qPCR. Previous studies based on optical
detection of infection (8, 34) might have missed this association
because of the lower sensitivity of microscopy, pointing out the
relevance of submicroscopic infections. The relationship between
infections before and after delivery could be explained by similar
risks of infection during pregnancy and the postpartum period
due to environmental or host factors. Alternatively, maternal in-
fections at the end of pregnancy (most of them untreated because
parasitemias were under the detection threshold of microscopy)
may persist after delivery and thus contribute to the increased risk
of postpartum parasitemia. In agreement with this interpretation,
molecular analysis of matched infections at delivery and during
the postpartum period showed that half (12/24) of the women
were infected postpartum with at least one parasite strain that was
also present in their placentas. Of importance, our results suggest
that parasites persisting after delivery may be of clinical relevance,
as they tended to be associated with a lower hematocrit than the
hematocrit in women with postdelivery infections by new para-
sites. These results are in contrast with a previous report suggest-
ing a spontaneous postpartum clearance of P. falciparum para-
sitemia among African women (33); however, that study was
based on microscopical detection of infections, which may have
missed low-density parasitemias. Also supporting the concept of a
persistence of infections after delivery, IPTp was shown to reduce
the multiplicity of infections during the postpartum period. An
IPTp-associated reduction of postpartum infections in the sub-
sample of women included in this study was not observed, due
either to a small sample size or to the decreasing antimalarial
efficacy of SP. However, the postpartum risk of malaria infection
was reduced by one-half in women who received SP compared to
the placebo group in the IPTp trial (30), a finding that was also
observed in previous IPTp trials (29).

Such a common persistence of P. falciparum, even once the
placenta is removed, might be explained by a rapid shift of the
parasite cytoadhesion from CSA to other binding specificities or
by the availability of CSA in other organs apart from the placenta.

TABLE 3. Descriptive and multivariate association between host
factors and P. falciparum infection in peripheral blood

of women during postpartum period

Parameter

Infection at postpartuma

No. of positive
samples/total

no. of samples
(%)

ORb 95% CI

Microscopy
Age (yr)

�20 8/95 (8)
21–25 3/75 (4)
�25 2/101 (2)

Parity
PG 7/73 (10) 1
MG 6/198 (3) 0.29 0.10–0.91e

HIV
Neg 6/133 (5)
Pos 7/138 (5)

IPTp
Placebo 7/133 (5)
SP 6/138 (4)

Peripheral infectionc

Neg 5/190 (3)
Pos 8/81 (10)

Placental infectionc

Neg 6/185 (3)
Pos 7/86 (8)

qPCR
Age (yr)

�20 25/95 (26) 1
21–25 17/75 (23) 0.97 0.46–2.04
�25 9/191 (9) 0.34 0.15–0.81e

Parity
PG 20/73 (27)
MG 31/198 (16)

HIV
Neg 29/133 (22)
Pos 22/138 (16)

IPTp
Placebo 24/133 (18)
SP 27/138 (20)

Peripheral infectionc

Neg 23/190 (12)
Pos 28/81 (35)

Placental infectionc

Neg 20/185 (11) 1
Pos 31/86 (36) 4.20 2.19–8.08f

Submicroscopic infectionsd

Age (yr)
�20 17/87 (20)
21–25 14/72 (19)
�25 7/99 (7)

Parity
PG 13/66 (20)
MG 25/192 (13)

HIV
Neg 23/127 (18)
Pos 15/131 (11)

IPTp
Placebo 17/126 (13)
SP 21/132 (16)

Peripheral infectionc

Neg 18/185 (10)
Pos 20/73 (27)

Placental infectionc

Neg 14/179 (8) 1
Pos 24/79 (30) 5.14 2.49–10.63f

a Included in the analysis are those women with data available for all variables
considered in the model. OR, odds ratio; CI, confidence interval; PG, primigrav-
idae; MG, multigravidae; IPTp, intermittent preventive treatment during preg-
nancy; SP, sulfadoxine-pyrimethamine; qPCR, quantitative PCR; Neg, negative;
Pos, positive.

b Logistic regression model, multivariate stepwise analysis.
c Assessed at the time of delivery by qPCR.
d Microscopy negative and qPCR positive.
e P � 0.05.
f P � 0.005.
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Alternatively, the placenta may not be the only focus of infection
in pregnant women if maternal parasites can adhere to other
receptors apart from CSA, such as CD36 (12). In support of the
latter scenario, we found that a significant number of women
(19%) had qPCR-detected malaria infection in their peripheral
blood in the absence of placental infection. Moreover, 43% of the
women had peripheral parasitemia with genotypes that were not
found in their placental blood. Although discrepancies between
genotypes (18, 19, 25, 38) might also be explained by synchronicity
of infections (10) or by inconsistent detection of parasites at low
densities (27), these results suggest that parasites adhering to
other receptors apart from those specifically displayed in the
placenta might be the ones that persist after delivery. Further
studies evaluating the adhesive phenotype of persisting parasites
would be of great utility to better understand the pathophysiology
of maternal infections.

In summary, the results of this study point out the need of
improving diagnostic tools for a more effective management
of malaria during pregnancy and the postpartum period, as
well as for the measurement of the impact of interventions
such as IPTp. This study also shows that younger women and
those with a placental infection are at increased risk of
malaria postpartum and that some of the parasites infecting
pregnant women might not be spontaneously cleared after
delivery. This persistence of infections might contribute to
the increased risk of malaria during the postpartum period.
Interventions such as IPTp that reduce malaria during preg-
nancy may also translate into a lower postpartum burden of
infection (29, 30).
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