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Background. In malaria-endemic areas, pregnant women and especially first-time mothers are more susceptible to Plasmodium 
falciparum. Malaria diagnosis is often missed during pregnancy, because many women with placental malaria remain asymptomatic 
or have submicroscopic parasitemia, masking the association between malaria and pregnancy outcomes. Severe maternal anemia 
and low birthweight deliveries are well-established sequelae, but few studies have confirmed the relationship between malaria infec-
tion and severe outcomes like perinatal mortality in high transmission zones.

Methods. Pregnant women of any gestational age enrolled at antenatal clinic into a longitudinal cohort study in Ouelessebougou, 
Mali, an area of high seasonal malaria transmission. Follow-up visits included scheduled and unscheduled visits throughout preg-
nancy. Blood smear microscopy and polymerase chain reaction (PCR) analysis were employed to detect both microscopic and sub-
microscopic infections, respectively. Intermittent preventative treatment in pregnancy with sulfadoxine-pyrimethamine (IPTp-SP) 
was documented and prompt treatment regardless of symptoms given upon malaria diagnosis.

Results. Of the 1850 women followed through delivery, 72.6% of women received 2 or more IPTp-SP doses, 67.2% of women 
experienced at least 1 infection between enrollment up to and including delivery. Malaria infection increased the risks of stillbirth 
(adjusted hazard ratio [aHR] 3.87, 95% confidence interval [CI]: 1.18–12.71) and preterm delivery (aHR 2.41, 95% CI: 1.35–4.29) in 
primigravidae, and early neonatal death (death within 7 days) in secundigravidae and multigravidae (aHR 6.30, 95% CI: 1.41–28.15).

Conclusions. Malaria treatment after diagnosis, alongside IPTp-SP, is insufficient to prevent malaria-related stillbirth, early ne-
onatal death and preterm delivery (PTD). Although IPTp-SP was beneficial in Mali during the study period, new tools are needed 
to improve pregnancy outcomes.
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pregnancy.

In malaria-endemic areas, pregnant women are more suscep-
tible to malaria infection compared to their nonpregnant coun-
terparts. The unique epidemiology of malaria in pregnancy 
(PM) is characterized by parity-dependent susceptibility: primi-
gravidae are infected more frequently and with higher placental 
parasite densities than multigravidae (reviewed in [1]).

During pregnancy, P.  falciparum parasites sequester in the 
placenta by binding to the receptor chondroitin sulfate A (CSA) 

expressed on the surface of the villous syncytiotrophoblast. 
With successive pregnancies, women develop specific anti-
bodies that inhibit parasite adhesion to CSA and are associated 
with reduced prevalence of infection, reduced parasite densities, 
and improved pregnancy outcomes. The acquisition of specific 
immunity to placental parasites over successive pregnancy ex-
plains the increased susceptibility to malaria infection in primi-
gravidae living in areas of stable malaria transmission [2, 3].

PM is associated with poor outcomes for both the mother 
and her baby. Severe maternal anemia and low birthweight de-
liveries (LBW) are well-established sequelae of PM, and both 
are associated with maternal and infant mortality. The 2019 
World Health Organization (WHO) World Malaria Report esti-
mates that 16% of LBW deliveries in sub-Saharan Africa are due 
to PM [4]. In a multivariate logistic regression model, maternal 
age and anemia were associated with increased risk of preterm 
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delivery (PTD) in a cross-sectional study of women delivering 
in Cameroon [5], and in the Gambia, placental malaria was as-
sociated with increased odds of PTD [6]. In Malawi, PTD has 
been associated with malaria infection at first antenatal visit 
or at delivery, as well as young age, short stature, and maternal 
anemia [7]. In a large prospective study spanning 3 decades at 
the border between Thailand and Myanmar, where women were 
screened by microscopy every 1–2 weeks and treated for infec-
tion, P. falciparum and P. vivax infections were associated with 
PTD and small for gestational age (SGA) deliveries [8]. P. fal-
ciparum infection between gestational weeks 24–28 and 28–32 
increased the odds of very early PTD (gestational week 28 to 
<32 weeks), and infections between gestational weeks 28–32 
and 32–37 increased the odds of late PTD (between gestational 
week 32 and <37), regardless of symptoms [8].

Multiple studies that examined the relationship between PM 
and poor birth outcomes failed to find significant associations 
with stillbirth [9]. However, a meta-analysis based on these 
studies conducted in areas with varying malaria transmission 
levels related malaria infection with stillbirth; odds were signif-
icantly higher in women with P. falciparum malaria infection at 
delivery, detected in peripheral or placental blood (OR 1.81 and 
1.95, respectively), and in women infected and treated for P. fal-
ciparum during pregnancy (OR 1.48) [9].

In malaria-endemic areas, a high proportion of women with 
PM are asymptomatic, with parasites undetectable by periph-
eral blood smears. Because diagnosis is based on the presence of 
parasites in peripheral blood and/or clinical symptoms, women 
with placental parasitemia often remain undiagnosed. This can 
mask the association between PM and poor outcomes [10, 11], 
particularly in cases of miscarriage, which often do not allow pla-
cental examination to determine placental infection. In the pre-
sent study, we assess the relationship between malaria infection 
detected by blood smear microscopy or polymerase chain reac-
tion (PCR), during pregnancy and at delivery, with pregnancy 
loss (miscarriage, stillbirth, and early neonatal death), PTD, 
and SGA. Because primigravidae are infected more frequently 
and with higher parasite burden than multigravidae, we evalu-
ated the impact of malaria infection on pregnancy outcomes in 
primigravidae versus secundigravidae and multigravidae.

METHODS

Ethical Approval

A longitudinal cohort study of mother-infant pairs was con-
ducted in Ouélessébougou, Mali, located 80 km south of 
Bamako, an area of intense seasonal malaria transmission. Study 
protocol was approved by the institutional review boards at the 
National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, and by the Ethics Committee of the Faculty 
of Medicine, Pharmacy, and Dentistry, University of Bamako. 
Written informed consent was obtained from the study parti-
cipants or the parents/guardians of pregnant adolescents after 

receiving a study explanation form and oral explanation from 
a study clinician in their native language. The protocol is regis-
tered at Clinicaltrials.gov under identifier NCT01168271.

Study Population and Clinical Procedures

Pregnant women in Ouélessébougou aged 15–45 years without 
clinical evidence of chronic or debilitating illness regardless of 
gestational age were invited to enroll into the study between 
November 2010 and January 2014. Upon enrollment, women 
underwent clinical examination including obstetrical examina-
tion, a thorough review of medical history including current and 
previous pregnancies, and assessment of socioeconomic status.

Follow-up included monthly scheduled and unscheduled 
visits during any time of reported illness. Blood smears and 
samples for PCR were collected at enrollment, at gestational 
week 30–32, at delivery and during any illness with symptoms 
suggesting malaria. Number of visits with and without blood 
smear are described in Supplementary Table 1. Nearly all ma-
laria infections (98.8%) detected by blood smear microscopy 
were treated with quinine or with artemether-based therapy ac-
cording to national guidelines regardless of symptoms (Table 
1). Intermittent preventive treatment (IPTp) with sulfadoxine-
pyrimethamine (SP) was administered depending on recruit-
ment trimester, which was recorded along with IPTp usage 
history prior to enrollment (0–3 doses) and any antimalarial 
drugs to treat intercurrent infections. When antimalarial drugs 
were given to treat infection, IPTp-SP dosing was delayed until 
the next scheduled administration. Gestational age was deter-
mined by ultrasound examination (Siui CTS-700+), last men-
strual period (LMP), and fundal height [12] in 96.8%, 2.8%, and 
0.4% of women, respectively. Malaria infection was determined 
by thick blood smear. Other clinical tests included complete 
blood count and serologic tests of toxoplasma and syphilis.

Clinical Definitions

PM was defined as the presence of any parasite detected by a 
peripheral or placental blood smear or infection detected by 
nested PCR. Symptomatic malaria was defined as fever (tem-
perature >37.5°C) in the presence of any parasitemia on blood 
smear. Miscarriage was defined as pregnancy ending before ges-
tational week 28, stillbirth as a delivery of a nonviable baby at a 
gestational age of ≥28 weeks, and early neonatal death as death 
occurring in the first week of life. Preterm delivery was defined 
as birth prior to gestational age of 37 weeks. Small for gestational 
age (SGA) was defined according to INTERGROWTH-21 
standards [13].

Laboratory Methods
Blood Smear
Blood films were stained with 10% Giemsa solution and exam-
ined by microscopy. A  blood smear was deemed negative if 
no parasite was detected after examination of at least 100 high 
power fields in the thick smear.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab301#supplementary-data
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DNA Extraction and Polymerase Chain Reaction 
DNA was extracted from frozen blood sample with QIAamp 
DNA Blood Mini Kit (Qiagen) according to the manufacturer’s 
instructions. PCR to detect Plasmodium parasites was per-
formed as previously described targeting small subunit ri-
bosomal RNA (ssrRNA) [14]. PCR was performed on frozen 
blood samples with negative blood smears collected at fixed 
time points: enrollment, gestational week 30–32, delivery, and 
17% of blood smear positive samples.

Statistical Analyses
Data were collected on standardized forms, then manually en-
tered and verified using DataFax (version 4.2, Clinical DataFax 
Systems, Inc., Hamilton, Ontario, Canada). The observational 
data were formatted into an analytical data set in a way to reduce 
bias. The formatting involved making cohort risk-sets in the 
following manner. First, the time scale was made into calendar 
time, where time = 1 is the first day of the study. Second, cohort 
risk-sets were made for each miscarriage, stillbirth, early neo-
natal death, and preterm delivery event. Populating each cohort 
risk-set starts with the individual who experienced the event. 
The calendar time of the event was identified, and then a 14-day 
window (±7 days around the event calendar day) was applied 
around the calendar time of the delivery date. Anyone with a 
visit recorded within that 14-day window was then included 
in the cohort risk-set. Each risk-set was given a unique event-
number. In this fashion, we obtained temporally focused infec-
tion information. Once this is assimilated, further formatting is 
undertaken to reflect the competing risks feature of this dataset. 
We stacked all 385 risk-sets (Supplementary Table 2) into one 
analytic data set and then fitted a Lunn & McNeil Method B 
model [15]. The model was adjusted for factor associated with 
malaria infection: insecticide treated net (ITN) usage, IPTp ad-
ministered within 3 weeks of the visit. Statistical significance 
was defined as P < .05.

RESULTS

Study Population

In total, 1996 pregnant women were enrolled into a lon-
gitudinal study of mothers and their newborn children in 
Ouélessébougou, Mali. Of the 1920 women who completed the 
study, 1885 had singleton pregnancy; 1850 were included in 
the analysis (Figure 1). Most women were recruited during the 
second trimester of pregnancy (Table 1). Although percentage 
of women enrolled in first trimester was higher among unin-
fected women, mean and median gestational age at enrollment 
was similar between infected and uninfected women.

Most women experienced at least 1 malaria infection de-
tected by blood smear or PCR analysis of peripheral blood 
collected during pregnancy and placental blood at delivery 
(Table 1). Overall, 32.9%, 41.6%, and 25.6% of women had 0, 
1, and ≥2 infections, respectively, during antenatal or delivery 

assessments. At enrollment, 53.8% were BS−/PCR−, 27.7% BS+ 
and 17.6% BS−/PCR+ (Supplementary Table 3).

 The highest proportion of infections were identified at en-
rollment in all gravidities, and the proportions were signif-
icantly higher at enrollment for primigravidae (P < .0001) 
secundigravidae (P < .0001), and multigravidae (P < .0001) 
(Figure 2). Similar reduction in infection rate during follow-up 
visits or at delivery was observed in women that received or did 
not receive antimalarial treatment at enrollment, possibly re-
flecting the follow-up care in the study (Supplementary Figure 1).

More than 70% of women received at least 2 doses of IPTp. 
The percentage of infected primigravidae that received at least 
2 doses of IPTp was slightly lower due to other anti-malarial 
treatments given for active infections (Table 1). Overall, 54.6% 
primigravidae, 47.9% secundigravidae, and 44.2% multigrav-
idae received at least 1 round of antimalarial drug treatment. 
The percentage of women with severe anemia (hemoglobin <7) 
at enrollment was low (1.2%), and anemia was not included as 
a covariate in the analysis relating malaria infection with preg-
nancy outcomes.

Among primigravid women, 3.5%, 3.2%, 2.8%, 11.5%, and 
14.2% of pregnancies resulted in miscarriage, stillbirth, early 
neonatal death, PTD, and SGA, respectively. The respective fig-
ures among multigravid women were 2.6%, 1.9%, 0.8%, 3.0%, 
and 8.8%, and among secundigravid women, 2.2%, 1.4%, 0.8%, 
6.7%, and 8.5% (Table 2).

Malaria Infection Predicts Poor Pregnancy Outcomes

A competing risk model was fitted to examine whether P. fal-
ciparum infection during pregnancy predicts miscarriage, 
stillbirth, early neonatal death, PTD, and SGA. The model 
was adjusted for ITN usage, chemoprophylaxis (IPTp-SP). 
Hemoglobin type (AC and AS compared to AA) did not modify 

Figure 1. Flow diagram of study participants included in the analysis

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab301#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab301#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab301#supplementary-data
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hazard ratios and was not included in the final model. To relate 
gravidity-specific effects, models were stratified by gravidity. In 
the model adjusted for gravidity, there were no differences be-
tween secundigravidae and multigravidae; therefore, the anal-
ysis is presented for primigravidae and for secundigravidae/
multigravidae (Table 3).

Malaria infection predicted increased risk of stillbirth (ad-
justed hazard ratio [aHR] 3.87, P = .03) and PTD (aHR 2.41, 
P = .003) in primigravidae (Table 3). Among secundigravidae 
and multigravidae, PM increased the risk of early neonatal 
death (aHR 6.30, P = .02). Infection increased the risk of SGA 
in both primigravidae and other gravidae, but these relation-
ships were not statistically significant. IPTp-SP reduced the 
risk of poor outcomes by 73% in primigravidae and 88.3% in 
other gravidae during the 3 weeks after administration; 17% 
of patent infections were symptomatic. Symptomatic infection 
as a covariate in the model did not modify the HR of adverse 
pregnancy outcomes and was not included in the final model. 

Other factors (eg, advanced human immunodeficiency virus 
[HIV] disease and syphilis) were ruled out as contributors to 
fetal loss, because no women were infected with either path-
ogen. Hypertensive disorders in pregnancy (gestational hyper-
tension, preeclampsia, and eclampsia) that increase the risk of 
poor pregnancy outcomes were uncommon (22 women) and 
were not included in the model.

DISCUSSION

PM is associated with poor outcomes for both mothers and 
their children. According to the WHO 2019 World Malaria 
Report, prevalence is currently highest in West and Central 
Africa (~35% of infected pregnant women) [4]. In this ob-
servational study of pregnant women and their offspring, 
the highest rate of infection was observed at enrollment, and 
67.2% of women experienced at least 1 infection during the 
study. We evaluated the impact of PM on miscarriage, still-
birth, early neonatal death, PTD, and SGA. In competing risks 
analysis adjusted for factors that may influence pregnancy 
outcomes, such as malaria prevention (eg, IPTp-SP and ITN), 
malaria infection predicted increased risk of stillbirth and 
PTD among primigravidae and of early neonatal death among 
secundigravidae and multigravidae. Notably, the increased 
risk of stillbirth, PTD and early neonatal death was observed 
in a longitudinal cohort of women who received antimalarial 
drugs to treat both asymptomatic and symptomatic infections, 
in addition to chemoprophylaxis (IPTp-SP) delivered through 
routine antenatal care.

In high endemic areas, women may be infected with para-
sites sequestering in the placenta without detectable parasites 
on their peripheral blood smear. Most patent infections were 
afebrile in this cohort, as we previously reported for a preg-
nancy registry in this area [16]. The strengths of this study 
include the longitudinal follow-up of women including rou-
tine, unscheduled, and delivery visits that captured malaria 

Figure 2. Percentage of malaria-infected women at enrollment, at follow-up 
visits and at delivery. After enrollment, women were followed up to and including 
delivery. Infection was determined by blood smear microscopy or PCR in peripheral 
blood and placental blood at delivery. Numbers that follow in parentheses indicate 
number of women with infection information at enrollment, at follow-up visits and 
at delivery (1850, 1612, 1846). Abbreviation: PCR, polymerase chain reaction.

Table 1. Study Population Characteristics

Group
PM 
statusa n (%)

Gestational Age at Enroll-
ment (weeks) Mean (range)

Enrollment Tri-
mester (%)

Gestational Age at Delivery 
(weeks)b Mean (range)

At least 2 Doses 
IPTp-SP n (%)

ITN 
%

Malaria Treatmentc 
Mean (range)

1st 2nd 3rd     

Primigravid PM− 116 20.6 (7.1–36.0) 20.7 57.8 21.5 38.9 (32.0–41.6) 83 (72.2) 50.0  

PM+ 318 
(73.3%)

20.8 (5.1–36.1) 13.5 72.0 14.5 38.7 (29.6–42.0) 214 (67.1) 39.6 1.3 (0–5)

Secundigravid PM− 118 20.5 (5.1–36.0) 21.2 59.3 19.5 39.0 (31.6–42.3) 91 (77.7) 53.4  

PM+ 241 
(67.1%)

20.6 (6.3–36.0) 12.9 72.2 14.9 39.1 (32.1–42.7) 175 (72.3) 52.3 1.2 (0–4)

Multigravid PM− 373 20.6 (5.0–36.0) 16.6 66.8 16.6 39.6 (32.4–43.0) 279 (75.0) 52.5  

PM+ 684 
(64.7%)

20.5 (5.6–39.0) 15.8 69.2 15.1 39.5 (30.3–42.7) 498 (72.7) 55.7 1.1 (0–3)

Abbreviations: IPTp-SP, intermittent preventative treatment in pregnancy with sulfadoxine-pyrimethamine; ITN, insecticide treated net; PM, malaria in pregnancy.
a PM−: no infections; PM+ at least 1 infection detected by blood smear microscopy or polymerase chain reaction (PCR).
b Gestational age at delivery includes viable singleton births.
cMean and range of treatment rounds with antimalarial drugs.
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infection episodes, the use of both blood smear microscopy 
and PCR to identify infection, and competing risks analyses of 
poor outcomes stratified by gravidity. These features enabled us 
to estimate the impact of malaria infection at any time during 
pregnancy on birth outcomes.

In nonendemic countries, the miscarriage rate is high during 
the first weeks of gestation and substantially reduced by the end of 
the first trimester [17]; most women in our study area attend their 
first antenatal clinic visit after first trimester. Factors that increased 
miscarriage risk in this cohort include gravidity (primigravidae 
and multigravidae with >4 pregnancies) [18] and maternal age 

(<20 and >35 years old) [18, 19]. In a study conducted on the Thai-
Myanmar border (a low malaria transmission area), first-trimester 
infections with P. falciparum or P. vivax increased the odds of mis-
carriage 2.7 (95% CI: 2.1–3.4) and 3.1 (95% CI: 2.4–3.9), respec-
tively [20]. It is unknown whether malaria infection during the 
first trimester has a similar impact on miscarriage in high trans-
mission areas (such as in sub-Saharan Africa). In the present study, 
the majority of women enrolled during their second trimester and 
the delayed antenatal clinic presentation may have limited our 
ability to find a significant association between early malaria infec-
tion and miscarriage.

Table 2. Pregnancy Outcomes Stratified by Maternal Gravidity

Group Outcome N (%)
Infected at Enrollment, 
FU, Deliveryc by BSd (n)

Infected at Enrollment, 
FU, Deliveryd by PCRe (n)

Infected Enrollment, FU, 
Delivery by BS or PCR (n)

Primigravid Miscarriage a 15 (3.5) 4, 1, 2 3, 1, 3 7, 2, 5

Stillbirtha 14 (3.2) 3, 4, 4 2, 0, 3 5, 4, 7

Early neonatal deatha 12 (2.8) 7, 2, 1 2, 1, 1 9, 3, 2

Preterm deliveryb 45 (11.5) 19, 9, 18 6, 1, 2 25, 10, 20

Small for gestational ageb 56 (14.2) 26, 21, 10 11, 6, 13 37, 27, 23

Secundigravid Miscarriagea 8 (2.2) 1, 2, 3 2, 0, 0 3, 2, 3

Stillbirtha 5 (1.4) 1, 1, 0 0, 0, 0 1, 1, 0

Early neonatal deatha 3 (0.8) 0, 0, 2 1, 0, 0 1, 0, 2

Preterm deliveryb 23 (6.7) 12, 8, 5 3, 3, 1 15, 11, 6

Small for gestational ageb 29 (8.5) 13, 7, 8 4, 3, 5 17, 10, 13

Multigravid Miscarriagea 28 (2.6) 5, 0, 1 3, 0, 4 8, 0, 5

Stillbirtha 20 (1.9) 7, 1, 1 1, 1, 3 8, 2, 4

Early neonatal deatha 8 (0.8) 1, 3, 1 2, 0, 2 3, 3, 3

Preterm deliveryb 30 (3.0) 4, 3, 3 9, 0, 3 13, 3, 6

Small for gestational ageb 89 (8.8) 13, 16, 15 27, 3, 3 40, 19, 18

Abbreviations: BS, blood smear; FU, follow-up; PCR, polymerase chain reaction.
a Percent of all pregnancies.
bPercent of viable deliveries.
cBased on peripheral and placental blood results.
dBlood smear microscopy.
ePositive by PCR of samples with a negative blood smear microscopy.

Table 3. Competing Risk Analysis on the Effect of Malaria Infection on Pregnancy Outcome

Group Risk Factor Outcome Crude HR (95% CI) P-value Adjusted HR (95% CI) P-value

Primigravid Infection Miscarriage .75 (.28–1.95) .5 .75 (.27–2.06) .6

Stillbirth 3.80 (1.06–13.67) .04 3.87 (1.18–12.71) .03

Early neonatal death .75 (.17–3.28) .7 .69 (.16–2.97) .6

PTD 2.35 (1.34–4.11) .003 2.41 (1.35–4.29) .003

SGA 1.53 (.83–2.81) .2 1.50 (.83–2.72) .2

ITN use    1.18 (.84–1.67) .3

IPTp-SP    .27 (.15–.50) <.0001

Secundigravid and multigravid Infection Miscarriage .81 (.38–1.73) .6 .78 (.36–1.67) .5

Stillbirth .71 .23–2.14) .5 .68 (.22–2.08) .5

Early neonatal death 5.86 (1.38–24.85) .02 6.30 (1.41–28.15) .02

PTD 1.70 (.88–3.30) .1 1.72 (.86–3.41) .1

SGA 1.38 (.89–2.14) .2 1.38 (.89–2.15) .2

ITN use    .87 (.65–1.17) .4

IPTp-SP    .12 (.06–.22) <.0001

Lunn & McNeil competing risks model was used to assess the effect of infection on pregnancy outcomes. Adjusted HR: model was adjusted for IPTp and ITN usage. Abbreviations: CI, 
confidence interval; GA, gestational age; HR, hazard ratio; IPTp-SP, intermittent preventative treatment in pregnancy with sulfadoxine-pyrimethamine; ITN, insecticide-treated net; PTD, 
preterm delivery; SGA, small for gestational age.
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Multiple factors contribute to stillbirth and neonatal death, 
like hypertensive disorders in pregnancy, maternal body-
mass-index, and systemic infections [21]. Globally, the esti-
mated population attributable fraction of malaria is 8.2%, and 
in sub-Saharan Africa, the estimate is 19.7% [22]. A previous 
study reported a significantly increased risk of stillbirth in 
P.  falciparum-infected pregnant women living in a low trans-
mission area at the Thai-Myanmar border [23]. Furthermore, 
P. falciparum infection, especially in the third trimester, signif-
icantly increased antepartum stillbirth but was not associated 
with intrapartum stillbirth [23]. In the current study, informa-
tion to classify stillbirth as antepartum or intrapartum was not 
collected; therefore, all stillbirth cases were included. Previous 
studies associated PM with reduced fetal growth; in a low ma-
laria transmission zone, each infection increased the odd of 
SGA by 1.13 [21]. Here malaria infection increased the risk of 
SGA in all gravidity groups, but the relationships were not sig-
nificant. IPTp-SP within 3 weeks of a visit significantly reduced 
the risk of poor pregnancy outcomes, supporting monthly IPTp 
in areas where SP is still efficacious.

ITN usage had no effect on pregnancy outcomes in our 
analyses. Roughly 50% of women in our cohort reported ITN 
usage, and this practice had recently increased in pregnant 
women [16]. Because chemoprevention with SP is not recom-
mended in first trimester, women should be encouraged to use 
good quality ITN starting early in pregnancy to delay time to 
first infection [24].

In primigravid women who are not immune to placental para-
sites, parasite sequestration in the placenta is associated with 
inflammatory cell infiltrates and increased pro-inflammatory 
cytokines such as tumor necrosis factor (TNF) and interferon 
(IFN), and chemokines such as CXCL9 and CXCL10 [25]. In 
a previous analysis of inflammatory responses to malaria in-
fection in a subset of this population, we reported that high 
peripheral blood CXCL9 levels during pregnancy predicted 
increased risk of pregnancy loss and PTD. At delivery, high 
interleukin (IL)-1β levels were associated with pregnancy loss 
and PTD, and high IL-10 levels with increased pregnancy loss 
[25]. Although women in our study were treated for malaria 
regardless of symptoms and most received at least 2 doses of 
IPTp-SP, these results suggest that treatment of microscopic 
infections alongside IPTp-SP is insufficient to prevent inflam-
matory immune responses prior to diagnosis and treatment, 
resulting in stillbirth and PTD. This is the first report that in 
secundigravidae and multigravidae, PM was associated with 
early neonatal death; the mechanisms associated with this out-
come remain to be studied.

In summary, malaria infection in primigravid women signifi-
cantly increased the risks of stillbirth and PTD in a region of Mali 
with intense seasonal transmission of malaria. In secundigravid 
and multigravid women, malaria infection increased the risk of 

early neonatal death. These data were collected during an ob-
servational longitudinal study in which women were actively 
and passively screened for parasitemia, treated with antimal-
arial drugs for any infection detected by microscopy, and the 
majority received at least 2 doses of IPTp-SP. This highlights the 
need for additional measures to protect pregnant women, such 
as a PM vaccine that can confers protection throughout preg-
nancy, to reduce the heavy disease burden associated with PM.

Supplementary Data
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