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Background. Millions of African women receive sulfadoxine-pyrimethamine (SP) as intermittent preventive

treatment during pregnancy (IPTp) to avoid poor outcomes that result frommalaria. However, parasites resistant to

SP are widespread in parts of Africa, and IPTp may perversely exacerbate placental infections that contain

SP-resistant parasites.

Methods. The study used a cross-sectional design. We determined IPTp use in a delivery cohort of 880 pregnant

women in Muheza, Tanzania, by report and by plasma sulfa measurements, and we examined its effects on maternal

and fetal delivery outcomes.

Results. In the overall cohort, IPTp was not associated with decreased odds of placental malaria or with

increased mean maternal hemoglobin or mean birth weight. Unexpectedly, IPTp was associated with decreased cord

hemoglobin level and increased risk of fetal anemia, which may be related to in utero SP exposure.

Conclusions. IPTp does not improve overall pregnancy outcomes in Muheza, Tanzania, where SP-resistant

parasites predominate and may increase the odds of fetal anemia. As parasite resistance increases in a community,

the overall effect of IPTp may transition from net benefit to neutral or net harm.

Malaria due to Plasmodium falciparum during pregnancy

is a major cause of morbidity and mortality in sub-

Saharan Africa. P. falciparum sequesters in placental

vascular spaces [1], resulting in local inflammation [2]

and poor delivery outcomes [3]. To improve outcomes,

the World Health Organization (WHO) recommends

using sulfadoxine-pyrimethamine (SP) as intermittent

preventive treatment in pregnancy (IPTp) at the

beginning of the second trimester, followed by at least 1

additional dose no less than 1 month later [4].

SP is a combination antifolate; sulfadoxine targets

parasite dihyrofolate reductase (DHFR), and pyrimeth-

amine targets dihydropteroate synthase (DHPS) [5].

Single-point mutations accumulate in an ordered fash-

ion in dhfr and then dhps [5] and confer resistance. The

dhps codon 581 (c581) mutation, which is among the

last to accumulate, is associated with high level in vitro

SP resistance [6] and treatment failure in children [7, 8].

Currently, the WHO concludes that IPTp remains

effective in areas where the SP treatment failure rate in

children reaches 50% [4].

We hypothesized that as resistance continues to ac-

cumulate IPTp may begin to fail. Furthermore, our ear-

lier work from Muheza, Tanzania, which is a hotspot of

malaria drug resistance, found that IPTp may exacerbate

placental malaria (PM) where it fails to prevent infection

[9], suggesting that IPTp may worsen some delivery

outcomes. We examined pregnancy outcomes in women

who did or did not receive IPTp as part of their routine

antenatal care in an area where the 14-day parasitologic
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SP treatment failure rate in children was as high as 68% [7]. In

this area, common resistance markers in dhfr and dhps ap-

proached saturation in placental infections except at c581, where

the mean fraction of resistance alleles was 0.31 during this time

period [9].

METHODS

Ethics Statement
The study was approved by both US and Tanzanian ethical

review boards, and all women signed an informed consent.

Study Design
The study was a cross-sectional analysis of reported IPTp use in

Muheza, Tanzania, where the control group comprised women

who through their own actions or those of antenatal clinic

(ANC) staff failed to receive IPTp. IPTp is standard of care in

this community, and thus a placebo-controlled randomized trial

was not ethically possible.

Clinical Cohort
Data and samples were gathered from a prospective birth cohort

conducted from 2002 through 2005 in Muheza, Tanzania that

has been described elsewhere [10]. Women were enrolled in the

study when they delivered at Muheza Designated District Hos-

pital. The analysis cohort (n 5 880) excluded women with

known or probable human immunodeficiency virus infection,

chronic illness, or multiple gestation during the current preg-

nancy. Only the first child born to each woman during the study

was included in the present analysis.

At enrollment, women were asked whether and when they

had received SP for IPTp. The responses were recorded in the

Case Report Form and were verified where possible with

antenatal clinic cards on which administration of SP for IPTp

was recorded by midwives. We concluded that a woman had

received SP for IPTp if this was indicated by either source.

Sulfa compounds were assayed in maternal and cord

plasma and confirmed the accuracy of reported IPTp use as

previously described [9]. We estimate that our plasma sulfa

assay (which has a sensitivity of 4 ug/mL) can detect sulfa-

doxine for up to 6 weeks after SP use [9, 11, 12]. Based on the

assay data, women were further categorized as receiving early

IPTp (a history of IPTp use but no detectable sulfa in plasma)

or recent IPTp (a history of IPTp use and detectable sulfa).

Placental blood collection [1] and PM diagnosis [9] were

performed as previously described. After delivery, maternal

peripheral blood and cord blood were collected in citrate

phosphate dextrose solution or ethylenediaminetetraacetic acid,

respectively, and complete blood counts were obtained on

a Cell-Dyne 1200 hematology analyzer (Abott Diagnostics).

Maternal anemia was defined as a hemoglobin level ,11 g/dL

[13]; fetal anemia was defined as a hemoglobin level,12.5 g/dL

[14]. Outliers were excluded from maternal and cord hemo-

globin datasets using the 3r rule [15]. Low birth weight (LBW)

was defined as birth weight ,2500 grams. Maternal age, parity,

malaria transmission season, village, bed net use, and date of

enrollment were recorded at delivery.

Statistical Analysis
The primary analysis examined the effect of no IPTp versus any

IPTp (early and recent together). Covariates for descriptive

statistics were evaluated with v2 tests, except for maternal age

and time, which were evaluated with Student’s t tests.

Primary outcomes were odds of PM, mean maternal hemo-

globin level, mean birth weight, andmean cord hemoglobin level;

secondary outcomes were odds of maternal anemia, LBW, and

fetal anemia, and these were considered to bemarkers of clinically

relevant change. To account for multiple comparisons based on

4 primary outcomes, the cut-off for significance was adjusted to

P # .013, using the Bonferroni correction method. All outcome

analyses used linear or logistic regression models with robust

standard errors to account for nonnormally distributed data.

Covariates modeled for adjustment included dichotomous

variables (sex of infant, birth season based on incidence of

parasitemia among 3–12-month-old infants (low [November to

April] vs high malaria transmission [May to October]), and

village setting [rural or semi-urban]), categorical variables

(parity [primigravidae, secundigravidae, or multigravidae] and

bed net use [no bed net, untreated bed net, insecticide-treated

bed net, or unknown bed net use]), and continuous variables

(maternal age and enrollment [measured as day after study

start]). Adjusted models included all covariates described above.

Prior work from this cohort found that the effect of IPTp on

parasite diversity and parasite density varied by whether sulfa

was detectable in maternal peripheral plasma at delivery, a proxy

for timing of last IPTp dose [9]. As a result, secondary explor-

atory analyses examined effects of IPTp timing (early vs recent)

[9]. Early and recent IPTp were considered to be significantly

different from each other when the postestimation test of

equivalence yielded a # 0.10.

Finally, we considered effect modification of IPTp by PM (for

all outcomes other than PM) and parity, which have previously

been related to malaria infection risk during early life [10, 16].

Interaction terms were considered significant when a # 0.10.

All statistical analyses were conducted using Stata software,

version 9.1 (Stata).

RESULTS

Demographic Characteristics of the Study Population
IPTp use was documented for 826 of 880 women in the cohort,

including 108 (13.1%) who reported no IPTp and 718 (86.9%)
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who reported IPTp use. Of those who reported IPTp use, 607

(73.5%) were consistent with early use, and 111 (13.4%) were

consistent with recent use.

Measured plasma sulfa levels were consistent with self-

reported SP exposure (both IPTp and treatment doses): 136 of

137 plasma sulfa–positive women reported SP exposure, and 89

of 90 women who denied SP exposure were sulfa negative. These

data argue that maternal report of SP exposure was accurate, and

they increase our confidence in the validity of our results.

Women who received IPTp were significantly less likely than

those who did not to live in an urban area (Table 1) and were

more likely to enroll later in the study, reflecting increased use of

IPTp between the first and last years of the study (from 67.2% to

92.0% of women). Women who received recent IPTp, compared

with those who received early IPTp, were more likely to deliver

during the high-transmission season (P 5 .05, by v2 test) and

were enrolled later in the study (P 5 .04, by v2 test).

IPTp Does Not Improve Overall Pregnancy Outcomes
IPTp was not associated with decreased odds of PM, nor was it

associated with mean maternal hemoglobin level or birth weight

(Table 2). Further, IPTp did not have any effect on the sec-

ondary outcomes of odds of maternal anemia or odds of LBW.

Unexpectedly, IPTp was associated with decreased cord hemo-

globin level and increased risk of fetal anemia. Recent versus

early IPTp did not differ from each other in their prediction of

any outcome.

We then examined effect modification of IPTp by PM status

for all outcomes other than PM. PM status modified the effect

of IPTp to predict birth weight (interaction term [IPTp3 PM]:

a 5 0.09) and maternal hemoglobin level (interaction term

[IPTp3 PM]: a 5 0.04). The effect of IPTp to reduce mean

birth weight was stronger among infants born to PM-positve

women compared with infants born to PM-negative women

(Table 3). In contrast, IPTp was associated with an increase in

maternal hemoglobin among PM-positive women but not

among PM-negative women. There was no evidence of effect

modification by parity.

Increasing Cord Sulfa Level Predicts Decreasing Cord
Hemoglobin
Given the unexpected association between IPTp and decreased

cord hemoglobin and increased risk of fetal anemia, we

hypothesized that in utero SP exposure might suppress fetal

hematopoiesis, similar to its effects in adults [17].

We first determined whether there was fetal exposure to SP

from either IPTp or treatment doses by measuring cord plasma

sulfa levels and comparing them to maternal plasma sulfa levels.

Plasma sulfa measurements were available for 851 women and

847 cord samples. Sulfa was detected in the plasma of 141 (16.6%)

of the women and 135 (15.9%) of the cord samples. Among

positive samples, the mean concentration of sulfa was 22.7 lg/mL

in maternal plasma and 21.9 lg/mL in cord plasma. When both

maternal and cord samples were positive (n 5 108), the sulfa

concentrations were highly correlated (r 5 0.77; P , .001), and

the ratio of cord sulfa to maternal sulfa was 1.07 (interquartile

range, 0.74–1.30). When negative samples were also considered

(n5 821), the correlation between maternal and cord sulfa levels

was strengthened (r 5 0.84; P , .001) (Figure 1).

We then determined whether cord hemoglobin and red blood

cell count were related to sulfa exposure. Among samples with

detectable cord sulfa levels, sulfa concentration was inversely

related to cord hemoglobin (D 5 20.4 g/dL [95% confidence

interval {CI},20.7 to 0.0] per 10 lg/mL increase in sulfa; P5 .05)

Table 1. Baseline Characteristics by Intermittent Preventive Treatment During Pregnancy (IPTp) Use

Covariate No IPTp (n 5 108) Early IPTp (n 5 607) Recent IPTp (n 5 111) P a

Female infant 51 (47.2) 317 (52.2) 60 (54.0) .31

Birth season (high) 61 (56.5) 284 (46.8) 63 (56.8) .11

Bed net use .20

None 29 (26.9) 190 (31.3) 30 (27.0)

Untreated 45 (41.7) 226 (37.2) 37 (33.3)

Treated 11 (10.2) 94 (15.5) 23 (20.7)

Unknown 23 (21.3) 97 (16.0) 21 (18.9)

Previous pregnancies .17

0 34 (31.5) 168 (27.7) 33 (29.7)

1 30 (27.8) 133 (21.9) 24 (21.6)

$2 44 (40.7) 306 (50.4) 54 (48.7)

Village (urban) 58 (53.7) 269 (44.4) 45 (40.5) .05

Maternal age, mean years (6SD) 25.2 (5.7) 26.3 (6.4) 26.3 (6.5) .07

Days after study start, mean days (6SD) 308.5 (331.0) 483.5 (316.1) 552.4 (348.4) <.001

NOTE. Data are no. (%) of subjects unless otherwise indicated. Boldface type indicates statistical significance. SD, standard deviation.
a P values reflect the difference between no IPTp and any IPTp.
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and red blood cell count (D521.13 105 [95% CI,22.2 to 0.0]

cells/lL per 10 lg/mL increase in sulfa; P 5 .05) (Figure 2).

DISCUSSION

SP-IPTp did not improve overall pregnancy outcomes in our

cohort from the community of Muheza, Tanzania, which is

located in an area of widespread drug resistance. Instead, IPTp

was associated with decreased cord hemoglobin levels and in-

creased risk of fetal anemia.

Where parasites are susceptible to SP, IPTp reduces the

prevalence of PM, maternal anemia, and LBW [18] and

increases mean maternal hemoglobin level and birth weight

[19]. A 2007 review concluded that IPTp remained beneficial in

areas with high levels of SP resistance [20], but based this con-

clusion on communities where the parasitologic treatment

failure rate in children had reached a maximumof 26% at day 14

[20]. By comparison, the 14-day treatment failure rate in chil-

dren around Muheza, Tanzania, increased from 41% [21] to

68% [7] during the period of the current study, and parasite SP

resistance alleles approached saturation [9].

Evidence of IPTp failure exists. We recently observed that

placental infections were exacerbated in women who experi-

enced failure of presumptive treatment and remained infected at

Table 2. Intermittent Preventive Treatment During Pregnancy (IPTp) Does Not Predict Reduced Risk of Poor Delivery Outcomes

Outcome

No. of subjects

(no. of subjects with event)

Effect size,

OR (95% CI) P a
Adjusted effect size,

OR (95% CI) P a

Placental malaria (n 5 826)

No IPTp 108 (17) Reference Reference

IPTp 718 (88) 0.75 (0.43–1.31) .31 0.93 (0.51–1.72) .83

Early 607 (78) 0.79 (0.45–1.40) 0.99 (0.53–1.83)

Recent 111 (10) 0.53 (0.23–1.22) 0.64 (0.27–1.55)

Maternal Hgb (n 5 676)b

No IPTp 11.0 g/dL (4.0) Reference Reference

IPTp 11.3 g/dL (3.9) 0.2 g/dL (20.6 to 1.1) .61 0.1 g/dL (20.9 to 1.0) .92

Early 11.3 g/dL (3.9) 0.3 g/dL (20.6 to 1.2) 0.1 g/dL (20.8 to 1.1)

Recent 10.8 g/dL (3.9) 20.2 g/dL (21.3 to 0.9) 20.5 g/dL (21.6 to 0.7)

Maternal anemia (n 5 676)

No IPTp 97 (53) Reference Reference

IPTp 579 (301) 0.90 (0.58–1.39) .63 0.99 (0.63–1.56) .98

Early 489 (251) 0.88 (0.57–1.36) 0.96 (0.61–1.52)

Recent 90 (50) 1.04 (0.58–1.85) 1.19 (0.66–2.16)

Birth weight (n 5 826)

No IPTp 3210 g (497) Reference Reference

IPTp 3198 g (423) 212 g (2111 to 87) .81 250g (2143 to 42) .29

Early 3195 g (425) 215 g (2114 to 85) 252g (2145 to 42)

Recent 3213 g (417) 3 g (2119 to 125) 242g (2160 to 75)

Low birth weight (n 5 826)

No IPTp 108 (8) Reference Reference

IPTp 718 (29) 0.53 (0.23–1.19) .12 0.71 (0.33–1.54) .39

Early 607 (28) 0.60 (0.27–1.37) 0.82 (0.38–1.78)

Recent 111 (1) 0.11 (0.01–0.93) 0.16 (0.02–1.23)

Cord Hgb (n 5 685)b

No IPTp 14.3 g/dL (2.7) Reference Reference

IPTp 13.6 g/dL (3.5) 20.7 g/dL (21.3 to 20.1) .03 21.2 g/dL (21.7 to 20.5) <.001
Early 13.6 g/dL (4.5) 20.7 g/dL (21.3 to 20.1) 21.2 g/dL (21.8 to 20.5)

Recent 13.7 g/dL (3.2) 20.6 g/dL (21.5 to 0.2) 21.2 g/dL (22.0 to 20.4)

Fetal anemia (n 5 685)

No IPTp 96 (23) Reference Reference

IPTp 589 (186) 1.47 (0.89–2.42) .14 1.91 (1.14–3.19) .01

Early 495 (163) 1.45 (0.94–3.58) 2.01 (1.20–3.38)

Recent 94 (23) 1.03 (0.53–2.00) 1.40 (0.71–2.78)

NOTE. Boldface type indicates statistical significance. CI, confidence interval; Hgb, hemoglobin level; OR, odds ratio; SD, standard deviation.
a P values reflect difference between no IPTp and any IPTp.
b Values are mean (standard deviation).
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delivery [9]. In addition, a 2008 study from Mozambique

examined the effect of IPTp in the context of widespread

insecticide-treated bed net use and found that IPTp had no

effect on the prevalence of PM, maternal anemia, or LBW [22].

The absence of effect was attributed to the masking benefit of

bed nets but may equally have been attributable to loss of SP

efficacy in that area. Other randomized controlled studies of

IPTp have variably found no reduction in PM [23, 24], maternal

anemia [25], or LBW [13, 24, 25]. We hypothesize that the

failure of IPTp to improve outcomes in previous trials may be

the result of accumulating resistance in various communities.

The observations from the present study suggest that IPTp

may have negligible overall benefits for the community of

Muheza, Tanzania. In addition, the deleterious effects of IPTp

on cord blood hemoglobin levels and fetal anemia were un-

expected. Fetal anemia predisposes to infancy anemia [14, 26],

which is a risk factor for infant mortality [27, 28]. Furthermore,

recent work from Malawi has demonstrated an association

between fetal anemia and shorter time to first illness during

Table 3. Placental Malaria (PM) Status Modifies the Effect of Intermittent Preventive Treatment During Pregnancy (IPTp) to Predict
Some Delivery Outcomes

Outcome

PM negative,

mean value (6SD)

Adjusted

effect size P a
PM positive,

mean value (6SD)

Adjusted

effect size P a

Birth weight (a 5 0.09)

No IPTp 3224 g (521) Reference 3136 g (348) Reference

IPTp 3235 g (409) 235 g (2138 to 69) .51 2931 g (434) 2175 g (2402 to 53) .13

Early 3340 g (407) 229 g (2133 to 75) 2893 g (423) 2224 g (2433 to 216)

Recent 3212 g (419) 267 g (2193 to 60) 3225 g (420) 111 g (2263 to 484)

Maternal hemoglobin level (a 5 0.04)

No IPTp 11.4 g/dL (4.2) Reference 9.3 g/dL (2.7) Reference

IPTp 11.3 g/dL (3.9) 20.3 g/dL (21.3 to 0.7) .60 11.1 g/dL (3.8) 2.1 g/dL (20.1 to 4.2) .06

Early 11.4 g/dL (4.0) 20.2 g/dL (21.2 to 0.9) 11.1 g/dL (3.7) 2.1 g/dL (20.1 to 4.4)

Recent 10.9 g/dL (3.8) 20.8 g/dL (22.1 to 0.4) 10.7 g/dL (4.4) 1.7 g/dL (21.6 to 5.0)

a P values reflect difference between no IPTp and any IPTp.
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Figure 1. Maternal peripheral plasma sulfa concentration is strongly
associated with cord plasma sulfa concentration (r 5 0.84; P , .001).
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Figure 2. Increasing cord plasma sulfa concentration predicts de-
creasing cord hemoglobin level (20.4 g/dL per 10 lg/mL increase in
sulfa; P 5 .05) and decreasing cord red blood cell count (21.1 3 105

RBC/lL per 10 lg/mL increase in sulfa; P 5 .05).
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childhood (respiratory infection, malaria, or diarrhea), as well

as a higher prevalence of persistent illness and a higher cumu-

lative incidence of morbidity [29]. Fetal anemia may play

a larger role in determining childhood morbidity and mortality

than has previously been appreciated.

We found that sulfa was readily detectable in cord plasma and

that levels correlated well with maternal plasma sulfa levels,

suggesting considerable in utero exposure to SP. The ratio of

cord-maternal sulfa that we describe is consistent with a report

of SP used to treat congenital toxoplasmosis that found a mean

fetal-maternal ratio of 0.97 (range, 0.65–1.16) [30]. In a second

study of pregnant ewes given sulfamethoxazole (a related sul-

fonamide), sulfa was concentrated in fetal plasma as a result of

decreased renal clearance of the primary metabolite by the fetus

[31]. In addition, we observed an inverse relationship between

cord sulfa concentration and both cord hemoglobin level and

red blood cell count, supporting our hypothesis that in utero SP

exposure may suppress hematopoiesis in the fetus. Future

studies are needed to explore this possibility.

This study has several limitations. First, the dhfr-dhps quin-

tuple mutant was ubiquitous, and nearly a third of parasites

carried the additional mutation at dhps codon 581 [9]. This

degree of drug resistance is unusually high, but it may never-

theless presage events elsewhere in Africa as drug-resistant

parasites spread. Second, although a randomized placebo-

controlled trial would have been the most rigorous study design

to address our hypothesis, we used a cross-sectional approach.

SP-IPTp is the standard of care in Tanzania, precluding a study

that included a placebo control. Accordingly, our control group

consisted of women who through their own actions or those of

ANC staff failed to receive IPTp. Although we found and

adjusted for multiple confounders, our results could be biased

by unmeasured variables. Finally, our analysis of primary IPTp

exposure was based on self-report. We validated our IPTp data

with measured plasma sulfa levels, however, and found

self-report to be very reliable.

Our data suggest that IPTp loses its benefits as drug resistance

increases in an area. Models of drug resistance predict that

benefits decay as drug-resistant parasites spread, eventually

approaching zero. In contrast, our data suggest that continued

mass administration of IPTp in an area of high resistance may

move beyond zero and result in net harm. In addition, our data

from previous work [9], as well as those from mouse models of

competitive facilitation [32], imply that continued application

of a failing drug regimen may exacerbate rather than alleviate

infection and disease in some individuals. We hypothesize that

above a threshold level of drug resistance the detrimental effects

of a regimen will outweigh the beneficial effects, resulting in

harm to the community. Our data suggest that Muheza is at or

near such a threshold and that continued application of SP may

be more harmful than beneficial.

Our findings of the potential for harm highlight a funda-

mental flaw in ongoing efforts to find effective new IPTp regi-

mens, which are compared with SP [33]. Such trials may find

that new IPTp regimens confer benefits when compared with SP,

but may still not be able to conclude that they are better than

placebo, increasing the risk of Type I error. More generally,

many studies of new interventions for the treatment of malaria

or other diseases do not include a placebo control group. In-

stead, new interventions are evaluated against older inter-

ventions. Evidence that a new intervention is better than an

older, harmful intervention does not justify the conclusion that

it is better than placebo. This key implication of our data should

inform future prophylaxis and treatment trials for malaria.

Once a policy of mass drug administration has been

implemented, clinical equipoise makes placebo-controlled

trials problematic, and the opportunity to confirm potential

harm in a community is limited. Cross-sectional observa-

tional studies similar to our own should be undertaken at

other sites that have varying degrees of resistance and PM

prevalence. These might yield an improved model of IPTp

efficacy that could predict the appropriate time to remove this

failing drug regimen. Separately, this study provides the im-

petus for future work using placebo-controlled trials of IPTp

to ensure that mass drug administration is conferring benefits

and not harm.

The WHO recently concluded that priorities for future

research were the identification of ‘‘when SP should be replaced

with a more effective antimalarial’’ (p. 5) and ‘‘the efficacy of SP-

IPTp against increasing prevalent quintuple pfdhr/dhps mutant

P. falciparum’’ [4 p. 5]. In addition, the WHO concluded that

increasing resistance demands the ‘‘evaluation of the in vivo

therapeutic and protective efficacy of SP in asymptomatic

pregnant women, and its correlation with molecular markers of

SP resistance, and the continuous monitoring of effectiveness of

SP-IPTp’’ [4 p. 6]. This study directly addresses the recom-

mendations of the WHO and is the first to examine IPTp effi-

cacy in an area where the SP treatment failure rate in children

exceeds 50% [7, 21] and where molecular markers of resistance

approach saturation [9]. We find strong evidence that IPTp is

failing in Muheza, arguing for urgent reevaluation of IPTp in

areas of widespread resistance.
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