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IN MALARIA-ENDEMIC REGIONS, THE

burden of disease is primarily in
young children and pregnant
women. Women are particularly

vulnerable to the adverse effects of ma-
laria during their first and second preg-
nancies.1 Approximately 50 million
women living in malaria-endemic areas
become pregnant each year, half in areas
of sub-Saharan Africa with stable Plas-
modium falciparum transmission. In
these regions, strategies to control ma-
laria during pregnancy rely on case
management of malaria illness and ane-
mia, and a package of preventive mea-
sures that consists of insecticide-
treated nets (ITNs) and intermittent
preventive therapy (IPT) with sulfa-
doxine-pyrimethamine.1

In the mid 1990s, IPT replaced weekly
chloroquine prophylaxis as the drug-
based strategy for the prevention of ma-
laria during pregnancy and has now been
adopted by almost all malaria-endemic
countries in Africa. Intermittent preven-
tive therapy during pregnancy consists
of administration of treatment doses of
an efficacious antimalarial drug given at
predefined intervals at least 1 month
apart, regardless of the presence of ma-
laria parasitemia at the time of treat-
ment. Intermittent preventive therapy
during pregnancy provides intermit-
tent clearance or suppression of exist-
ing asymptomatic infections from the

placenta (the treatment effect) and slowly
eliminated drugs, such as sulfadoxine-
pyrimethamine, may prevent new infec-
tions from occurring for several weeks
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Context In malaria-endemic regions, strategies to control malaria during pregnancy
rely on case management of malaria illness and anemia, and preventive measures such
as insecticide-treated nets and intermittent preventive therapy (IPT).

Objective To determine the effect of increasing resistance to sulfadoxine-
pyrimethamine on the efficacy of IPT during pregnancy in Africa.

Data Sources and Study Selection The 6 databases of MEDLINE, EMBASE,
SCOPUS, LILACS, Cochrane CENTRAL, and the trial register and bibliographic data-
base of the Malaria in Pregnancy Library were searched for relevant studies regardless
of language, published between 1966 and December 2006. The reference lists of all
trials identified were searched and researchers were contacted about relevant data.
Nine trials of IPT with sulfadoxine-pyrimethamine during pregnancy in Africa were
identified and matched by year and location with treatment studies of sulfadoxine-
pyrimethamine among symptomatic children.

Data Extraction Data on the efficacy of IPT with sulfadoxine-pyrimethamine on pla-
cental and peripheral malaria, birth weight, and hemoglobin level/anemia were inde-
pendently abstracted by 2 investigators. Sulfadoxine-pyrimethamine resistance was de-
fined as the proportion of total treatment failures in symptomatic children by day 14.

Data Synthesis Four trials compared 2-dose IPT with sulfadoxine-pyrimethamine
to case management or placebo in women during their first or second pregnancy. The
IPT reduced placental malaria (relative risk [RR], 0.48; 95% CI, 0.35-0.68), low birth
weight (RR, 0.71; 95% CI, 0.55-0.92), and anemia (RR, 0.90; 95% CI, 0.81-0.99).
The effect did not vary by sulfadoxine-pyrimethamine resistance levels (range, 19%-
26%). Efficacy of IPT with sulfadoxine-pyrimethamine was lower among women using
insecticide-treated nets. Three trials compared 2-dose with monthly IPT with sulfadoxine-
pyrimethamine during pregnancy. Among HIV-positive women in their first or sec-
ond pregnancy, monthly IPT resulted in less placental malaria (RR, 0.34; 95% CI, 0.18-
0.64) and higher birth weight (mean difference, 112 g; 95% CI, 19-205 g) over the
range of sulfadoxine-pyrimethamine resistance tested (8%-39%). Among HIV-
negative women, there was no conclusive additional effect of monthly dosing (2 trials;
24% and 39% resistance).

Conclusions In areas in which 1 of 4 treatments with sulfadoxine-pyrimethamine
fail in children by day 14, the 2-dose IPT with sulfadoxine-pyrimethamine regimen
continues to provide substantial benefit to HIV-negative semi-immune pregnant women.
However, more frequent dosing is required in HIV-positive women not using cotri-
moxazole prophylaxis for opportunistic infections.
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by maintenance of suppressive drug lev-
els (the prophylactic effect). In areas of
Africa with stable P. falciparum malaria
transmission, the World Health Organi-
zation (WHO) recommends that at least
2 curative doses of sulfadoxine-
pyrimethamine be given during the sec-
ond and third trimester of pregnancy.1

More frequent dosing is recommended
for women with the human immunode-
ficiency virus (HIV) who are not taking
cotrimoxazole for prophylaxis of oppor-
tunistic infections.

Sulfadoxine-pyrimethamine is the
only antimalarial drug currently used for
IPT during pregnancy.1 However, sulfa-
doxine-pyrimethamine efficacy for treat-
ment of symptomatic malaria in chil-
dren has declined in the last 5 years,
raising concerns about its longevity for
IPT during pregnancy. Although it is not
fully understood how IPT works, it is
likely that the prophylactic effect of sul-
fadoxine-pyrimethamine, as opposed to
the treatment effect alone, plays an im-
portant role.2

Resistance to sulfadoxine-pyrimeth-
amine results from mutations in the di-
hydrofolate reductase (DHFR) gene and
the dihydropteroate synthetase (DHPS)
gene of the parasite. With increasing
drug resistance, the minimum inhibi-
tory concentration at which parasite
growth is inhibited increases and the
time window for drug concentrations
to fall below these levels shortens. This
results in a progressive shortening of
the duration of the suppressive pro-
phylactic effect posttreatment. Para-
sites with triple DHFR mutations have
an approximate 1000-fold reduction in
susceptibility to pyrimethamine, which
translates into a reduction in the du-
ration of posttreatment prophylaxis of
1 month, compromising the efficacy of
the 2-dose regimen, which can have a
3-month interval between doses.2

Countries with moderate to high lev-
els of sulfadoxine-pyrimethamine resis-
tance urgently require guidance on
whether to continue using sulfadoxine-
pyrimethamine for IPT during preg-
nancy. This requires an improved un-
derstanding of the relationship between
drug resistance and its implications for

IPT during pregnancy. In vivo drug re-
sistance in a population is typically
monitored by assessing the treatment re-
sponse in symptomatic children aged 6
months to almost 5 years (4 years and
11 months), who have acquired little or
limited immunity.3-5 Pregnant women in
stable malaria transmission areas have
significant levels of acquired immunity
to malaria and when infected often have
no or few symptoms and low parasite
densities. Their response to antima-
larial treatment is therefore much bet-
ter than that in symptomatic young chil-
dren. A recent meta-analysis illustrated
that pregnant women are on average half
as likely to fail antimalarial treatment
with chloroquine or sulfadoxine-
pyrimethamine than children.6

We evaluated published and unpub-
lished data to assess the efficacy of IPT
with sulfadoxine-pyrimethamine dur-
ing pregnancy as a function of sulfa-
doxine-pyrimethamine resistance in the
population in Africa. The degree of sul-
fadoxine-pyrimethamine resistance was
determined using the therapeutic re-
sponse to sulfadoxine-pyrimethamine
in children with acute falciparum ma-
laria obtained from concomitant treat-
ment studies conducted in the same
time frame and country.

There is an urgent need to explore
alternative drugs that can be used for
IPT during pregnancy. Such studies are
planned or ongoing but the results will
not be available for several years.7 In this
review, we therefore also explored
whether increasing the frequency of IPT
with sulfadoxine-pyrimethamine dur-
ing pregnancy could provide a tempo-
rary respite in areas with increasing sul-
fadoxine-pyrimethamine resistance by
reviewing trials that compared the con-
ventional 2-dose IPT regimens with sul-
fadoxine-pyrimethamine during preg-
nancy with monthly regimens.

METHODS
Study Eligibility Criteria
and Identification of Trials

The 6 databases of MEDLINE,
EMBASE, SCOPUS, LILACS, Coch-
rane CENTRAL, and the trial register
and bibliographic database of the Ma-

laria in Pregnancy Library8 were
searched using the strategy of the Coch-
rane Infectious Diseases Group9 to iden-
tify potentially relevant IPT trials re-
gardless of language, which were
published between 1966 and Decem-
ber 2006, using the Medical Subject
Headings malaria, pregnant, prophy-
laxis, Africa, intermittent, treatment, sul-
fadoxine, pyrimethamine, efficacy, and
resistance. The reference lists of all trials
identified also were searched and re-
searchers in the field were contacted to
identify unpublished data. To obtain
relevant treatment studies in children,
we used the search terms sulfadoxine,
pyrimethamine, malaria, efficacy, resis-
tance, and Africa.

All trials in sub-Saharan Africa that
randomized pregnant women to IPT
with sulfadoxine-pyrimethamine and a
control group were included. The con-
trol group in the included studies could
consist of either a placebo or current
standard of care, which could include
treatment of incident malaria cases only
(ie, no preventive intervention), or
weekly chloroquine prophylaxis. In
studies investigating the efficacy of
monthly IPT with sulfadoxine-
pyrimethamine during pregnancy, the
comparator group was a standard
2-dose IPT with sulfadoxine-pyrimeth-
amine during pregnancy. To estimate
the degree of in vivo sulfadoxine-
pyrimethamine resistance in the popu-
lation at the time of the trial of IPT with
sulfadoxine-pyrimethamine during
pregnancy, treatment studies involv-
ing symptomatic children were identi-
fied using a similar search strategy.

Data Extraction

For the trials of IPT with sulfadoxine-
pyrimethamine during pregnancy, we
recorded information on the recruit-
ment and randomization procedures,
supervision of study medications, loss
to follow-up, description of the blood
test examination, bed net use, number
of previous pregnancies, and HIV status.

An eligible treatment study in chil-
dren was considered a match with a trial
of IPT with sulfadoxine-pyrimeth-
amine during pregnancy if it was con-
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ducted within the same country and
during the same period (maximum of
2 years difference).6 From the match-
ing treatment studies, we recorded loss
to follow-up, inclusion and exclusion
criteria, and the response to treatment
with sulfadoxine-pyrimethamine.

The quality of each IPT during preg-
nancy trial was assessed based on the
methods for the generation of the allo-
cation sequence and concealment, the
degree of blinding,10 and the degree of
loss to follow-up reported for the pri-
mary end point. This was scored using
a modified version of the Jadad scale.11

Blinding of the quality assessment could
not be achieved because the reviewers
were familiar with all of the included
studies.

Data Analysis

The relationship between the effect of
IPT with sulfadoxine-pyrimethamine
during pregnancy and drug resistance
was assessed using 2 different ap-
proaches: the comparison with the con-
trol group and the proportional reduc-
tion of peripheral parasitemia within
each IPT with sulfadoxine-pyrimeth-
amine treatment group.

In the first set of analyses, efficacy of
IPT with sulfadoxine-pyrimethamine
during pregnancy was expressed as a
relative risk (RR) and compared with
the control groups. Placental malaria,
the most malaria-specific end point, was
the primary outcome. It was used as a
primary outcome in all but 2 trials. Sec-
ondary outcome measures included ma-
ternal peripheral parasitemia at deliv-
ery, low birth weight, mean birth
weight, all-cause maternal anemia, and
mean hemoglobin level.

These analyses were categorized into
3 main groups according to the control
group: (1) studies that compared 2-dose
IPT with sulfadoxine-pyrimethamine
during pregnancy with chloroquine pro-
phylaxis, (2) studies that compared
2-dose IPT with sulfadoxine-pyrimeth-
amine during pregnancy with placebo
or case management, and (3) studies
that compared 2-dose IPT with 3 or
more doses of IPT with sulfadoxine-
pyrimethamine during pregnancy

(monthly IPT regimen). The relation-
ship between efficacy of IPT and the de-
gree of drug resistance was then as-
sessed by comparing the protective
efficacy of IPT during pregnancy as a
function of the treatment failure rate
with sulfadoxine-pyrimethamine ob-
served in children. Assessment of the
treatment response in children was based
on standard WHO criteria and defined
as the proportion of total treatment fail-
ure by day 14, which combines clinical
and parasitological failure.4,5

We used fixed-effects models and as-
sessed heterogeneity by the I2 test with
values greater than 50% representing sig-
nificant heterogeneity using RevMan ver-
sion 4.2 (Cochrane Collaboration’s In-
formation Management System, Oxford,
England).12 When heterogeneity be-
tween studies was found to be signifi-
cant, pooled estimates were based on ran-
dom-effect models.13

The second analytical approach ex-
pressed efficacy of IPT with sulfadox-
ine-pyrimethamine during pregnancy
as the reduction in the proportion of
women with peripheral parasitemia at
delivery compared with the propor-
tion at enrollment. This was assessed
within each IPT group (ie, not relative
to a control group). For example, if 60%
of the women in the 2-dose IPT group
were parasitemic at enrollment and only
20% of the group were parasitemic at
delivery this was considered as a 67%
reduction in peripheral parasitemia.
This method was used to combine re-
sults from all trials regardless of the type
of control group used and allowed as-
sessment of the impact of drug resis-
tance over a wider range of sulfadoxine-
pyrimethamine resistance.

Analyses were subdivided a priori by
2 gravidity groups: first and second preg-
nancy, who are most at risk for and ben-
efit most from successful prevention of
malaria; and third or more pregnancies,
henceforth referred to as multiple pre-
vious pregnancies. The analysis of 2-dose
vs monthly IPT with sulfadoxine-
pyrimethamine was stratified by HIV sta-
tus because HIV is known to moderate
the effect of IPT during pregnancy.14 We
had hoped to explore heterogeneity by

gravidity but data were insufficient be-
cause almost all studies were con-
ducted only among women during their
first and second pregnancies.

RESULTS
IPT During Pregnancy Studies

Ninerandomizedcontrolled trialsof IPT
withsulfadoxine-pyrimethamineduring
pregnancywereidentified(TABLE1).Two
of these trials compared IPT with
sulfadoxine-pyrimethamineduringpreg-
nancywithweeklychloroquineprophy-
laxis15,29; 5 trials compared IPT with
sulfadoxine-pyrimethaminewithplacebo
orcasemanagement17,21,24,27,30;and3trials
comparedIPTwith2dosesofsulfadoxine-
pyrimethaminewithmonthlyIPT(ie,�3
doses)17,32(D.H.Hamer,MD,unpublished
data, 2006), 1 of which also contained a
casemanagementgroup(ie,3groups).17

OnetrialusedafactorialdesignwithITNs
inwhichwomenwereallocatedtoreceive
IPT during pregnancy, placebo IPT dur-
ingpregnancy,ITNsplusIPTduringpreg-
nancy, or ITNs plus placebo IPT during
pregnancy.24Sevenofthe9trialsrestricted
enrollmenttowomenduringtheir firstor
second pregnancy. One trial recruited
women of all pregnancy order (D. H.
Hamer,MD,unpublisheddata,2006),and
another recruited only women who had
at least 1 previous pregnancy (multi-
gravida).30 One study recruited HIV-
positivewomenonly(D.H.Hamer,MD,
unpublished data, 2006). The HIV-
positive women in these trials were not
receivingcotrimoxazoleprophylaxis. In
all trials of sulfadoxine-pyrimethamine,
intakewas supervised.Placentalmalaria
wastheprimaryoutcomein7ofthe8trials
that included its assessment.

Two trials were considered low qual-
ity (22%). These 2 studies were con-
ducted in the early and mid 1990s,15,17

before the introduction of the Consoli-
dated Standards for Reporting of Trials
(CONSORT) guidelines for clinical trials
in1996.35 Onecompared2-dose IPTwith
sulfadoxine-pyrimethamine during preg-
nancy with chloroquine prophylaxis, and
the other trial compared 2-dose IPT with
sulfadoxine-pyrimethamine during preg-
nancy with monthly IPT and with case
management (3 groups) (Table 1).
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Table 1. Characteristics of Included Randomized Controlled Trials

Trial of Pregnant
Women; Location

No. of
Women

Trial Quality
Score;

Comments*
Comparison of Regimens

During Pregnancy
Bed

Net, %
EIR,

per Year

Matched
Treatment
Studies in

Symptomatic
Children

Resistance to
Sulfadoxine-

Pyrimethamine, %†

Schultz et al,15 1994;
Malawi

109‡ 1; Allocation to treatment
group based on day
of clinic attendance,
not blinded, low
follow-up

2-dose IPT with
sulfadoxine-pyrimethamine
vs chloroquine prophylaxis

Unknown 18-27 Nwanyanwu
et al16

5.5

Parise et al,17 1998;
Kenya

672‡ 1; Allocation to treatment
group based on day
of clinic attendance,
not blinded, low
follow-up

2-dose IPT with
sulfadoxine-pyrimethamine
vs case management;
2-dose IPT with
sulfadoxine-pyrimethamine
vs monthly IPT with
sulfadoxine-pyrimethamine

ITN: 11;
Any net:

39 in
1997-
200018

60-300 Van Dillen et al19

Omar et al20
23.8§

Shulman et al,21

1999; Kenya
401� 9; Adequate generation

of allocation sequence
and concealment,
placebo-controlled,
adequate follow-up

IPT vs placebo;
No. of doses dependent
on gestational age at
enrollment (64% received
2 doses)

ITN: 26 10 Adjuik et al22

Amukoye et al23
19.3§

Njagi,24 2002 and
Njagi et al,25

2003;
Kenya

624‡ 7; Adequate generation
of allocation sequence,
inadequate allocation
concealment,
placebo-controlled,
moderate follow-up

2-dose IPT with
sulfadoxine-pyrimethamine
vs placebo

ITN: 50¶ 60-300 Obonyo et al26 25.5

Challis et al,27 2004;
Mozambique

244‡# 6; Adequate generation of
allocation sequence,
inadequate allocation
concealment,
placebo-controlled,
low follow-up

2-dose IPT with
sulfadoxine-pyrimethamine
vs placebo

ITN:
Unknown;
Any net:

15

12 Abacassamo
et al28

21.4

Kayentao et al,29

2005; Mali
722‡ 6; Adequate generation of

allocation sequence
and concealment,
open label, no
assessor blinding,
adequate follow-up

2-dose IPT with
sulfadoxine-pyrimethamine
vs chloroquine prophylaxis

Unknown 17-150 MRTC/CDC
(unpublished)

2.9

Mbaye et al,30 2006;
Gambia

2002** 8; Adequate generation of
allocation sequence
and concealment,
placebo-controlled,
moderate follow-up

IPT vs placebo;
No. of doses dependent
on gestational age
at enrollment
(58% received
�2 doses)

ITN: 61;
Any net:

78

10 Dunyo et al31 9.5

Filler et al,32 2006;
Malawi

498‡ 6; Adequate generation of
allocation sequence
and concealment,
open label, assessor
blinded, moderate
follow-up

2-dose IPT with
sulfadoxine-pyrimethamine
vs monthly IPT with
sulfadoxine-
pyrimethamine;
stratified by
HIV status

ITN: 15.3 18-27 Plowe et al33

Plowe et al
(unpublished)

Plowe et al
(unpublished)

38.9††

Hamer et al
(unpublished);
Zambia

359‡‡ 8; Adequate generation
of allocation sequence
and concealment,
placebo-controlled,
moderate follow-up

2-dose IPT with
sulfadoxine-pyrimethamine
vs monthly IPT with
sulfadoxine-pyrimethamine

ITN: 24.8 Unknown NMCH/CBH34 7.7

Abbreviations: EIR, entomological inoculation rate; HIV, human immunodeficiency virus; IPT, intermittent preventive therapy; ITN, insecticide-treated net; MRTC/CDC, Malaria Research
and Training Center/CDC, Centers for Disease Control and Prevention; NMCH/CBH, National Malaria Control Center/Central Board of Health.

*Trial quality was assessed using a modified version of the Jadad scale.11 Adequacy of the generation of allocation sequence and its concealment was assessed as described by Jüni et
al.10 Follow-up was scored as adequate (�85%), moderate (70%-85%), and low (�70%) for the primary end point in each of these studies, which was placental malaria with the
exception of Mbaye et al30 (birth weight) and Shulman et al21 (anemia in the third trimester). All authors were contacted if the information provided in the publication was not clear or not
provided. The highest trial quality score that could be obtained was 9. Trials rated 6 or more were considered high quality.

†Defined as the proportion of total treatment failure in symptomatic children by day 14.
‡Study included women during their first or second pregnancy.
§The mean of 2 studies was used.
�Study included only women during their first pregnancy.
¶Study had factorial design with 4 treatment groups: IPT; placebo IPT; ITN plus IPT; or ITN plus placebo IPT.
#Study enrolled only women during their first or second pregnancy if younger than 21 years.
**Study included only women during their second pregnancy or higher.
††Mean of 3 studies was used (all 3 studies by Plowe et al).
‡‡Study included only HIV-infected women and those of any pregnancy order (enrollment not limited by number of previous pregnancies).
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Matched Treatment
Studies in Children
Thirteen studies in children were iden-
tified that matched the 9 prevention stud-
ies in pregnant women by country and
study period (TABLE 2). All matched
studies included symptomatic children
younger than 5 years, except 1 study in
Kenya that included infants and chil-
dren younger than 6 years, and 1 study
in the Gambia that included children
aged 6 months to 10 years.31 In all
matched treatment studies, sulfadoxine-
pyrimethamine was taken under super-
vision. The matching quality was con-
sidered good in 7 of 9 IPT studies
(Table 2). For all IPT with sulfadoxine-
pyrimethamine during pregnancy stud-
ies, a matching treatment study could be
identified that was conducted at the same
location (n=5) or within 100 miles of the
IPTstudysite (n=4).The treatment stud-
ies in children overlapped in time with
5 of the 9 IPT during pregnancy trials.
For the remaining 4, the maximum time
difference was 2 years. For 2 of these, 2
matches were identified; 1 before and 1
after the IPT during pregnancy trial, and
the midpoint was used. For both trials
that involved chloroquine prophylaxis,
additional treatment studies with chlo-
roquine could be identified to define the
degree of chloroquine resistance at the
time of the study.

Protective Efficacy of 2-Dose IPT
During Pregnancy by Level of Drug
Resistance Compared With Weekly
Chloroquine Prophylaxis

The 2 IPT with sulfadoxine-pyrimeth-
amine trials using chloroquine prophy-
laxis as the comparator were con-
ducted among women during their first
and second pregnancies, 1 in Malawi and
1 in Mali.15,29 The 2-dose IPT with sul-
fadoxine-pyrimethamine regimen re-
sulted in greater reductions in malaria in-
fection and low birth weight than weekly
chloroquine but the difference was only
statistically significant for low birth
weight (FIGURE 1). Because both stud-
ies were from areas with low sulfadox-
ine-pyrimethamine resistance (5% in
Malawi and 3% in Mali) and different
degrees of chloroquine resistance, no

trend analysis could be conducted by
degree of sulfadoxine-pyrimethamine
resistance.

The differences in the effect of IPT
with sulfadoxine-pyrimethamine dur-
ing pregnancy vs weekly chloroquine
were greatest in the study in Malawi,
which had much higher levels of chlo-
roquine resistance at the time of the
study than was present in Mali (86%
treatment failure with chloroquine in
children at day 7 in Malawi vs 9% in
Mali).36,37 The differences between these
2 studies in the efficacy of IPT with su-
fadoxine-pyrimethamine relative to
chloroquine prophylaxis were statisti-
cally significant for placental malaria
and maternal parasitemia as indicated
by the I2 score greater than 80%
(Figure 1). A sensitivity analysis that
included only high-quality trials was not
possible because only 1 of the trials ful-
filled the high-quality criteria.

IPT Compared With Case
Management or Placebo
Among Women With 1 or More
Previous Pregnancies

Of the 5 trials comparing the standard
2-dose IPT with sulfadoxine-pyrimeth-
amine regimen with case management
or placebo, 1 was conducted in women
with 1 or multiple previous pregnan-
cies only (ie, this study did not include
women during their first pregnancy).30

This study from the Gambia compared
IPT with sulfadoxine-pyrimethamine
during pregnancy with placebo and was
conducted in an area with low sulfadox-
ine-pyrimethamine resistance (9.5%
treatment failure by day 14)30; 78% of the
women also used a bed net. The num-
ber of doses received was dependent on
the time of enrollment; 58% received
more than 2 doses. Although a protec-
tive effect was seen on maternal periph-
eral parasitemia at delivery, no signifi-
cant effect was detected on any other
outcome measure, except in women not
using a bed net (data not shown).30

Women During Their First and
Second Pregnancies

The remaining 4 studies were all con-
ducted among women during their first

andsecondpregnanciesinareaswith19%
to 26% sulfadoxine-pyrimethamine re-
sistance.17,21,24,27 The 2-dose IPT with
sulfadoxine-pyrimethamineregimenwas
veryeffective inpreventingplacentalma-
laria,peripheralparasitemia,anemia,and
low birth weight (FIGURE 2) and was as-
sociated with a mean increase of 0.38
g/dLinhemoglobinleveland79ginbirth
weight (FIGURE 3). The forest plots sug-
gestedheterogeneityofeffect,whichwas
statistically significant for placental ma-
laria (I2 score of 52.1%) and mean birth
weight and maternal anemia (I2 scores
of 50.8% and 59.9%, respectively). The
heterogeneity for placental malaria and
birth weight could be explained by
inclusion of the trial by Njagi et al24,25 in
western Kenya that used a factorial
design and co-randomized half of the
women to also receive ITNs. This
study showed that effect of IPT with
sulfadoxine-pyrimethamineduringpreg-
nancy was significantly modified by the
presence of ITNs.

Intermittent preventive therapy with
sulfadoxine-pyrimethamine during
pregnancy had significantly less effect
on placental malaria if women were ran-
domized to ITNs (RR of 0.79 [95% con-
fidence interval {CI}, 0.50-1.24] vs 0.44
[95% CI, 0.28-0.70]; I2=68.5%). The
effect of IPT during pregnancy on mean
birth weight also differed significantly
between the group with ITNs and the
group without ITNs (−14 vs 83 g;
I2=52.7%). With the exception of mean
hemoglobin level for which low and
nonstatistically significant residual
heterogeneity remained (21.7%), all I2

values were 0 after exclusion of women
randomized to ITNs, indicating homo-
geneity of effect across trials and resis-
tance levels. These results were the
same whether the low-quality trial17 was
included or excluded.

Protective Efficacy
of Monthly vs 2-Dose IPT
by Level of Drug Resistance

Three trials compared monthly with
2-dose IPT with sulfadoxine-pyrimeth-
amine during pregnancy (D. H. Hamer,
MD, unpublished data, 2006).17,32 Two
trials included both HIV-positive and
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HIV-negative women during their first
and second pregnancies and were con-
ducted in areas with sulfadoxine-
pyrimethamine resistance of 24% in
Kenya and 39% in Malawi. The rate of
treatment failure in Malawi was the high-
est recorded in this review. The third trial
included HIV-positive women only, and
unlike the other 2 trials included women
of all pregnancy order and was con-
ducted in an area of low sulfadoxine-
pyrimethamine resistance (8%) (D. H.
Hamer, MD, unpublished data, 2006).
The monthly regimen resulted in women
receiving between 3 and 7 doses of sul-
fadoxine-pyrimethamine depending on
the gestational age at enrollment. The
median number of doses in Kenya was
3 (60% received 3 doses, 17% received
4 doses, and 3% received 5 doses)17; the
median number of doses was 5 in Malawi
(80% received �3 doses)32; and the me-
dian number of doses was 4 in Zambia
(D. H. Hamer, MD, unpublished data,
2006).

Among HIV-positive women in their
first and second pregnancies (3 stud-
ies), the monthly regimens resulted
consistently in greater reductions in pla-
cental malaria (RR, 0.34; 95% CI, 0.18-

0.64) and greater increases in mean
birth weight (mean difference, 112 g)
at all 3 levels of sulfadoxine-pyrimeth-
amine resistance (TABLE 3). This was
not associated with a significant ben-
eficial effect on low birth weight.
Monthly dosing was not associated with
better hemoglobin levels or less ane-
mia. Exclusion of the low-quality trial17

did not alter the conclusion.
Among HIV-positive women with

multiple previous pregnancies, monthly
IPT with sulfadoxine-pyrimethamine
did not provide any additional benefit
over 2-dose IPT (data not shown; D. H.
Hamer, MD, unpublished data, 2006).

Among HIV-negative women dur-
ing their first and second pregnancies
(2 studies), the effect on placental
malaria of monthly IPT with sulfadox-
ine-pyrimethamine differed signifi-
cantly between the 2 studies (I2=63.7%)
(FIGURE 4); whereas there was no
evidence for any additional effect on
placental (RR, 1.33; 95% CI, 0.50-
3.52) or peripheral malaria (RR, 1.02;
95% CI, 0.39-2.69) of monthly dosing
in the study in Kenya (conducted at
24% sulfadoxine-pyrimethamine resis-
tance),17 monthly dosing resulted in

greater reductions in peripheral para-
sitemia (RR, 0.39 [95% CI, 0.17-
0.90]; P=.03) in Malawi (39% resis-
tance)32 (FIGURE 5). There was also a
63% greater reduction in placental ma-
laria with monthly dosing in Malawi
and a greater increase in birth weight
(mean difference, 80 g), but none of
these differences was statistically sig-
nificant (Table 3).32

Proportional Reduction
of Peripheral Parasitemia

For 7 of the 9 studies, it was possible
to assess the proportional reduction of
peripheral parasitemia at delivery com-
pared with enrollment in women dur-
ing their first or second pregnancy
(FIGURE 6). Studies among HIV-
negative or women with unknown HIV
status showed a lower proportional
reduction with 2-dose regimen with an
increasing level of sulfadoxine-
pyrimethamine resistance in the area
(Figure 6). However, the reduction
associated with 2-dose IPT with sulfa-
doxine-pyrimethamine during preg-
nancy remained greater than 60% in
the range of resistances evaluated
(3%-39%).

Table 2. Matched Treatment Studies Among Symptomatic Children

Trial of Symptomatic
Children

Age of
Children, y

Reported No.
of Treatment
Failures/Total

Day of
Assessment

Treatment
Failure at
Day 14, %

Trial of Pregnant Women
Receiving Intermittent

Preventive Therapy

Quality of Trial Match*

Difference in
Study Period Locations Overall

Nwanyanwu et al,16 1996 �5 7/69 28 5.5† Schultz et al,15 1994 �2 y Overlap Moderate

Van Dillen et al,19 1999 �5 19/55 14 34.5 Parise et al,17 1998 �2 y �100 miles Good

Omar et al,20 2001 �5 9/69 14 13.0 Parise et al,17 1998 �2 y �100 miles Good

Adjuik et al,22 2004 �5 53/189 14 28.0 Shulman et al,21 1999 �2 y Overlap Good

Amukoye et al,23 1997 �6 28/142 28 10.6† Shulman et al,21 1999 �2 y Overlap Good

Obonyo et al,26 2003 �5 49/192 14 25.5 Njagi,24 2002 Overlap Overlap Good

Abacassamo et al,28 2004 �5 15/70 14 21.4 Challis et al,27 2004 Overlap �100 miles Good

MRTC/CDC (unpublished) �5 3/56 28 2.9† Kayentao et al,29 2005 Overlap Overlap Good

Dunyo et al,31 2006 6 mo to 10 22/124 28 9.5† Mbaye et al,30 2006 �2 y Overlap Moderate

Plowe et al,33 2004‡ �5 48/133 14 36.1 Filler et al,32 2006 Overlap �100 miles Good

Plowe et al (unpublished)‡ �5 34/121 14 28.1 Filler et al,32 2006 Overlap �100 miles Good

Plowe et al (unpublished)‡ �5 40/76 14 52.6 Filler et al,32 2006 Overlap �100 miles Good

NMCH/CBH,34 2002 �5 4/52 14 7.7 Hamer et al (unpublished) Overlap �100 miles Good
Abbreviations: MRTC/CDC, Malaria Research and Training Center/Centers for Disease Control and Prevention; NMCH/CBH, National Malaria Control Center, Ministry of Health/Central

Board of Health.
*A match was considered good if both time and location matching were good, and moderate if either the time match or location match was moderate. Location matching was considered

moderate if the study sites were more than 100 miles apart but within the same country, and good if they were within 100 miles or overlapped. Time matching was considered good
if the study period overlapped or if the midpoint of 2 matching studies overlapped with the intermittent preventive therapy study period.

†Data extrapolated to day 14 by dividing the day 28 failure rate by 1.86 based on published data from a meta-analysis of 5 randomized controlled treatment trials (N = 852) involving
infants and children aged 6 months to almost 5 years (4 years and 11 months) with acute falciparum malaria treated with sulfadoxine-pyrimethamine in sub-Saharan Africa.22

‡Data from 2002 was extracted for children younger than 5 years from the publication quoted.33 Data from 2004 was collected in an identical way in the same study site as the publication
quoted and data from 2005 were from a subsequent trial conducted using similar but not identical methods in the same study site.
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Among HIV-positive women dur-
ing their first or second pregnancy, the
proportional reduction with the 2-dose
IPT with sulfadoxine-pyrimethamine
regimen declined from 56% at 8% re-
sistance (1 study) and 68% at 24% re-
sistance (1 study) to only 21% in the
area with the highest resistance (1 study
at 39% resistance). By contrast, in these
same studies the monthly dosing regi-
mens maintained good efficacy (79%)
even at the 39% resistance level
(Figure 6).

Adverse Events

In the 9 trials, a total of at least 11 379
sulfadoxine-pyrimethamine treatments
among 4911 women were observed, of
which 1898 sulfadoxine-pyrimeth-
amine treatments were given to 652
known HIV-positive women (TABLE 4).
Adverse events were not common and
did not appear to be more common in
the participants receiving 2 doses of sul-
fadoxine-pyrimethamine compared with
participants in the control group, or in

participants receiving monthly doses
compared with 2 doses of sulfadoxine-
pyrimethamine (insufficient details were
provided to allow a meta-analysis of the
data).

Maternal adverse drug reactions may
be more common among HIV-
positive women. In the study by Parise
et al,17 3.2% of HIV-positive women had
an adverse drug reaction after the first
dose compared with 0.4% of HIV-
negative women (P=.08). In contrast,
no difference was reported in the study
by Filler et al.32

Of the21reportedmaternaldeaths (10
in the IPT with sulfadoxine-pyrimeth-
amine groups [2-dose or monthly], 9 in
placebo groups, and 2 in unknown
groups); 1 death was due to a severe cu-
taneous adverse drug reaction to sulfa-
doxine-pyrimethamine. This death oc-
curred in an HIV-positive woman who
was randomized to monthly sulfadoxine-
pyrimethamine; however, symptoms
started 3 weeks after the first dose of sul-
fadoxine-pyrimethamine and she did not

receive a second dose (D. H. Hamer, MD,
unpublished data, 2006).

COMMENT
The deleterious effects of malaria dur-
ing pregnancy can be substantially re-
duced by using IPT in pregnant women.
Sulfadoxine-pyrimethamine is cur-
rently the only single-dose long-
acting antimalarial drug that has ideal
properties (low cost, documented
safety, and ease of use) for use as IPT
during pregnancy.1 The current ap-
praisal of available data on the efficacy
of IPT with sulfadoxine-pyrimeth-
amine as a function of sulfadoxine-
pyrimethamine treatment responses in
children provides policy makers with
a clearer understanding of the value of
different IPT regimens with sulfadox-
ine-pyrimethamine during pregnancy
in the context of increasing sulfadoxine-
pyrimethamine resistance.

Therewereonlyasmallnumberoftrials
andseveraldifferentcomparatorgroups.
Only4trialscomparedthe2-doseIPTregi-

Figure 1. Effect of 2-Dose Intermittent Preventive Therapy With Sulfadoxine-Pyrimethamine Among Women During Their First or Second
Pregnancy vs Chloroquine Prophylaxis on Placental Malaria, Maternal Malaria, and Low Birth Weight

Favors
Sulfadoxine-

Pyrimethamine

Favors
Chloroquine
Prophylaxis

RR (95% CI)

% Sulfadoxine-
Pyrimethamine

Treatment Failure by
Day 14 In Children

RR
(95% CI)

No. of Events/Total No.

Intermittent Preventive
Therapy With

Sulfadoxine-Pyrimethamine
During Pregnancy

Chloroquine
Prophylaxis

0.05 2.01.00.1

87/355
6/71

426

109/367
12/38

405

Placental Malaria
Kayentao et al,29 2005 3 0.83 (0.65-1.05)
Schultz et al,15 1994 5 0.27 (0.11-0.66)

Test for Heterogeneity: χ2
1 = 5.66 (P = .02); I2 = 82.3%

Test for Overall Effect: z = 1.20 (P = .23)

Total 0.51 (0.17-1.53)∗

Maternal Parasitemia at Delivery
Kayentao et al,29 2005 3 0.81 (0.63-1.05)
Schultz et al,15 1994 5 0.09 (0.02-0.38)

Test for Heterogeneity: χ2
1 = 8.92 (P = .003); I2 = 88.8%

Test for Overall Effect: z = 1.08 (P = .28)

79/363
2/71

434

101/376
12/38

414Total 0.30 (0.03-2.67)∗

Low Birth Weight (<2500 g)
Kayentao et al,29 2005 3 0.78 (0.62-1.00)
Schultz et al,15 1994 5 0.64 (0.31-1.35)

Test for Heterogeneity: χ2
1 = 0.25 (P = .61); I2 = 0%

Test for Overall Effect: z = 2.25 (P = .02)

Total 0.77 (0.61-0.97)†

86/354
12/71

425

113/365
10/38

403

Both studies were conducted in areas of low to moderate sulfadoxine-pyrimethamine treatment failure among symptomatic children by day 14 (3% and 5%). How-
ever, chloroquine treatment failure in children was much lower in Mali (8.9% at day 7)36 than in Malawi (85.7% at day 7).37 The effect on mean birth weight, hemo-
globin level, and anemia were reported only for the study in Mali (not shown). The size of the square data markers reflects the relative weight of each study. The
diamonds represent summary effect estimates. CI indicates confidence interval; RR, relative risk.
*Indicates random-effects model was used.
†Indicates fixed-effects model was used.
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men with sulfadoxine-pyrimethamine
with placebo or case management in
womenduring their firstor secondpreg-
nancy, and the range of sulfadoxine-
pyrimethamine resistance in this group
was narrow (19%-26%), which limited
trend analysis. Only a single trial was
conducted at higher levels of resistance
(the study in Malawi comparing 2-dose
with monthly IPT with sulfadoxine-
pyrimethamineduringpregnancywitha

39% treatment failure), and no trial has
yetbeenconductedinareaswithagreater
than 40% failure rate by day 14.

The pooled analysis of the 4 studies
that use placebo or case management
as a control show that the 2-dose regi-
men of IPT with sulfadoxine-pyrimeth-
amine continues to provide a substan-
tial benefit to semi-immune, HIV-
negative pregnant women in their first
or second pregnancy even in areas

where sulfadoxine-pyrimethamine re-
sistance is well established and fails to
cure 1 in 4 malaria infections in symp-
tomatic children by day 14. A 25%
threshold has been used by the WHO
as the cut-off for policy change in areas
with high transmission such as Africa.5

Our analysis of the proportional reduc-
tion in peripheral parasitemia, which
allowed assessment of the effect of IPT
during pregnancy over a wider range

Figure 2. Effect of 2-Dose Intermittent Preventive Therapy With Sulfadoxine-Pyrimethamine Among Women During Their First or Second
Pregnancy vs Case Management or Placebo (Control) on Placental Malaria, Maternal Parasitemia, Low Birth Weight, and Maternal Anemia

Favors
Sulfadoxine-

Pyrimethamine
Favors
Control

RR (95% CI)

% Sulfadoxine-
Pyrimethamine

Treatment Failure by
Day 14 In Children

Intermittent Preventive
Therapy With

Sulfadoxine-Pyrimethamine
During Pregnancy Control

RR
(95% CI)

Placental Malaria
Shulman et al,21 1999 19 16/205 29/196 0.53 (0.30-0.94)
Challis et al,27 2004 21 3/124 16/120 0.18 (0.05-0.61)
Parise et al,17 1998 24 36/330 92/342 0.41 (0.28-0.58)
Njagi,24 2002

Insecticide-Treated Nets 26 28/172 35/170 0.79 (0.50-1.24)
No Insecticide-Treated Nets 26 22/148 45/134 0.44 (0.28-0.70)

Test for Heterogeneity: χ2
4 = 8.36 (P = .08); I2 = 52.1%

Test for Overall Effect: z = 4.25 (P<.001)

979 962Total 0.48 (0.35-0.68)∗

Maternal Parasitemia at Delivery
Challis et al,27 2004 21 9/144 21/147 0.44 (0.21-0.92)
Parise et al,17 1998 24 34/348 96/355 0.36 (0.25-0.52)
Njagi,24 2002

Insecticide-Treated Nets 26 26/198 40/196 0.64 (0.41-1.01)
No Insecticide-Treated Nets 26 24/183 51/175 0.45 (0.29-0.70)

Test for Heterogeneity: χ2
3 = 3.82 (P = .28); I2 = 21.6%

Test for Overall Effect: z = 7.03 (P<.001)

873 873Total 0.45 (0.36-0.56)†

Low Birth Weight (<2500 g)
Challis et al,27 2004 21 19/200 27/203 0.71 (0.41-1.24)
Parise et al,17 1998 24 27/325 52/340 0.54 (0.35-0.84)
Njagi,24 2002

Insecticide-Treated Nets 26 25/193 22/189 1.11 (0.65-1.90)
No Insecticide-Treated Nets 26 21/176 29/170 0.70 (0.42-1.18)

Test for Heterogeneity: χ2
3 = 4.12 (P = .25); I2 = 27.2%

Test for Overall Effect: z = 2.65 (P = .008)

894 902Total 0.71 (0.55-0.92)†

Maternal Anemia‡

During Third Trimester or at Delivery
Shulman et al,21 1999 19 431/567 460/565 0.93 (0.88-0.99)
Parise et al,17 1998 24 294/432 384/472 0.84 (0.77-0.90)
Njagi,24 2002

Insecticide-Treated Nets 26 78/198 72/196 1.07 (0.83-1.38)
No Insecticide-Treated Nets 26 56/183 68/175 0.79 (0.59-1.05)

Test for Heterogeneity: χ2
3 = 7.49 (P = .06); I2 = 59.9%

Test for Overall Effect: z = 2.26 (P = .02)

1380 1408Total 0.90 (0.81-0.99)∗

0.05 2.01.00.1

No. of Events/Total No.

In the study by Shulman et al,21 the number of sulfadoxine-pyrimethamine (or placebo) doses depended on gestational age at enrollment; the majority of women
(64%) received 2 doses. The size of the square data markers reflects the relative weight of each study. The diamonds represent summary effect estimates. CI indicates
confidence interval; RR, relative risk.
*Indicates random-effects model was used.
†Indicates fixed-effects model was used.
‡Hemoglobin level lower than 10 g/dL17,21 or lower than 11 g/dL.24
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of drug resistance (7 studies), also in-
dicates there is no evidence of a marked
decline in efficacy of the 2-dose regi-
men between areas with as little as 3%
treatment failure in children by day 14
to areas with 39% treatment failure. The
clear exception were HIV-infected
women during their first and second
pregnancies among whom clearance of
peripheral parasitemia with the 2-dose
regimen declined from 83% at 9.5% sul-
fadoxine-pyrimethamine resistance to
21% at 39% resistance.

Three studies assessed whether more
frequent dosing of IPT with sulfadoxine-
pyrimethamine during pregnancy could
enhance the efficacy over the standard
2-dose regimen. Among HIV-positive
women, monthly IPT with sulfadoxine-
pyrimethamine provided no additional
benefit to women with multiple previ-
ous pregnancies (1 trial; D. H. Hamer,
MD, unpublished data, 2006) but among
HIV-positive women during their first
and second pregnancies monthly IPT

with sulfadoxine-pyrimethamine was
consistently more effective than the
2-dose regimen in terms of reductions
in placental malaria, peripheral ma-
laria, and increase in mean birth weight
(all 3 trials). The considerable benefi-
cial impact on birth weight (112 g;
P=.02) is an important finding.

Although the WHO has recom-
mended more than 2 doses of IPT dur-
ing pregnancy for HIV-infected women
for some years now, few countries have
introduced this as their policy. These
recommendations were based on the re-
sults of the first study17 from western
Kenya that compared monthly IPT with
sulfadoxine-pyrimethamine during
pregnancy and 2-dose IPT with sulfa-
doxine-pyrimethamine with no IPT and
showed that monthly dosing was re-
quired in HIV-positive women to ob-
tain the same beneficial effect as 2-doses
in HIV-negative women. However,
none of the observed differences be-
tween the monthly and 2-dose regi-

men were statistically significant.17 The
second trial also failed to detect a sta-
tistically significant effect on birth
weight. 32 It has been argued that in the
absence of a benefit on birth weight and
other relevant clinical measures, the
absence of parasites in blood tests or
the placenta may simply reflect that
women in the monthly dosing group
received their last dose of sulfadoxine-
pyrimethamine much closer to deliv-
ery and does not necessarily reflect
clinical benefit to the mother or the in-
fant.38

It is also not known whether radical
clearance of parasites is required or
whether a suppressive effect (dampen-
ing existing parasitemia) from a pro-
phylactic effect may be sufficient. With
the pooled information from these 3
trials, it is now clear that monthly regi-
mens add significant benefit over the
2-dose regimen among HIV-positive
women during their first and second
pregnancies in increasing mean birth

Figure 3. Effect of 2-Dose Intermittent Preventive Therapy With Sulfadoxine-Pyrimethamine Among Women During Their First or Second
Pregnancy vs Case Management or Placebo (Control) on Mean Birth Weight and Hemoglobin Level

Mean Birth Weight
Challis et al,27 2004
Parise et al,17 1998
Njagi,24 2002

Insecticide-Treated Nets
No Insecticide-Treated Nets

Test for Heterogeneity: χ2
3 = 6.10 (P = .11); I2 = 50.8%

Test for Overall Effect: z = 2.36 (P = .02)

Total

Mean Hemoglobin During Third Trimester or at Delivery
Shulman et al,21 1999
Parise et al,17 1998
Njagi,24 2002

Insecticide-Treated Nets
No Insecticide-Treated Nets

% Sulfadoxine-
Pyrimethamine

Treatment Failure by
Day 14 In Children

21
24

26
26

19
24

26
26

Test for Heterogeneity: χ2
3 = 3.37 (P = .34); I2 = 11.0%

Test for Overall Effect: z = 5.26 (P<.001)

Intermittent Preventive Therapy
With Sulfadoxine-Pyrimethamine

During Pregnancy

Mean (SD), g

Mean (SD),
g/dL

3077 (533)
3180 (530)

2961 (477)
2991 (418)

9.7 (1.8)
10.2 (1.7)

10.8 (2.0)
11.0 (1.9)

No.

No.

200
325

193
176

894

567
365

198
183

1313

Control

Mean (SD), g

Mean (SD),
g/dL

2926 (494)
3080 (580)

2975 (446)
2908 (457)

9.3 (1.9)
9.9 (1.7)

10.6 (2.1)
10.3 (2.2)

No.

No.

203
340

189
170

902

565
394

196
175

1330Total

Weighted Mean
Difference (95% CI), g

Weighted Mean
Difference (95% CI), g/dL

151 (50.63 to 251.37)
100 (15.61 to 184.39)

–14 (–106.58 to 78.58)
83 (–9.37 to 175.37)

79.05 (13.23 to 144.77)∗

0.40 (0.19 to 0.61)
0.30 (0.06 to 0.54)

0.20 (–0.21 to 0.61)
0.70 (0.27 to 1.13)

0.38 (0.24 to 0.51)†

Favors
Control

Favors
Sulfadoxine-
Pyrimethamine

–1 0 0.5–0.5 1
Weighted Mean Difference

(95% CI), g/dL

–300 –100–200 2001000 300
Weighted Mean Difference

(95% CI), g

In the study by Shulman et al,21 the number of sulfadoxine-pyrimethamine (or placebo) doses depended on gestational age at enrollment; the majority of women
(64%) received 2 doses. The size of the square data markers reflects the relative weight of each study. The diamonds represent summary effect estimates. CI indicates
confidence interval.
*Indicates random-effects model was used.
†Indicates fixed-effects model was used.
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weight. Importantly, this effect was not
dependent on the degree of sulfadoxine-
pyrimethamine resistance and was ob-
served in all 3 studies conducted over
a range of 8% to 39% resistance.
Monthly dosing was not associated with
more frequent or more severe adverse
reactions in the limited sample. This
supports the earlier recommendation by
the WHO to use more frequent dosing
in HIV-positive women in Africa who
are not protected by cotrimoxazole pro-
phylaxis for opportunistic infections
(cotrimoxazole also has antimalarial
properties).

Among HIV-negative women, the
beneficial effect of monthly dosing is
less clear. There was no indication that
3 or more doses were superior to the
2-dose regimen among HIV-negative
women in the study in Kenya in the mid
1990s, when sulfadoxine-pyrimeth-
amine resistance was 24%. Eight years
later in Malawi, sulfadoxine-pyrimeth-
amine resistance was 39% and the di-
rection of the effects favored the
monthly regimen and the effects were
of similar magnitude as among HIV-
positive women. However, with the ex-
ception of peripheral parasitemia, none

of the differences was statistically sig-
nificant.32 Further studies will need to
clarify whether the difference be-
tween these 2 studies implies that
among HIV-negative women the addi-
tional benefits of monthly dosing only
become apparent when sulfadoxine-
pyrimethamine resistance is well es-
tablished (eg, �25% by day 14). Two
such studies comparing the 2-dose regi-
men with monthly IPT with sulfadox-
ine-pyrimethamine during pregnancy
are ongoing in Malawi and Tanzania
and the results will become available
later in 2007 and in 2008. Another ex-

Table 3. Summary Effect Measures of 3 Trials Comparing 2-Dose vs Monthly Intermittent Preventive Therapy With Sulfadoxine-
Pyrimethamine During First or Second Pregnancy*

Placental
Malaria

Maternal
Parasitemia
at Delivery

Birth
Weight, g†

Low Birth
Weight

(�2500 g)

During Third Trimester
or at Delivery

Hemoglobin
Level†

Anemia
(�11 g/dL)

HIV-Positive Women

All studies (pooled estimate)
Effect (95% CI) 0.34

(0.18 to 0.64)
0.24

(0.14 to 0.44)
112

(19 to 205)
0.77

(0.51 to 1.15)
0.09

(−0.21 to 0.38)
0.93

(0.82 to 1.05)

P value �.01 �.01 .02 .21 .57 .21

Hamer et al (unpublished)
(8% sulfadoxine-pyrimethamine resistance)

Effect (95% CI) 0.35
(0.08 to 1.66)

0.25
(0.06 to 1.15)

134
(6 to 262)

0.60
(0.30 to 1.18)

0.04
(−0.42 to 0.50)

0.79
(0.58 to 1.08)

P value .19 .07 .04 .18 0.86 .14

Parise et al,17 1998
(24% sulfadoxine-pyrimethamine resistance)

Effect (95% CI) 0.28
(0.07 to 1.17)

0.20
(0.03 to 1.53)

27
(−234 to 288)

0.84
(0.22 to 3.21)

0.20
(−0.69 to 1.09)

0.90
(0.68 to 1.19)

P value .08 .12 .84 .79 .66 .46

Filler et al,32 2006
(39% sulfadoxine-pyrimethamine resistance)

Effect (95% CI) 0.36
(0.17 to 0.79)

0.25
(0.13 to 0.49)

110
(−48 to 268)

0.92
(0.53 to 1.59)

0.10
(−0.33 to 0.53)

1.02
(0.88 to 1.17)

P value .01 �.01 .17 .76 .65 .82

HIV-Negative Women‡

All studies (pooled estimate)
Effect (95% CI) 0.73

(0.21 to 2.58)
0.61

(0.24 to 1.55)
72

(−13 to 157)
0.86

(0.50 to 1.50)
0.22

(−0.07 to 0.50)
0.99

(0.87 to 1.13)

P value .63§ .30� .10 .60 .14 .94

Parise et al,17 1998
(24% sulfadoxine-pyrimethamine resistance)

Effect (95% CI) 1.33
(0.50 to 3.52)

1.02
(0.39 to 2.69)

57
(−91 to 205)

1.16
(0.35 to 3.89)

0
(−0.55 to 0.55)

1.05
(0.83 to 1.32)

P value .56 .97 .45 .80 �.99 .70

Filler et al,32 2006
(39% sulfadoxine-pyrimethamine resistance)

Effect (95% CI) 0.37
(0.11 to 1.19)

0.39
(0.17 to 0.90)

80
(−24 to 184)

0.79
(0.42 to 1.47)

0.30
(−0.04 to 0.64)

0.97
(0.83 to 1.13)

P value .09 .03 .13 .46 .11 .70
*The effect measure is relative risk unless otherwise indicated. The effect model is fixed unless otherwise indicated. The I2 test for heterogeneity value was 0 unless otherwise indicated.
†The effect measure is weighted mean difference.
‡Hamer et al (unpublished) included HIV-positive women only.
§Because the value for the I2 test for heterogeneity was 63.7%, a random-effects model was used. A value greater than 50% reflects significant heterogeneity between studies.
�Because the value for the I2 test for heterogeneity was 53.5%, a random-effects model was used.
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planation for the observed differences
in the treatment effect between the
2-dose and monthly regimen among
HIV-negative women may be the dif-
ference in the median number of doses
received by the women in Kenya (3

doses) and Malawi (5 doses) and the
difference in the quality between the
trials. There was no evidence for a pub-
lication bias.

There are several limitations to note.
Two of the studies included in our

analysis are from western Kenya24,25 and
the Gambia30 and indicate that IPT with
sulfadoxine-pyrimethamine during
pregnancy provides less benefit to
women who are also protected by ITNs.
However, with the exception of these

Figure 4. Effect of Monthly vs 2-Dose Intermittent Preventive Therapy With Sulfadoxine-Pyrimethamine Among Women During Their First or
Second Pregnancy by HIV Status and Level of Drug Resistance on Placental Malaria

Favors
Monthly

Regimen

Favors
2-Dose
Regimen

RR (95% CI)

Placental Malaria

% Sulfadoxine-
Pyrimethamine

Treatment Failure by
Day 14 In Children

No. of Events/Total No.

Monthly Intermittent
Preventive Therapy
During Pregnancy

2-Dose Intermittent
Preventive Therapy
During Pregnancy

RR
(95% CI)

HIV-Positive Women
Hamer et al (Unpublished)
Parise et al,17 1998
Filler et al,32 2006

8
24
39

Test for Heterogeneity: χ2
2 = 0.11 (P = .95); I2 = 0%

Test for Overall Effect: z = 3.37 (P<.001)

2/92
2/28
8/102

222

7/114
10/39
20/93

246Total

0.35 (0.08-1.66)
0.28 (0.07-1.17)
0.36 (0.17-0.79)

0.34 (0.18-0.64)∗

HIV-Negative Women
Parise et al,17 1998
Filler et al,32 2006

24
39

Test for Heterogeneity: χ2
1 = 2.76 (P = .10); I2 = 63.7%

Test for Overall Effect: z = 0.49 (P = .63)

8/85
4/175

260

7/99
8/128

227Total

1.33 (0.50-3.52)
0.37 (0.11-1.19)

0.73 (0.21-2.58)†

0.05 2.01.00.1

Only data from women during their first or second pregnancy are presented from the study by Hamer et al (unpublished) to allow comparison with the other 2 studies.
The size of the square data markers reflects the relative weight of each study. The diamonds represent summary effect estimates. CI indicates confidence interval; HIV,
human immunodeficiency virus; RR, relative risk.
*Indicates fixed-effects model was used.
†Indicates random-effects model was used.

Figure 5. Effect of Monthly vs 2-Dose Intermittent Preventive Therapy With Sulfadoxine-Pyrimethamine Among Women During Their First or
Second Pregnancy by HIV Status and Level of Drug Resistance on Mean Birth Weight
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Favors
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RegimenMean Birth Weight

HIV-Positive Women
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Test for Heterogeneity: χ2
2 = 0.52 (P = .77); I2 = 0%

Test for Overall Effect: z = 2.37 (P = .02)
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8
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39

Test for Heterogeneity: χ2
1 = 0.06 (P = .80); I2 = 0%

Test for Overall Effect: z = 1.67 (P = .10)

Total

Overall

Test for Heterogeneity: χ2
4 = 0.98 (P = .91); I2 = 0%

Test for Overall Effect: z = 2.84 (P = .004)
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Preventive Therapy
During Pregnancy

No. Mean (SD), g

2-Dose Intermittent
Preventive Therapy
During Pregnancy

No. Mean (SD), g
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28
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227

2960 (484)
3204 (524)
2850 (540)
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39
90

244

2826 (473)
3177 (556)
2740 (560)

85
170

255

3296 (479)
2950 (470)

99
127
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3239 (542)
2870 (440)

483 472Total
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134 (6.02 to 261.98)
27 (–234 to 288)
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112.39 (20.10 to 204.67)
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80 (–24.15 to 184.15)
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Only data from women during their first or second pregnancy are presented from the study by Hamer et al (unpublished) to allow comparison with the other 2 studies.
The size of the square data markers reflects the relative weight of each study. The diamonds represent summary effect estimates. CI indicates confidence interval; HIV,
human immunodeficiency virus.
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2 studies, insufficient information was
available from the other studies to al-
low further stratified analysis by ITNs.
Overall, ITN use in these other stud-

ies (when known) ranged from 12% to
26%. Thus, our analysis is valid for areas
with low ITN coverage among preg-
nant women, which, with the excep-

tion of a handful of countries, is rep-
resentative of the current coverage in
this risk group in sub-Saharan Africa,
where the coverage between 2001 and
2005 was estimated to be 17.4% for any
nets and 3% for ITNs.39 The coverage
is likely to increase over the next 5 years
as a result of several large-scale malaria-
control initiatives40-42 and further stud-
ies need to establish whether this could
mitigate some of the effects of increas-
ing sulfadoxine-pyrimethamine resis-
tance on the efficacy of IPT with sul-
fadoxine-pyrimethamine during
pregnancy or may reduce the need for
frequent dosing in HIV-infected
women.

We relied on retrospective match-
ing of the IPT during pregnancy trials
against sulfadoxine-pyrimethamine
treatment studies in children with acute
falciparum malaria to define the de-
gree of resistance. Drug resistance may
be focal and may vary between differ-
ent parts of a single country and this
may have affected the accuracy of the
resistance estimates. Although few of
the IPT with sulfadoxine-pyrimeth-
amine during pregnancy studies re-
ported the degree of drug resistance in
the area at the time of the study, good

Table 4. Summary of Adverse Outcomes Comparing Intermittent Preventive Therapy With 2 Doses of Sulfadoxine-Pyrimethamine With
Placebo, Case Management, Chloroquine Prophylaxis, or Monthly Sulfadoxine-Pyrimethamine*

Neonatal Icterus, %
Any Maternal

Adverse Drug Reaction, %
Estimated

No. of
Sulfadoxine-

Pyrimethamine
Doses Given†

No. of
Women

Severe Skin
Reactions to
Sulfadoxine-

Pyrimethamine
Sulfadoxine-

Pyrimethamine Control
Sulfadoxine-

Pyrimethamine Control

Schultz et al15‡ Not reported Not reported 192 121 None detected

Kayentao et al29 0.6 1.8 2.8 4.4 738 369 None detected

Challis et al27 3.1§ 7.2§ 0.5 1.3 288 144 None detected

Parise et al17 15 17 2.3 3.3 2276 1086 None detected �

Njagi24 Not reported Not reported Not reported Not reported 762 381 Not reported

Shulman et al21 0.2¶ 0.7¶ 0.7 0.5 1153 567 None detected

Mbaye et al30 Not reported Not reported Not reported Not reported 3149 1179 Not reported

Filler et al32# 1734 641 None detected

Hamer et al (unpublished)** 0.5 0 1087 423 1 After first dose††
*Meta-analysis to provide pooled estimates could not be conducted because of the lack of sufficient details for neonatal icterus or maternal adverse drug reactions.
†Total estimated doses of sulfadoxine-pyrimethamine in the study, not just doses of sulfadoxine-pyrimethamine in the intermittent preventive therapy with sulfadoxine-

pyrimethamine group.
‡Total percentage for neonatal icterus is 2.8. Values were not reported by group in this study.
§Neonatal adverse event defined as the need for neonatal unit care.
�The drug was withheld from 7 women after minor adverse effects (rash, oral lesions) after the first dose. There were no significant differences in the proportion of women reporting

adverse drug reactions in the treatment groups by human immunodeficiency virus status.17

¶Neonatal deaths caused by icterus.
#Total percentage for neonatal icterus is 0.4. Total percentage for any maternal adverse drug reaction is less than 1. Values were not reported by group in this study.
**The relative risk for any maternal adverse drug reaction is 1.10 (95% confidence interval, 0.56-2.18). Values were not reported by group in this study.
††One woman with the human immunodeficiency virus died of Stevens Johnson syndrome. The symptoms started 3 weeks after her first sulfadoxine-pyrimethamine dose (D. H.

Hamer, MD, unpublished data, 2006).

Figure 6. Relationship Between the Sulfadoxine-Pyrimethamine Treatment Response in
Symptomatic Children at Day 14 and the Reduction in the Proportion of Women With
Peripheral Parasitemia at Delivery vs Enrollment Among Women During Their First or Second
Pregnancy
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PREVENTIVE THERAPY FOR MALARIA CONTROL DURING PREGNANCY

2614 JAMA, June 20, 2007—Vol 297, No. 23 (Reprinted) ©2007 American Medical Association. All rights reserved.



quality matching, defined as overlap-
ping study periods and overlapping site
or location within 100 miles, was pos-
sible for all the 7 key studies that pro-
vide the core of our analysis (Figure 3,
Figure 4, and Table 3). For the 2 stud-
ies that did not overlap in time, the time
window between matched studies was
a maximum of 2 years. While drug re-
sistance may have changed during this
time window, we have no reason to be-
lieve that this has biased the analyses
because 2 matching treatment studies
(1 before and 1 after) could be identi-
fied for each and the midpoint was used.

The analysis of proportional reduc-
tion of maternal peripheral parasit-
emia allowed assessment over a wider
resistance range. The clinical implica-
tions of clearing peripheral parasit-
emia however are unclear and is at best
a proxy for placental infection and pos-
sibly low birth weight. Nevertheless, the
observed relationship with sulfadoxine-
pyrimethamine resistance using this
type of analysis provides further sup-
port for our conclusion that 2-dose IPT
with sulfadoxine-pyrimethamine dur-
ing pregnancy maintains its efficacy and
that the potential added benefit of
monthly dosing in HIV-infected
women.

Despite these caveats, this compila-
tion currently provides the informa-
tion needed by policy makers to define
the role of sulfadoxine-pyrimethamine
as IPT during pregnancy in the face of
increasing drug resistance. The results
have been used by the African Regional
Office of the WHO to issue a statement
on the continued use of sulfadoxine-
pyrimethamine for IPT during preg-
nancy.43 However, with the emerging
spread of high-grade resistance to sul-
fadoxine-pyrimethamine,44-47 high pri-
ority must be given to determining safe
and affordable alternatives. A series of
multicenter trials are planned7 but it will
take several years for the results to be-
come available. In the mean time, in-
creasing the frequency of IPT with sul-
fadoxine-pyrimethamine during
pregnancy to 3 or more doses, particu-
larly in areas with a high HIV preva-
lence, may provide temporary respite.

The WHO recommends a schedule of 4
antenatal care visits, with 3 visits after
quickening. The delivery of IPT with
each scheduled visit after quickening
may help ensure that a high proportion
of women receive at least 2 doses. Data
from 2 other ongoing trials of monthly
dosing may shed further light in 2008
on the optimal frequency of IPT dosing
in HIV-negative women protected by
ITNs in the context of sulfadoxine-
pyrimethamine resistance. The data from
the 2 trials that stratified the results by
bed nets also strongly support the use
of ITNs, which is particularly impor-
tant in the face of increasing sulfadoxine-
pyrimethamine resistance.

Reserving the use of sulfadoxine-
pyrimethamine for IPT during preg-
nancy and for infants may reduce drug
pressure and may prolong longevity of
this valuable drug. Almost all coun-
tries in Africa are taking this course and
have either implemented or are in the
process of implementing the use of com-
bination therapy for first-line treat-
ment in the population, mostly with
artemisinin-based combinations. This
will also limit the options to monitor
the degree of sulfadoxine-pyrimeth-
amine resistance in treatment studies
in children in vivo, and future studies
that aim to determine the effect of sul-
fadoxine-pyrimethamine resistance on
the efficacy of IPT with sulfadoxine-
pyrimethamine during pregnancy may
need to rely on molecular markers.
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