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Plasmodium falciparum infection during pregnancy is strongly associated withAbstract
maternal anaemia and low birth weight, contributing to substantial morbidity and
mortality in sub-Saharan Africa. Intermittent preventive treatment in pregnancy
with sulfadoxine/pyrimethamine (IPTp-SP) has been one of the most effective
approaches to reduce the burden of malaria during pregnancy in Africa. IPTp-SP
is based on administering ≥2 treatment doses of sulfadoxine/pyrimethamine to
pregnant women at predefined intervals after quickening (around 18–20 weeks).
Randomised, controlled trials have demonstrated decreased rates of maternal
anaemia and low birth weight with this approach. The WHO currently recom-
mends IPTp-SP in malaria-endemic areas of sub-Saharan Africa. However, imple-
mentation has been suboptimal in part because of concerns of potential drug
toxicities. This review evaluates the toxicity data of sulfadoxine/pyrimethamine,
including severe cutaneous adverse reactions, teratogenicity and alterations in
bilirubin metabolism. Weekly sulfadoxine/pyrimethamine prophylaxis is associ-
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ated with rare but potentially fatal cutaneous reactions. Fortunately, sulfadoxine/
pyrimethamine use in IPTp programmes in Africa, with 2–4 treatment doses over
6 months, has been well tolerated in multiple IPTp trials. However, sulfadoxine/
pyrimethamine should not be administered concurrently with cotrimoxazole given
their redundant mechanisms of action and synergistic worsening of adverse drug
reactions. Therefore, HIV-infected pregnant women in malaria endemic areas
who are already receiving cotrimoxazole prophylaxis should not also receive
IPTp-SP. Although folate antagonist use in the first trimester is associated with
neural tube defects, large case-control studies have demonstrated that sulfadoxine/
pyrimethamine administered as IPTp (exclusively in the second and third trimes-
ters and after organogenesis) does not result in an increased risk of teratogenesis.
Folic acid supplementation is recommended for all pregnant women to reduce the
rate of congenital anomalies but high doses of folic acid (5 mg/day) may interfere
with the antimalarial efficacy of sulfadoxine/pyrimethamine. However, the rec-
ommended standard dose of folic acid supplementation (0.4 mg/day) does not
affect antimalarial efficacy and may provide the optimal balance to prevent neural
tube defects and maintain the effectiveness of IPTp-SP. No clinical association
between sulfadoxine/pyrimethamine use and kernicterus has been reported
despite the extensive use of sulfadoxine/pyrimethamine and related compounds to
treat maternal malaria and congenital toxoplasmosis in near-term pregnant women
and newborns. Although few drugs in pregnancy can be considered completely
safe, sulfadoxine/pyrimethamine – when delivered as IPTp – has a favourable
safety profile. Improved pharmacovigilance programmes throughout Africa are
now needed to confirm its safety as access to IPTp-SP increases. Given the
documented benefits of IPTp-SP in malaria endemic areas of Africa, access to this
treatment for pregnant women should continue to expand.

Plasmodium falciparum malaria remains an complications from placental malaria infection re-
enormous global health problem that disproportion- sult in an estimated 10 000 maternal[8] and
ately affects young children and pregnant women, 100 000–250 000 fetal deaths per year.[1,7,9]

particularly in sub-Saharan Africa. There are an Unfortunately there are few safe and effective
estimated 30 million pregnancies per year in mala- therapeutic or prophylactic options available to
ria-endemic areas.[1] pregnant women to combat this important cause of

morbidity and mortality. Historically, weeklyAlthough adults in malaria-endemic areas often
chloroquine prophylaxis was recommended in en-develop immunity to clinical disease, with pregnan-
demic areas and had a good safety profile.[10] How-cy a new set of antigen targets, in particular chon-
ever, widespread resistance has made chloroquinedroitin sulfate A and hyaluronic acid,[2] become
ineffective for the treatment of P. falciparum. Aexposed, which P. falciparum exploits to sequester
recent cross-sectional study in Africa confirmed ain the placenta. Malarial parasites sequester in the
lack of effectiveness of chloroquine chemoprophy-vascular space of the placenta resulting in maternal
laxis in pregnancy.[11]anaemia[3,4] and low birth weight due to both prema-

turity and intrauterine growth retardation.[5,6] In sub- The WHO now recommends intermittent preven-
Saharan Africa, malarial infection is estimated to tive treatment in pregnancy with sulfadoxine/
cause 2–15% of cases of severe maternal anaemia pyrimethamine (IPTp-SP) in addition to insecticide-
and 8–14% of low birth weight deliveries.[7] These treated nets and effective case management of

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (6)
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symptomatic malaria to reduce the burden of mala- may be superior to standard 2-dose IPTp-SP in this
setting.[22]ria in pregnancy.[12] IPTp-SP is based on the admin-

IPTp-SP is now part of the national malaria con-istration of ≥2 full therapeutic doses of sulfadoxine/
trol strategy of 31 African counties;[25] however,pyrimethamine to pregnant women at predefined
implementation in many of these countries remainsintervals after quickening (the first noted fetal
low.[26] Unfortunately, despite evidence of safety inmovements that typically occur at 18–20 weeks)
clinical trials and a lack of safety problems withlinked to routinely scheduled antenatal clinic visits
programmatic implementation,[27] lingering con-(figure 1).[13] IPTp-SP likely works by intermittently
cerns regarding the safety of sulfadoxine/clearing existing asymptomatic parasitaemia (the
pyrimethamine in pregnancy have contributed totreatment effect) and by preventing new infections
slow the scale-up of IPTp-SP in many coun-

since sulfadoxine/pyrimethamine has a long half-
tries.[28-31] In this manuscript, we review the safety

life (the prophylactic effect).[13] IPTp-SP studies and toxicity of sulfadoxine and pyrimethamine in
from Malawi, Kenya, Mozambique, Mali and pregnancy in relation to their use in IPTp-SP in
Burkina Faso have demonstrated that ≥2 doses of Africa.
sulfadoxine/pyrimethamine are effective at reducing
maternal anaemia,[14-16] placental malaria[14,17-23] and 1. Literature Search Methodology
low birth weight,[14,20,21,23,24] as summarised in table

We conducted a literature search using MED-I. In randomised, controlled trials, this strategy has
LINE and EMBASE between 1966 and July 2006,been shown to be safe for the mother and fetus as
cross-referencing the following terms: (i) ‘sulfadox-well as superior to weekly chloroquine prophylax-
ine’, ‘pyrimethamine’, ‘SP’ or ‘Fansidar’; (ii) ‘sul-is[14,18] and case management based on treating
fonamides’, ‘sulfa drugs’, ‘trimethoprim’,symptomatic maternal malaria.[17] IPTp-SP has re-
‘sulfamethoxazole’, ‘TMP’, ‘SMX’, ‘cotrimox-mained effective at preventing malarial complica-
azole’, ‘Bactrim’ or ‘sulfadiazine’; (iii) ‘malaria’ ortions in semi-immune pregnant women even in areas
‘P. falciparum’; (iv) ‘pregnancy’ or ‘pregnant’; (v)with high rates of sulfadoxine/pyrimethamine resis-
‘IPT’, ‘IPTp’, ‘IPTp-SP’ or ‘intermittent preventivetance, although a monthly administration regimen
treatment’; (vi) ‘drug toxicity’, ‘drug hypersensitivi-
ty’, ‘drug eruptions’, ‘adverse drug reactions’, ‘side
effects’, ‘rash’, ‘severe cutaneous adverse reac-
tions’, ‘SCARs’, ‘kernicterus’ or ‘bilirubin’; (vii)
‘neural tube defects’, ‘teratogenesis’, ‘congenital
anomalies’ or ‘birth defects’; (viii) ‘folate’ or ‘folic
acid’; (ix) ‘HIV’ or ‘HIV-1’; (x) ‘breastfeeding’,
‘lactation’ or ‘lactating’; and (xi) ‘toxoplasmosis’.
We also reviewed references to identify additional
published literature, including some articles that
predated the earliest available on MEDLINE. Our
literature search was not restricted to English lan-
guage articles.

We reviewed all literature that provided informa-
tion on the safety and toxicity of sulfadoxine/
pyrimethamine in pregnancy. We preferentially con-
sidered studies involving the use of sulfadoxine/
pyrimethamine in pregnant women in Africa; how-
ever, these data were limited. Therefore, we also

Standard administration: 

Monthly administration: 
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Birth
(40)

Fig. 1. Examples of administration schedules for sulfadoxine/
pyrimethamine-intermittent preventive treatment in pregnancy. 1 In
standard administration regimens, the third dose is optional but
recommended for HIV-infected women and in areas with an HIV
prevalence among pregnant women of >10%.
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included studies involving non-pregnant individuals sulfadoxine/pyrimethamine for pregnant women re-
in Africa and pregnant women outside of Africa. ceiving IPTp is three tablets or 1500mg of sulfadox-
Additionally, we incorporated studies involving ine and 75mg of pyrimethamine. At this treatment
compounds related to sulfadoxine/pyrimethamine, dosage, a 50kg pregnant woman would receive
such as cotrimoxazole (trimethoprim/sulfamethox- 30mg/1.5mg of sulfadoxine/pyrimethamine per kil-
azole). ogram of bodyweight. However, weight-based ad-

ministration of sulfadoxine/pyrimethamine in chil-
dren results in substantial inter-individual variation2. Clinical Pharmacology
in drug concentrations.[45] In addition, concentra-

Sulfadoxine and pyrimethamine competitively tions of sulfadoxine/pyrimethamine are lower than
inhibit the enzymes dihydropteroate synthase predicted in individuals infected with malaria com-
(DHPS) and dihydrofolate reductase (DHFR), re- pared with healthy controls.[46,47] Maternal
spectively.[32] These enzymes catalyse important se- pharmacokinetics have not been rigorously evalu-
quential steps in the generation of folate derivatives. ated but a case series of ten women who were treated
Rapidly dividing cells, such as malarial parasites for congenital toxoplasmosis during their pregnancy
(also cancer cells and bacteria), depend on folate revealed similar drug concentrations as have been
derivatives as cofactors for the synthesis of nucleo- observed in non-pregnant individuals.[48] As access
tides and amino acids by facilitating the transfer of to IPTp-SP continues to expand in Africa, a key
single carbon units.[33,34] Pyrimethamine is research topic will be defining the pharmacokinetics
1000-fold more active against plasmodial DHFR of sulfadoxine/pyrimethamine in pregnant African
than against the mammalian enzyme.[35] Plasmodial women.
DHFR, unlike the mammalian enzyme, does not up- Both sulfadoxine and pyrimethamine are widely
regulate in the face of inhibition, which may explain distributed in body tissue. They readily cross the
this selective activity.[36] The combination of DHPS placenta[48,49] and are excreted into breast milk.[43]

and DHFR inhibition also appears synergistic.[37,38]
Fetal plasma concentrations of sulfadoxine and

In both animal and human plasmodium infections, pyrimethamine average 97% (range 65–116%) and
pyrimethamine and sulfadoxine administered to- 66% (range 43–103%) of maternal concentrations,
gether are curative at one-eighth the dose of either respectively.[48] About 5% of sulfadoxine is acety-
used alone.[39,40] In 1971, these observations led to lated in the plasma;[42] the remaining unacetylated
the co-formulation of a fixed combination of drug is excreted primarily unchanged by the kid-
sulfadoxine with pyrimethamine under the proprie- neys.[50] Pyrimethamine is metabolised to several
tary name Fansidar® 1. uncharacterised by-products in the liver; excretion

Both sulfadoxine and pyrimethamine are well primarily occurs by the kidneys.[50] Renal insuffi-
absorbed orally and reach peak plasma concentra- ciency delays clearance of both drugs.[50]

tions in about 4 hours (range 2–6 hours).[41]

Sulfadoxine and pyrimethamine are also highly pro- 3. Drug Resistance
tein bound (>90% and 87%, respectively) resulting
in prolonged clearance with mean elimination half- P. falciparum resistance mutations to sulfadox-
lives of 169 hours (range 100–230 hours) and 111 ine/pyrimethamine emerged soon after its wide-
hours (range 54–148 hours), respectively.[41-44] Peak spread introduction in Africa.[51] Decreased malarial
plasma concentrations after a single oral dose of susceptibility to sulfadoxine/pyrimethamine can de-
500mg of sulfadoxine and 25mg of pyrimethamine crease the ability of IPTp-SP to clear existing
are approximately 50–75 µg/mL and 0.13–0.4 µg/ asymptomatic parasitaemia (the treatment effect)
mL, respectively.[41-43] The recommended dose of and reduce its duration of malarial prophylaxis (the

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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prophylactic effect) by raising the minimum inhibi- in pregnancy. As many African countries change
first-line therapy for uncomplicated symptomatictory concentration.[52] Sulfadoxine/pyrimethamine
malaria from sulfadoxine/pyrimethamine to artemis-resistance results from the sequential acquisition of
inin-based combination therapies there is hope thatmutations in DHFR and to a lesser degree in DHPS
this change may reduce the drug pressure onwith each mutation conferring an additive reduction
sulfadoxine/pyrimethamine and preserve its role inin drug susceptibility.[53] The quadruple DHFR mu-
IPTp.tant genotype containing I164L confers almost com-

plete sulfadoxine/pyrimethamine resistance.[54] Al-
4. Severe Adverse Drug Reactionsthough a triple DHFR mutant genotype (lacking

I164L) is frequently encountered in Africa, for un-
Doses of sulfadoxine/pyrimethamine used inknown reasons the quadruple mutant remains un-

IPTp regimes are well tolerated. The rates of com-common.[55,56]

mon minor adverse reactions such as rash, vomiting,
The combination of the drug susceptibility of P. diarrhoea, headache and fatigue are generally low

falciparum and the degree of an individual’s immu- and similar to rates observed with placebo.[60] High
nity to malaria determine the clinical efficacy of the doses or prolonged therapy with sulfadoxine/
drug. One WHO recommended method to measure pyrimethamine can produce megaloblastic anaemia
the clinical efficacy of a drug is the 14-day (or or general haematological suppression[61-63] by
28-day) parasitological outcome.[57] Parasitological antagonising folate; this complication is usually re-
failure is defined by the presence of malarial versible with folinic acid.[62]

parasitaemia by microscopy 14 days after treatment When used for IPTp or malaria treatment in
and it is often measured in children. Fortunately glucose-6-phosphate dehydrogenase-deficient pa-
pregnant women in highly malaria endemic coun- tients, sulfadoxine/pyrimethamine has not been
tries have partial malaria immunity and therefore shown to cause haemolysis.[27,64] A survey of the
have improved clinical responses to sulfadoxine/ national registers in Sweden and the UK for adverse
pyrimethamine compared with non-immune chil- reactions to sulfa medications from 1968 to 1988
dren.[58]

identified 78 serious adverse reactions per 100 000
Only one study has evaluated the effectiveness of users of Fansidar®.[65] In this survey, Fansidar® was

IPTp-SP in a setting of diminished sulfadoxine/ most commonly used as weekly malaria prophylaxis
pyrimethamine clinical effectiveness in children in international travellers for a mean duration of 8
(40% parasitological failure rate at day 14 after weeks. The most common serious reactions (as a
treatment).[59] There was no control group but the percentage of total serious reactions) were liver tox-
level of placental malaria was very low (6%) in the icity (25%), cutaneous reactions (21%), fever
2-dose IPTp-SP group suggesting a beneficial ef- (17%), respiratory problems (14%), white blood cell
fect.[22] Although this study is encouraging, there dyscrasias (6%) and anaemia (3%).
was a trend toward improved outcomes with month- As with other sulfa-based drugs, the most feared
ly administration compared with standard 2-dose complication of sulfadoxine/pyrimethamine therapy
IPTp-SP[22] that did not reach statistical significance is a hypersensitivity reaction, which can result in a
but suggests a reduced duration of malarial prophy- severe cutaneous adverse reaction (SCAR).[66-68]

laxis. IPTp-SP has also not been evaluated in set- Other severe adverse drug reactions (ADRs), includ-
tings with a >50% parasitological failure rate among ing cholestatic hepatoxicity,[69-71] fulminant hepatic
children or in settings with a high frequency of necrosis[72] and hypersensitivity pneumonitis,[73,74]

I164L mutants. Therefore, it will be important to have been reported in non-pregnant adults in the
continue to monitor the effectiveness of IPTp-SP as literature but are extremely rare. Indeed, in the sur-
well as develop mechanisms to rapidly test the safe- vey from Sweden and the UK, there were six report-
ty and efficacy of promising new antimalarial agents ed deaths due to Fansidar® and all were attributed to
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SCARs.[65] Since SCARs are also the most impor- are presented first; followed by sulfadoxine/
pyrimethamine data.tant complication in the context of IPTp-SP, we

concentrate on the frequency of SCARs with
4.1 Severe Cutaneous Adversesulfadoxine/pyrimethamine.
Reactions (SCARs)SCARs associated with sulfadoxine/

pyrimethamine have been evaluated with several
Routine use of Fansidar® as an antimalarial pro-

different study designs. The majority of data are phylactic agent is no longer recommended in the US
based on large surveillance and case-control studies because of severe and even fatal cutaneous adverse
of travellers from high-income countries who had reactions including erythema multiforme, Stevens-
taken sulfadoxine/pyrimethamine as weekly malaria Johnson syndrome (SJS) and toxic epidermal
prophylaxis.[65,66,75-77] Passive surveillance and case- necrolysis.[66] The exact incidence of SCARs with
control studies are well suited to detect rare out- Fansidar® has been the subject of debate. Previous
comes, such as SCARs, but have limitations. Pas- evaluations by the US Centers for Disease Control
sive surveillance (relying on unsolicited reporting of and Prevention (CDC) determined a rate of one
SCARs to a central agency) can result in low sensi- SCAR per 5000–8000 US travellers taking Fan-
tivity due to under-reporting. Conversely, case-con- sidar® as weekly prophylaxis with one fatality per
trol studies can overestimate the association of a rare 11 000–25 000.[66] Similar frequencies of SCARs
event to a drug exposure because of recall bias. and fatalities have been reported in Swedish and
Clinical trials and prospective observational cohorts British travellers using Fansidar® for malaria pro-
provide the majority of data regarding SCARs in phylaxis.[75,76] During a cholera epidemic in
pregnant women in Africa receiving IPTp- Mozambique, mass chemoprophylaxis of almost
SP.[14,15,17,19,22,24] These studies are sensitive but lim- 150 000 people with 2g of sulfadoxine resulted in 22
ited by small sample sizes that are underpowered to cases of typical SJS (one per 6773 doses) and three
detect rare complications. Pharmacovigilance is the deaths (one per 50 000 doses).[80] However, a study
science and practice of ADR detection, assessment in Switzerland reported only one SCAR per 150 000
and prevention.[78] Active pharmacovigilance sur- travellers with no fatal reactions.[77]

veillance (employing direct solicitation of SCARs The significance of these discrepancies remains
from antenatal clinics and hospitals) provides a cost unknown. Some have speculated that genetic differ-
effective and sensitive method to detect SCARs in ences in sulfonamide acetylation rates might con-
women receiving IPTp-SP but has been rarely tribute to the susceptibility to SCARs but this theory
utilised.[27,79]

has not been tested with sulfadoxine, a sulfonamide
We preferentially considered studies that evalu- that is not extensively acetylated.[81] Medication

ated for SCARs in pregnant women in Africa receiv- dosage and frequency could also contribute to the
ing IPTp-SP; however, these data were limited. rate of SCARs. The recommended dosage of
Therefore, we also included studies involving non- sulfadoxine/pyrimethamine for IPTp is three times
pregnant people. In the section regarding HIV-in- the dose used for malarial prophylaxis (1500mg/

75mg vs 500mg/25mg) but is taken less frequentlyfected pregnant women, we also incorporated stud-
(2–4 times over 5 months rather than weekly).ies involving cotrimoxazole. Cotrimoxazole is

closely related to sulfadoxine/pyrimethamine and In trials of IPTp-SP in pregnant women, rates of
has been used extensively in HIV-infected people. ADRs with sulfadoxine/pyrimethamine have been
In each section we present studies involving non- lower than rates observed with chloroquine[14] and
pregnant people first; followed by studies that par- similar to rates observed with placebo.[19] Several
ticularly evaluate for SCARs in pregnant women in clinical trials have attempted to define the risk of
Africa receiving IPTp-SP. In the section regarding SCARs with IPTp-SP. There have been no episodes
HIV-infected pregnant women, cotrimoxazole data of SCARs or other serious adverse reactions report-
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ed from these African trials (table I) involving ment[84,88] and administration of sulfadoxine/
>3000 pregnant women given IPTp- pyrimethamine (≥3 doses or monthly administration
SP.[14,15,17,19,22,24] during pregnancy) is required to effectively reduce

Two active pharmacovigilance surveillance sys- placental malaria in this population.[17,22]

tems have been deployed in Africa to estimate the In addition to being more vulnerable to malarial
frequency of SCARs with sulfadoxine/ infection, HIV-infected pregnant women are at
pyrimethamine. One large surveillance system for greater risk for sulfa-mediated adverse reactions (in-
sulfonamide-associated SCARs was deployed at all cluding SCARs).[89] This increased risk may be due
government hospitals and clinics in Blantyre dis-

to an impaired capacity to acetylate sulfon-
trict, Malawi. Crude rates of SCARs were estimated

amides[90,91] and to scavenge their reactive metabo-
to be 1.2 per 100 000 exposures to sulfadoxine/

lites,[92] combined with cellular immune dysregula-pyrimethamine and 1.5 per 100 000 exposures to
tion.[93] Therefore, HIV-infected pregnant womencotrimoxazole.[79] Although this study did not focus
have not only an urgent need to prevent malarialon pregnant women, only one pregnant woman de-
complications in pregnancy but also an increasedveloped a SCAR in >18 months of surveillance
susceptibility to the adverse effects of treatment.despite >30 000 deliveries[79] and with 96% of preg-

Cotrimoxazole also inhibits plasmodial DHPS/nant women receiving at least one dose of sulfadox-
ine/pyrimethamine during their pregnancy.[82] DHFR and cotrimoxazole prophylaxis has been

demonstrated to reduce mortality in HIV-infectedThe Ghana National Centre for Pharmacovigi-
adults[94,95] and children[96] in Africa. Cotrimoxazolelance has also monitored for SCARs associated with

sulfadoxine/pyrimethamine by integrating adverse prophylaxis of HIV-infected pregnant women with
event reporting into its national IPTp-SP pro- CD4 cell counts <200/mm3 reduced rates of prema-
gramme and by actively soliciting reports.[27] Over turity and neonatal mortality in Zambia.[97] Given
55 000 women received IPTp-SP during 2 years of this mortality benefit, the WHO recommends that
surveillance and there were only 100 total adverse HIV-infected women who meet criteria (CD4 cell
events of any kind.[27] Although this information is count <350/mm3 or WHO stages 3 or 4 disease)
reassuring, there is clearly a need for more data on should receive cotrimoxazole prophylaxis through-
the rates of SCARs in pregnant women in Africa out their pregnancy.[98,99] Although no clinical trials
who receive IPTp-SP. Given the rarity of SCARs, it have evaluated the effectiveness of cotrimoxazole
is essential to strengthen country-wide prophylaxis at preventing the complications of ma-
pharmacovigilance programmes to accurately track laria in pregnancy, several clinical trials of co-
these and other adverse reactions. trimoxazole prophylaxis in HIV-infected adults and

children in Africa have demonstrated its effective-
4.2 SCARs and HIV Infection ness at preventing malarial infection.[95,100,101] Co-

trimoxazole prophylaxis even reduces the incidenceIn sub-Saharan Africa there are an estimated 13.5
of malaria among HIV-negative people living in themillion HIV-infected women of reproductive age.[83]

same house with a person taking prophylaxis.[102]
HIV-infected pregnant women have consistently

Therefore, cotrimoxazole prophylaxis is an option tobeen shown to have higher rates of placental mala-
prevent the complications of malaria in pregnancyria, peripheral parasitaemia, and adverse birth out-
for HIV-infected women who meet the WHO crite-comes than HIV-negative pregnant women of the
ria. HIV-infected pregnant woman on cotrimoxazolesame gravidity.[84] The mechanisms of this increased
prophylaxis should not also receive IPTp-SP givensusceptibility to malaria involve dysfunction of both
their redundant mechanisms of action and synergis-the cellular[85,86] and humoral immune responses to
tic worsening of ADRs.[79,98,103] However HIV-in-P. falciparum.[87] HIV-infected pregnant women al-
fected pregnant women who do not meet criteria forso have a diminished response to antimalarial treat-
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Table II. Summary of adverse events in cotrimoxazole (trimethoprim/sulfamethoxazole) prophylaxis studies in Africa

Country, year Study design HIV-infected participants Cutaneous adverse event Cutaneous adverse event
on cotrimoxazole (n) with cotrimoxazole [n (%)] with placebo [n (%)]

Côte d’Ivoire, 1996–8[100] RCT 271 adults 2/271 (0.7) 0/270 (0.0)

Côte d’Ivoire, 1995–8[94] RCT 372 adults 4/372 (1.1) 2/371 (0.5)

Senegal, 1996–8[104] RCT 51 adults 1/51 (2.0) 1/49 (2.0)

Zambia, 2001–3[96] RCT 265 children aged 1–14y 0/265 (0.0) 1/269 (0.4)

Uganda, 2001–2[105] Cohort 811 adults 17/811 (2.1) NA

Uganda, 2001–3[95] Cohort 423 adults and children 9/423 (2.1) NA

Malawi, 1999–2000[106] Cohort 693 adults 14/693 (2.0) NA

South Africa, 2001–2[107] Cohort 115 adults 1/115 (0.9) NA
NA = not applicable; RCT = randomised controlled trial.

cotrimoxazole prophylaxis should continue to re- fected individuals (the majority being male) in two
ceive IPTp-SP. case reports from the US[108,109] and two case series

from Europe.[110,111] In Africa a large surveillanceSeveral African clinical trials of cotrimoxazole
study conducted in Malawi documented rates ofprophylaxis have monitored HIV-infected individu-
SCARs in HIV-infected adults at 4.9 cases perals for ADRs, but none have included pregnant
100 000 exposures to sulfadoxine/women. In a randomised, placebo-controlled,
pyrimethamine.[79] Although this rate was higherclinical trial of cotrimoxazole prophylaxis in 771
than the rates observed in HIV-negative adults,HIV-infected adults in Côte d’Ivoire recruited from
overall infrequent treatment doses with sulfadoxine/a tuberculosis clinic, there was no difference in the
pyrimethamine were associated with a low risk ofrate of ADRs between the cotrimoxazole and place-

bo groups over 10 months of follow-up and no SCARs.[79]

patients had to discontinue the study drug because of Several smaller clinical trials have also systemat-
rash.[94] These findings have been confirmed in three

ically monitored for adverse reactions to sulfadox-
other randomised, controlled trials of cotrimoxazole

ine/pyrimethamine in HIV-infected women during
prophylaxis (two in adults and one in children) as

pregnancy. In a clinical trial from Zambia of stan-noted in table II.[96,100,104] Several prospective co-
dard IPTp-SP compared with monthly IPTp-SP andhorts following HIV-infected adults and children
involving 456 pregnant HIV-infected women, therereceiving cotrimoxazole prophylaxis have also
was one fatal cutaneous adverse reaction.[112] Indemonstrated low rates of adverse cutaneous reac-
another trial involving 94 HIV-infected pregnanttions (table II).[105-107] In one prospective cohort in
women treated with sulfadoxine/pyrimethamine inrural Uganda of 423 HIV-infected adults and chil-
western Kenya, three women experienced ADRs butdren receiving cotrimoxazole prophylaxis, only nine
none were SCARs.[17] In a Malawian trial that in-patients developed any ADR and three had
cluded 266 HIV-positive pregnant women, <1% ofmucocutaneous involvement during almost 18

months of follow-up.[95] In summary, clinical trials participants reported any ADR including rash, nau-
of cotrimoxazole involving >3000 non-pregnant sea, vomiting or fever; no SCARs were noted and
HIV-infected Africans have demonstrated low rates none of these women had to discontinue the study
of ADRs. Although these data are encouraging, they medication.[22] Overall, the ADR rate was similar in
highlight the paucity of information on the rates of HIV-infected and HIV-negative women even
SCARs in HIV-infected pregnant women receiving though all HIV-infected women also received sin-
cotrimoxazole. gle-dose nevirapine (for prevention of mother-to-

child HIV transmission), which can also cause rashSCARs have been reported with weekly
sulfadoxine/pyrimethamine prophylaxis in HIV-in- and hepatotoxicity.[22]
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In summary, SCARs secondary to sulfadoxine/ hydroureter[119] and hydronephrosis.[119] Interesting-
pyrimethamine and cotrimoxazole may occur more ly, rabbits appear to be resistant to sulfonamide
frequently in HIV-infected pregnant women than teratogenicity.[121]

HIV-negative pregnant women but overall remain a Pyrimethamine teratogenicity varies by species
relatively rare occurrence. As HIV-infected preg- with rats being more susceptible than others. Low-
nant women have more complications from untreat- dose sulfadoxine/pyrimethamine induces folic acid
ed malarial infections, this population should re- deficiency in rats, which is unusual in humans.[122]

ceive ≥3 doses of IPTp-SP unless there is a known In rats pyrimethamine causes predictable dose-de-
contraindication to these drugs or they are already pendent teratogenicity.[123] Although an oral dose of
receiving daily cotrimoxazole prophylaxis. The pau- 5 mg/kg given to pregnant Wistar rats has no appar-
city of population-based data highlights the urgent ent embryotoxicity, an oral dose of 20 mg/kg causes
need to expand pharmacovigilance surveillance a 75% rate of fetal resorption if given at gestational
programmes for SCARs in these women. day 10 (typical gestation is 22 days in the Wistar rat)

and a 70% rate of fetal anomalies if given at day5. Fetal Outcomes
13.[124] For comparison, a 50kg pregnant woman
receiving IPTp-SP would receive 1.5 mg/kg ofFolic acid supplementation during pregnancy
pyrimethamine. Fetal anomalies seen in the Wistarreduces the risk of neural tube defects especially in
rat include brachygnathia, cleft palate and limb de-women with low baseline serum folate levels.[113,114]

fects. In contrast, administration of betweenGiven the intrinsic folate antagonism of sulfadox-
152–173 mg/kg to golden hamsters had no apparentine/pyrimethamine, the risk for birth defects with

IPTp-SP is plausible. We summarise preclinical embryotoxicity and only a massive dose of 229 mg/
animal teratogenicity data and the accumulated kg led to a 40% rate of fetal resorption and 8.7% risk
human experience of fetal outcomes with in utero of fetal anomaly.[124] Other studies have shown
exposure to sulfadoxine/pyrimethamine and related pyrimethamine administration at 50–100 times the
compounds. human dose for malaria prophylaxis induced resorp-

tion and fetal anomalies (including neural tube de-
5.1 Teratogenicity – Animal Studies fects) in pregnant rats,[123,125] mice,[126] rabbits[126]

and pigs.[127] Limb and facial malformations in ratsAlthough the teratogenicity of sulfadoxine spe-
have been found to occur at the site of vascularcifically has not been well studied in animal models,
haemorrhages and malformations.[128] It has beenthe sulfonamide class has been extensively evalu-
speculated that early macrocytosis of fetal erythro-ated. At low-doses long-acting sulfonamides do not
cytes may provoke intravascular thrombosis fol-cause teratogenicity in rats.[115,116] High-doses of
lowed by necrosis and haemorrhage.[129] Simultane-sulfonamides (500–1000 mg/kg/day) in rat and
ous administration of folinic acid, which unlike folicmouse models administered from day 9 to 14 in-
acid, can bypass DHFR inhibition to replenish folateduced significant rates of malformation.[117] These
derivatives, abolishes the teratogenic effects ofcumulative doses are between 100 and 250 times the
pyrimethamine.[130]

human dose used for IPTp-SP. The most common
As sulfadoxine and pyrimethamine are synergis-malformations were cleft palate, mandibular and

tic in their activity against P. falciparum, the com-tongue abnormalities. Increased rates of fetal resorp-
bined teratogenic effect was evaluated in pregnanttion were also seen in the rat and mouse models at
Wistar rats randomised to 14.4 mg/kg doses ofthese doses.[117] Other investigators administering
sulfadoxine and 0.72 mg/kg doses of pyrimethaminehigh doses of sulfonamides in pregnant rat and
on days 5, 12 and 19 (group A), days 10 and 17mouse models found cleft palate,[118,119] extra
(group B) and days 15 and 22 (group C).[131] Groupsribs,[120] rib defects,[121] irregular appendicular skele-
A and B produced no litters and fetal resorption wastons,[121] delayed tooth malformations,[116,121]
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confirmed by histology. Group C produced a nor- risk of cardiovascular defects and oral clefts
mal-sized litter with no malformations. The authors amongst infants whose mothers were exposed to
concluded that early administration of sulfadoxine/ DHFR inhibitors in the first trimester.[137] This effect
pyrimethamine induced fetal resorption in rats and was reduced in women who took multivitamin sup-
the teratogenic potential was 2-fold higher than ex- plements that contained folic acid. No increased risk
pected from the drugs individually.[131] of congenital anomalies was found in infants whose

In summary, the teratogenicity data in animals mothers were exposed to DHFR inhibitors in the
are variable between species, making interpretation second and third trimesters.[137] The same research
difficult. Rats are extremely susceptible to the tera- group showed that folic acid antagonist exposure in
togenic effects of sulfadoxine/pyrimethamine at low the first 2 months of pregnancy was associated with
concentrations, but other animal species require an increased risk of neural tube defects.[138]

very high doses to induce fetal anomalies. Although A large case-control study in Hungary also
these animal data should help guide our evaluation demonstrated an association between cotrimoxazole
of teratogenicity risk in humans, they can not be exposure in the first trimester and an increased risk
easily extrapolated. of neural-tube, cleft lip, cardiovascular, and urinary

tract defects.[139] A subsequent evaluation by the
5.2 Teratogenicity – Human Studies same authors also demonstrated an association be-

tween other sulfonamide use in the second and thirdThe human experience with pyrimethamine
months of pregnancy with certain cardiovascularalone in pregnancy is limited. In Germany, a case
malformations and clubfoot.[140] Additionally, aseries of 72 women with toxoplasmosis who were
small case-control study of 197 HIV-infected preg-treated with pyrimethamine (followed by treatment
nant women also revealed a higher rate of congenitalwith a combination of sulfamerazine and sulfato-
abnormalities amongst women exposed to both an-lamide) in the first trimester found lower rates of
tiretrovirals and folate antagonists during the firstabortion, stillbirth and congenital anomalies com-
trimester.[141] Although only one case patient re-pared with historical controls of untreated wo-
ceived sulfadoxine/pyrimethamine in these case-men.[132] In a malaria trial in The Gambia, 518
control studies, it is important to note that exposurepregnant women randomised to biweekly prophy-
to folate antagonists in the second and third trimes-laxis with pyrimethamine 25mg and dapsone 100mg
ters (after organogenesis) was not associated withhad no increase in adverse pregnancy outcomes
congenital anomalies in any of these studies.compared with 531 controls who received place-

Reports specifically on first trimester exposuresbo.[133] In another malaria trial that randomised 429
to sulfadoxine/pyrimethamine are limited to smallNigerian women to 50 mg/month of pyrimethamine
case series. In one series of 153 European travellersor placebo in the second half of pregnancy, there
to East Africa who reported exposures to sulfadox-was no difference in rates of stillbirth or neonatal

deaths.[134] An additional study investigating the use ine/pyrimethamine in the first trimester to a pharma-
of 25 mg/week of pyrimethamine in pregnant Niger- ceutical database, there was a 2.6% rate of spontane-
ian women also reported no fetal malformations.[135] ous abortions and 7.8% rate of congenital anoma-
Between 1964 and 1994, the WHO Collaborating lies.[142] Another travel cohort of 19 women exposed
Centre for International Drug Monitoring identified to sulfadoxine/pyrimethamine in the first trimester
only two cases of congenital anomalies with use of reported no spontaneous abortions and no congeni-
pyrimethamine alone in early pregnancy.[136] tal anomalies.[142] In comparison, 446 women ex-

posed to mefloquine had a 9.1% rate of spontaneousSeveral high quality case-control studies provide
abortions and 4.8% rate of congenital anomalies.[142]the best quantifiable data on the teratogenic risk of
Although these reports had no control group, it isfolate antagonists in general. A large case-control

study published in 2000 demonstrated an increased estimated that 9.5% of pregnancies result in clinical-
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ly recognised spontaneous abortions[143] and an esti- folate (unlike bacteria),[149,150] and physiological
mated 3% of live births have congenital anoma- concentrations of folate cause a 1000-fold decrease
lies[144] in developed countries. Background rates of in sulfadoxine inhibition of P. falciparum in vi-
spontaneous abortions and congenital anomalies tro.[151] However, pyrimethamine is only minimally
have not been established for women living in Afri- antagonised by folic acid, even at supra-physiologi-
ca. cal levels.[152] This suggests pyrimethamine may

There is substantially more experience with also interfere with folate salvage pathways in P.
sulfadoxine/pyrimethamine therapy in the second falciparum[53] by blocking the entry of exogenous
and third trimesters. For example, 34 pregnant wo- folate into erythrocytes[153] in addition to inhibiting
men with toxoplasmosis treated with high-dose DHFR.
sulfadoxine/pyrimethamine after the first trimester Epidemiological data suggest that human folate
delivered 32 healthy children, one infant with mi- levels affect the efficacy of sulfadoxine/
crocephaly and one infant with an imperforate pyrimethamine.[53] Children treated with sulfadox-
anus.[145] Three large randomised controlled trials in ine/pyrimethamine and folic acid concurrently have
Africa, comparing IPTp-SP with standard of care higher rates of parasitological failure than children
involving >3600 pregnant women, revealed no dif- treated with sulfadoxine/pyrimethamine
ference in rates of abortions, stillbirths and infant alone.[154,155] Several large clinical trials have begun
deaths between IPTp-SP and control groups.[14,15,17]

to address the impact of folic acid supplementation
Controls received weekly chloroquine,[14] place- on IPTp-SP and maternal malaria in Africa. Folic
bo[15] or fever case management with sulfadoxine/ acid supplementation was given to all participants
pyrimethamine[17] in these three trials. One trial (sulfadoxine/pyrimethamine and placebo arms) of
examined all infants at week 1 and 6 for evidence of several randomised, clinical trials of IPTp-
congenital anomalies. The rate of congenital anoma- SP.[14,17,22] Although the dose of folic acid ranged
lies was identical (0.3%) in the IPTp-SP and control from 0.5mg[22] to 5mg[17] per day, these studies
groups.[17] Finally, in a case-control study in consistently demonstrated that sulfadoxine/
Malawi, there was no association between number

pyrimethamine was effective at reducing placental
of doses of sulfadoxine/pyrimethamine received for

malaria despite folic acid supplementation.
IPTp and the rate of congenital anomalies.[24]

Two recent randomised controlled trials in Afri-Human data on the safety of sulfadoxine/
ca[156,157] have evaluated the impact of folic acidpyrimethamine in pregnancy in the context of IPTp
supplementation on IPTp-SP. Day 14 parasitologi-are therefore quite reassuring. Although sulfadox-
cal outcome was used as the primary endpoint inine/pyrimethamine is not recommended in the first
both trials instead of the traditional outcomes oftrimester, there are extensive clinical trial data dem-
maternal anaemia, placental malaria, and low birthonstrating its safety in the second and third trimes-
weight. The Kenyan trial randomised 488 pregnantters when it would be administered for IPTp.
women with asymptomatic parasitaemia to IPTp-SP
and one of 3 regimens: placebo, 0.4 mg/day of folic5.3 Folate Supplementation
acid or 5 mg/day of folic acid.[156] Women who
received high-dose folic acid (5 mg/day) supple-Daily folic acid supplementation is recommend-
mentation had twice the rate of parasitological treat-ed for all women during pregnancy to reduce the rate
ment failure as those receiving placebo. However,of congenital anomalies[146] and maternal anae-
women who received 0.4 mg/day of folic acid hadmia.[147,148] However, folic acid supplementation
similar parasitological cure rates as those receivingcould diminish the antimalarial activity of sulfadox-
placebo.[156] The Gambian trial randomised 1035ine/pyrimethamine and therefore increase suscepti-
pregnant women to receive sulfadoxine/bility to developing placental malaria. Many P.

falciparum isolates are able to utilise exogenous pyrimethamine plus concurrent folic acid or
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sulfadoxine/pyrimethamine with folic acid given 2 Gunn strains), sulfonamide administration does not
weeks later (after the parasitological outcome was induce kernicterus.[163]

determined).[157] Women received between 0.5 and
1.5mg of folic acid per day depending on their initial 6.2 Kernicterus – Human Studies
haemoglobin level. At 2 weeks, in the subset of

Based on the results of an unblinded clinical trialwomen with parasitaemia at enrollment (n = 261),
of antibacterial prophylaxis in 193 premature in-there was no difference in rates of parasitological
fants, a relationship between sulfonamides and thecure between the women who received concurrent
development of kernicterus was proposed. Prema-folic acid and the women who delayed folic acid
ture infants treated with a combination of penicillinsupplementation.[157] Therefore, although high doses
and sulfisoxazole had a 63% mortality rate com-of folic acid (5 mg/day) may interfere with the
pared with a 27% mortality rate in infants receivingefficacy of sulfadoxine/pyrimethamine, 0.4mg of
oxytetracycline.[164] On autopsy 42% of the deaths infolic acid supplementation per day (the current
the penicillin and sulfisoxazole arm had evidence ofWHO recommended dose)[147] may provide an opti-
kernicterus compared with only 4% in the oxytetra-mal balance to prevent neural tube defects and main-
cycline arm.[164] As a result, sulfonamides becametain the effectiveness of IPTp-SP.
contraindicated in infants aged <2 months. Howev-

6. Bilirubin Metabolism Effects er, in 1984 sulfadoxine/pyrimethamine was demon-
– Kernicterus strated to be effective therapy for congenital toxo-

plasmosis in a study of 24 newborns where no
Kernicterus (neonatal encephalopathy) is caused episodes of kernicterus were reported.[165] Treatment

by unconjugated bilirubin-induced neurotoxicity. with pyrimethamine, sulfadiazine and folinic acid
High levels of unconjugated bilirubin in plasma may for 1 year beginning at birth has become the stan-
lead to increased entry of unconjugated bilirubin dard of care for infants with congenital toxoplasmo-
into CNS cells. However, kernicterus occurs in only sis. Clinical case series have reported no cases of
a minor fraction of markedly jaundiced newborns kernicterus in >800 newborns treated.[166-172]

and some neonates develop kernicterus despite hav-
Long-acting sulfonamides administered to the

ing ‘physiological’ levels of bilirubin.[158] These dif-
mother during labour have measurable plasma con-

ferences might be due to genetic differences in abili-
centrations in the newborn for several days. After

ty to actively transport bilirubin out of the CNS.[159]

delivery and loss of the placenta’s glucuronyl trans-
Epidemiological studies suggest factors such as

ferase activity, it has been speculated that the new-
haemolysis and infection may potentiate the devel-

born may be susceptible to sulfonamide-induced
opment of kernicterus.[158] Sulfonamides are capable

kernicterus. Several case reports of infants develop-
of displacing unconjugated bilirubin[61] from albu-

ing severe jaundice after maternal administration of
min, which could theoretically increase a newborn’s

sulfonamides have been published.[173-175] However,
risk of kernicterus if taken around the time of labour.

a systematic evaluation of 44 infants with perinatal
sulfisoxazole exposure compared with 234 controls6.1 Kernicterus – Animal Studies
revealed lower levels of unconjugated bilirubin in

The Gunn strain of rat is deficient in UDP- the exposed group and identical levels of conjugated
glucuronyl transferase, which is necessary to conju- bilirubin.[176] There were also no episodes of
gate bilirubin. This strain therefore suffers from life- kernicterus.[176] In third-trimester pregnant women,
long non-haemolytic jaundice and a predisposition there is now extensive experience from case series
to kernicterus.[160] Administration of high-dose sul- and randomised clinical trials with the use of sulfon-
fonamides, including sulfisoxazole[161] and amides for rheumatic fever prophylaxis,[177,178] uri-
sulfadimethoxine,[162] results in severe kernicterus in nary tract infections,[179,180] toxoplasmosis[168-170]

Gunn rats. However, in normal newborn rats (non- and malaria[19,22,24] with no reported episodes of
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kernicterus. In randomised, controlled trials of spite the availability of affordable and effective
IPTp-SP there has also been no association between treatments.[184] IPTp-SP has the potential to signifi-
children who died with jaundice and maternal ad- cantly reduce both maternal and neonatal morbidity
ministration of sulfadoxine/pyrimethamine.[14,15,17] and mortality. Unfortunately, widespread imple-

Although continued monitoring is warranted, ex- mentation of this public health measure has been
tensive evidence exists to assuage concerns that slow, in part due to residual concerns regarding the
sulfonamides administered late in pregnancy or to safety of sulfadoxine/pyrimethamine in pregnancy.
term neonates might increase the risk for Most drugs have never received an extensive
kernicterus. The experience using sulfadoxine/ safety evaluation in pregnant women because of
pyrimethamine in the congenital toxoplasmosis historical biases to study medications in men[185,186]

literature is particularly compelling because of the and pharmaceutical industry concerns regarding lia-
high-doses and prolonged duration of therapy with- bility.[186,187] In addition, the commercial market for
out any cases of kernicterus. Based on these data, many medications in pregnancy is limited, which
concerns regarding kernicterus should not restrict further deters corporations from testing their prod-
the use of sulfadoxine/pyrimethamine for IPTp in uct in pregnant women. The lack of high quality
late pregnancy. clinical studies forces physicians and public health

policy makers to rely on extrapolations of available6.3 Breastfeeding
data from animal models, case series and case-
control studies. These extrapolations can lead toCurrent product information from Roche states
misguided reservations regarding the safety ofthat Fansidar® is contraindicated during breastfeed-
sulfadoxine/pyrimethamine by both healthcareing due to concerns that both sulfadoxine and
providers and pregnant women.[29-31] In the case ofpyrimethamine are excreted in breast milk at low

concentrations.[50] Approximately 3–6% of a single sulfadoxine/pyrimethamine, concerns have been
pyrimethamine dose to the mother will be delivered raised regarding the risk of maternal SCARs, fetal
to a breastfeeding infant over 48 hours.[181] Sulfon- teratogenicity and alterations in newborn bilirubin
amides are excreted into breast milk at lower con- metabolism.
centrations in general and only 0.45% of a dose of Fortunately, several international trials (not fund-
sulfisoxazole was recovered in breast milk over 48 ed by the pharmaceutical industry) have provided
hours.[182] No case reports of possible ADRs related insight into these problems. The rate of SCARs in
to sulfadoxine/pyrimethamine exposure in breast Africa has been less than predicted even in studies
milk have been reported. The manufacturer’s rec- with enhanced surveillance. This low rate of SCARs
ommendations against using sulfadoxine/ may be due to population-level genetic differences
pyrimethamine while breastfeeding is likely due to or may be a function of the low dose and intermittent
theoretical concerns regarding kernicterus among administration of sulfadoxine/pyrimethamine in
infants aged <2 months. However, as stated in the IPTp regimens. As utilisation of IPTp-SP increases
previous section, there is extensive evidence that there must be enhanced pharmacovigilance to en-
sulfadoxine/pyrimethamine and related compounds sure that higher rates of SCARs are not observed.
do not induce kernicterus. Concurring with this evi- Five sub-Saharan African countries have, in fact,
dence, the American Academy of Pediatrics consid- recently introduced national pharmacovigilance
ers sulfonamides and pyrimethamine compatible programmes in response to changes in their malaria
with breastfeeding.[183]

treatment policies.[188] The success of these new
pharmacovigilance programmes will depend on7. Discussion
their ability to integrate into existing public health
programmes (such as national IPTp-SP program-Malaria in pregnancy remains a major cause of

morbidity and mortality in sub-Saharan Africa de- mes).[188] Results from these new pharmacovigi-
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lance programmes must also be communicated back theoretical risk of kernicterus and these concerns
should not limit its use.to local healthcare providers and pregnant women in

Africa since community receptiveness is an impor- No drug is completely safe. For any public health
tant determinant for successful IPTp-SP implemen- intervention there must be a careful assessment of
tation.[29,30] the benefits and risks of treatment. With IPTp-SP

there is clear and extensive evidence of its benefitThere is an increasing appreciation of the interac-
and safety to warrant broad implementation as rec-tions between HIV and malaria, especially in preg-
ommended by the WHO. However, continued re-nant women. Although HIV-infected Africans have
search will be necessary to evaluate its impact inhigher rates of ADRs than HIV-negative individu-
areas of increasing P. falciparum sulfadoxine/als, these rates are still low in terms of absolute
pyrimethamine resistance and HIV co-infection.numbers. Therefore, IPTp-SP can be safely given to

HIV-infected pregnant women. However, pregnant
8. Conclusionwomen on cotrimoxazole prophylaxis should avoid

concurrent sulfadoxine/pyrimethamine treatment IPTp-SP has now been effectively used for >10
because of its redundant mechanism of action and years in many African countries. On balance, the
synergistic worsening of ADRs. A priority area of reviewed data strongly support the safety of
research should be establishing the efficacy of co- sulfadoxine/pyrimethamine in pregnancy. The fa-
trimoxazole prophylaxis in preventing placental ma- vourable safety profile of sulfadoxine/
laria and improving fetal outcomes. pyrimethamine supports its continued use in IPTp

Associations between anti-folate use in the first regimens as recommended by the WHO.
trimester and congenital anomalies have been re-
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dose (0.4 mg/day) folic acid supplementation. How-
ever, countries implementing IPTp-SP with 5mg of
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