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SUMMARY Y 

Background:: In areas of endemic transmission, malaria in pregnancy is associated with 
severee maternal anaemia and low-birthweight babies. We studied the efficacy of intermit-
tentt treatment doses of sulphadoxine-pyrimethamine (SP) in preventing malaria and 
severee anaemia in pregnancy in a double-blind placebo-controlled trial among primi-
gravidd women living in Kilif i District, Kenya. 
Methods:: Between January, 1996, and April, 1997, 1264 primigravid women were 
recruitedd when they attended for antenatal care, and randomly assigned sulphadoxine-
pyrimethaminee {640) or placebo (624). Women received one, two, or three doses of study 
medicationn depending on the duration of gestation at enrolement. Primary outcome 
measuress were severe anaemia (haemoglobin < 8g/dL) and malaria parasitaemia, 
assessedd at 34 weeks of gestation. Analyses were based on intention to treat among 
womenn who had study blood tests at 34 weeks. 
Findings:: 30 (5.3%) of 567 women in the sulphadoxine-pyrimethamine group and 199 
{35.3%)) of 564 in the placebo group had peripiheral parasitaemia (protective efficacy of 
85%,, [95% CI 78-90], p < 0.0001). 82 (14.5%) and 134 (23.7%) had severe anaemia (pro-
tectivee efficacy 39% [95% CI 22- 52], p < 0.0001). Even women who booked late and 
receivedd only one dose of sulphadoxine-pyrimethamine benefited significantly from the 
intervention.. The effects were seen both in women who owned insecticide treated bed-
netss and in women who did not. 
Interpretation:: Intermittent presumptive treatment with sulphadoxine-pyrimethamine is 
ann effective, practicable strategy to decrease the risk of severe anaemia in primigravidae 
livingg in malarious areas. 
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INTRODUCTION N 

InIn areas where infection with Plasmodium falciparum is endemic, immunity to malaria 
developss over the first few years of life, and older children and adults rarely suffer severe 
complicationss of infection. An exception is during pregnancy, when risks of maternal 
anaemia1,2,33 and low-birthweight4,5,6 are increased by malaria infection7. The risks are 
greatestt in the first pregnancy and decrease with increasing gravidity7,8,9. Because infec-
tionn is symptomless in most cases10 treatment of symptomatic episodes only will miss the 
majorityy of infections. Many peripheral-blood slides are negative, despite the presence of 
sequesteredd parasites in the placenta11,12,13. Previous trials have shown that malaria che-
moprophylaxiss given to primigravidae, is associated with less placental parasitaemia, a 
lowerr proportion of low-birthweight babies14,15,16,6, and higher mean maternal 
haemoglobin17;; such prophylaxis may prevent severe haemolytic anaemia1,18,19. Chloro-
quinee has been the main drug used in sub-Saharan Africa. However, there are now very 
highh rates of drug resistance20,6 and poor compliance is common21. Many countries no 
longerr recommend chloroquine prophylaxis during pregnancy. Consequently, new pre-
ventivee strategies have been sought22. 

Possiblee strategies include other forms of malaria control such as insecticide-treated 
bednetss or a different drug regime. Two studies of insecticide-treated bednets (ITBN) 
carriedd out in areas of low malaria transmission23,24, showed some reduction in anaemia 
duringg pregnancy when nets were used. In areas of higher transmission, however, there 
wass no benefit on maternal health,1325 despite a significant decrease in childhood mortal-
ityy and morbidity26,27. 

Wee studied whether, in primigravidae, a regimen of between one and three presump-
tivee treatment doses of sulphadoxine-pyrimethamine (SP) in the second trimester and 
earlyy third trimester of pregnancy, would prevent severe maternal anaemia in late preg-
nancy.. Prevention of this disorder would be likely to have significant benefit for the 
motherr and child7,28. Previous work in Malawi showed that such a regime had a signifi-
cantt effect on placental parasitaemia29. We also compared the effects of this intervention 
inn a population that had previously received insecticide-treated bednets, and a population 
thatt had not. 

PARTICIPANTSS AND METHODS 

StudyStudy population and area 
Thee study took place in 1996-1997 in Kilifi , a mainly rural district on the coast of Kenyan. 
Transmissionn of Plasmodium falciparum is perennial with two seasonal peaks (June -
Augustt and November - December30,31). The transmission intensity is higher in the 
southh of the District that in the north. The point prevalence of infection in 1-9-year-old 
childrenn was 74% in Kilif i south (hyper-holoendemic) and 49% in Kilif i north (meso-
hyperendemic)32.. A previous study in the area3 showed that pregnant women had a high 
prevalencee of severe anaemia; the prevalence was twice as high in primigravid as in mul-
tigravidd women. Iron deficiency was very comment in this population (75% of women 
hadd serum ferritin < 12 ng/ml), as was hookworm infestation (75% of women had hook-
wormm eggs in their faeces). In primigravidae, the presence of peripheral parasitaemia was 
thee main determinant of severe anaemia. 

Off  the study population, 80% lived in rural areas - roughly half of these were from 
Kilif ii  south and half from Kilif i north. Most of the rural population from Kilif i north had 
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takenn part in a previous community randomised study of insecticide-treated bednets27. 
Repeatt dipping of bednets in insecticide continued every 6 months throughout the study 
periodd at several sites within the original bednet study area. 

Design Design 

Too be eligible, a woman had to be attending the antenatal clinic at Vipingo Health centre 
(Kilif ii  south) or Kilif i District Hospital (Kilif i north), and primigravid with a singleton 
pregnancyy between 16 and 30 weeks' gestation. Exclusion criteria were multiple preg-
nancy,, haemoglobin below 6g/dL, severe pre-eclampsia, a clinical diagnosis of malaria, 
ann intrauterine fetal death, or a previous suspected reaction to a sulpha drug. Written 
informedd consent was obtained from all participants. Ethical clearance was granted by 
thee Kenyan Medical Research Institute / National ethical review committee and the Lon-
donn School of Hygiene and Tropical Medicine. A safety monitoring committee was estab-
lished. . 

Womenn were individually randomised to sulphadoxine-pyrimethamine (SP) or pla-
cebo,, identical in appearance and taste. Participants were assigned unique identification 
numberss sequentially. All identification numbers had been randomly allocated to a 
numberr between o and 9, in blocks often. These numbers correspond to ten bottles, five 
off  which were randomly allocated to contain sulphadoxine-pyrimethamine and five pla-
cebo.. Questionnaires were pre-marked with this unique identification number and the 
bottlee number. The code relating bottle numbers to their contents, was retained by a stat-
isticiann and clinician at the research unit, who were not involved in the study. The investi-
gatorss remained unaware of the assigned group until after data collection and editing 
weree complete. 

Thee target number of doses of sulphadoxine-pyrimethamine or placebo depended on 
gestationn at recruitment - three doses for women recruited at 16-19 w e eks of gestation; 
twoo for those recruited at 20-26 weeks; and one for those recruited between 27-30 weeks. 
Alll  doses were given under observation at clinic visits. Women received 30 days' supply of 
ferrousferrous sulphate at each visit and continued to receive routine antenatal care from the 
hospitall  midwives. 

Att recruitment a standard questionnaire was administered on pregnancy history, his-
toryy of illnesses, drug use and educational attainment of the woman and her partner. 
Durationn of gestational was assessed by history of last menstrual period and ultrasonog-
raphy.. At each subsequent visit, women were asked about any possible drug reactions, 
andd further doses were withheld if they reported skin or systemic reactions thought to be 
relatedd to the study drugs. Information was recorded on antimalarial medication from 
public,, private, or traditional sectors and on whether the woman's family owned bednets. 

Att about 34 weeks of gestation, women completed the antenatal component of the 
studyy with a blood test for haemoglobin concentration, malaria slide, and haemoglobin 
electrophoresis.. HIV testing was done anonymously with linkage after deletion of per-
sonall  identifiers. At the time of this blood test, all women who were anaemic were treated 
andd followed up as appropriate, to reduce the likelihood of severe anaemia at the time of 
delivery.. Women with haemoglobin below iog/dL were given folic acid and ferrous sul-
phate.. Women with haemoglobin below 7g/dL or parasitaemia were given sulphadoxine-
pyrimethaminee and those with haemoglobin below 6g/dL were admitted to hospital. 
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16011 women screened 

3377 not eligible 

2688 > 30 weeks' gestation 

466 severe anaemia or 

clinicall malaria 

111 severe p re -ec lamps ia o r 

fetall death 

100 refused 

22 possible reaction 

tosu lphadrugs s 

12644 women randomised 

6244 assigned 

placebo o 

599 had no 

bloodd test 

dur ingg th i rd 

tr imester r 

5655 had blood test dur ing 

thirdd tr imester 

6400 assigned 

sulphadoxine-- pyr imethamine 

733 had no 

bloodd test 

dur ingg th i rd 

tr imester r 

5677 had blood test 

dur ingg third tr imester 

Triall Profile 

Iff  study nurses suspected severe anaemia before 34 weeks' gestation, haemoglobin was 
measuredd immediately. If the concentration was less than 7g/dl, other investigations 
weree performed and treatment given, as described for the 34-week visit. 

Fulll  blood counts were done on a model M530 Coulter Counter. Haemoglobinopa-
thiess were identified by haemoglobin electrophoresis. Thick and thin blood films were 
preparedd by standard giemsa staining, with counting of parasites per 200 white cells, and 
calculatingg counts per microlitre from the white-cell count. 100 high-power fields were 
readd to confirm a negative film. Evidence of HIV infection was sought by GACPAT (Pub-
licc Health Laboratory Service, London, UK).33 For women who gave birth in hospital, 
thickk blood smears were taken at the time of delivery from the maternal surface of the 
placentaa and examined for parasites and pigment by standard giemsa staining. Placental 
biopsyy samples were prepared and examined by two people as as described previously34. 
Womenn were seen at least 4 weeks after delivery, so that stillbirths, neonatal deaths, 
maternall  deaths, and maternal and neonatal morbidity could be ascertained. 

Statistics Statistics 

Dataa entry, validation, and cleaning were done with DBase IV. Statistical analysis was car-
riedried out with STATA (release 4.0) by intention to treat for women who had a blood test at 
344 weeks. The primary outcome was haemoglobin concentration below 8g/dL at 34 weeks 
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Tablee 1 Characteristics of intervention and control groups 

Demography y 
Ethnicc group - Mijikenda 
Married d 

Educationn status 
Ablee to read a letter 
Noo education 
Incompletee primary 

Primaryy complete 
Secondaryy complete 

Educationn status of husband / partners2 

Abilityy to read 
Primaryy complete 
Secondaryy complete 

Socioeconomicc status 
Ownss radio 
Latrinee in compound 

Housee walls made of coral / stone (i.e. not mud) 

Medical l 
Sicklee cell trait3 

HIVV positive4 

Meann duration of gestation at recruitment (weeks) 

Medicationn taken during the pregnancy, before enrollment 
Sulphadoxine-pyrimethamine e 
Chloroquinee treatment 
Chloroquinee prophylaxis 

SPn=640 0 

5655 (88.3%) 
538(84.1%) ) 

3833 (59.8%) 
2066 (32.2%) 
2488 (38.8%) 
1111 (17.3%) 
755 (11.7%) 

5577 (93.5%) 
4222 (70.8%) 
1611 (27.0%) 

3588 (55.9%) 
3411 (53.3%) 
144144 (22.5%) 

811 (14.5%) 
299 (5.1%) 

23.0 0 

188 (2.8%) 
366 (5.6%) 
277 (4.2%) 

Placeboo n-6231 

5600 (89.9%) 
506(81.2%) ) 

3700 (59.4%) 
2111 (33.9%) 
2433 (39.0%) 

109(17.5%) ) 
600 (9.6%) 

5411 (95.3%) 
417(73.4%) ) 
1588 (27.8%) 

3366 (53.9%) 
334334 (53.6%) 
1288 (20.6%) 

800 (14.3%) 
333 (5.8%) 

23.1 1 

12(1.9%) ) 
388 (6.1%) 
255 (4.0%) 

11 information available for only 623 of 624 women recruited 
22 relating to husband / partner placebo group n= 568, SP group n= 596 
33 placebo group n=56i, SP group n=557 
44 placebo group n=565, SP group n=57i. 

gestation.. Protective efficacy of sulphaxoxine-pyrimethamine compared with placebo for 
specificc endpoints was calculated from the risk ratios (RR's) for those endpoints: (protec-
tivee efficacy = ioo(i-risk ratio). Subgroup analyses were done on number of doses allo-
catedd and on areas of residence. For each potential confounder (educational status of 
womann and her partner, ownership of radio, type of house, marital status, number of 
otherr wives, sickle-cell trait, HIV infection, antimalarials received outside of the study 
protocol,, area of residence, and bednet ownership), an adjusted risk ratio estimated by 
thee Mantel-Haenszel technique was compared with the unadjusted risk ratio. For all such 
analyses,, crude and adjusted risk ratios showed no evidence of confounding, hence the 
riskk ratios presented are unadjusted. 

Thee sample size was based on that required to measure a 50% reduction in the pro-
portionn of women with haemoglobin below 8g/dL with 80% power at 5% significance, 
separatelyy for the population in the bednet study area and the population not in that study 
area.. We aimed to recruit 500 women from each area. However, a higher proportion of 
womenn than expected were not eligible because they were more than 30 weeks pregnant 
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Tablee 2 Effect of intermittent treatment doses of sulphadoxine-pyrimetham ine compared with placebo, 
onn proportion of women with severe anaemia (Hb < 8g/dl). 

Alll participants 

Byy doses allocated 
One e 
Two o 
Three e 

Residence e 
Rurall south 
Rurall north: 

Total l 
Withh ITBN 
Noo ITBN 

Urban n 

Sulphadoxine--
pyrimethamine e 

82/5677 (14.5%) 

12/99(12.1%) ) 
50/3500 (14.3%) 
20/118(16.9%) ) 

36/198(18.2%) ) 

26/2433 (10.7%) 
12/1466 (8.2%) 
14/97(14.4%) ) 

20/126(15.9%) ) 

Placebo o 

134/5655 (23.7%) 

24/999 (24.2%) 
88/3788 (23.3%) 

22/888 (25.0%) 

61/2111 (28.9%) 

48/2366 (20.3%) 
27/148(18.2%) ) 

21/88(23.9%) ) 
25/117(21.4%) ) 

Protectivee efficacy [%) 
(95%% CI) 

399 (22 to 52) 

500 (6 to 73) 
399 (16 to 55) 

322 (-16 to 60) 

377 (10 to 56) 

477 (18 to 66) 
555 (15 to 76) 

400 (-11 to 67) 
266 (-26 to 56) 

P P 

<0.0001 1 

0.027 7 
0.002 2 
0.16 6 

0.011 1 

0.004 4 
0.011 1 
0.102 2 
0.271 1 

Forr placebo group: information as to residence available for only 564 of 565 with antenatal haemoglobin 
measurements.. ITBN = insecticide-treated bednet. 

att first attendance, so we recruited only 429 women from the population from the bednet 
studyy area, of whom 70% still used an insecticide-treated bednet. 

RESULTS S 

StudyStudy population 
16011 primigravid women attended clinic for the first time during the recruitment period 
(Figuree of trial profile). 337 were not eligible. Of the 1264 women assigned sulphadoxine-
pyrimethaminee or placebo, 233 (18%) were allocated 3 doses, 811 (64%) 2 doses, and 220 
(17%)) one dose. The study groups were similar in terms of ethnic group, education, socio-
economicc status, gestation at recruitment, HIV status, frequency of sickle cell trait and 
drugg history during the pregnancy (Table 1). 

Efficacy Efficacy 
Off  1264 women with a singleton pregnancy enrolled within the trial, 1132 (90%) had a 
studyy blood test: 1054 after 32 weeks' gestation, 66 at 28-32 weeks' gestation and 12 at less 
thann 28 weeks' gestation. There was no difference in duration of gestation at blood test 
betweenn the groups (p = 0.44), and the reasons for early blood testing were similar in 
bothh groups. Eleven women from the sulphadoxine-pyrimethamine group and 17 from 
thee placebo group had the study blood test early owing to severe anaemia or clinical 
malaria.. The most common reason for not having a study blood test was delivery before 
355 weeks' gestation (86 [65%] of 132). 

Onee hundred and eighteen (9.3%) women (59 from each group) did not take the 
numberr of doses that they had been allocated. There were no substantial differences 
betweenn the groups in the reasons for non-completion of the assigned course, and no 
seriouss adverse reactions to the medication. Four women in the sulphadoxine-pyrimeth-
aminee group and 3 in the placebo group had study medication suspended because of sus-
pectedd minor drug reaction. 
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Tablee 3 The effect of intermittent treatment doses of SP compared with placebo, on peripheral 
parasitaemia. . 

Alll participants 

Byy doses allocated 
One e 

Two o 

Three e 

Residence e 
Rurall south 

Rurall north 

Total l 

Withh ITBN 

Noo ITBN 

Urban n 

Sulphadoxine--

pyrimethamine e 

30/5677 (5.3%) 

4/999 (4.0%) 

19/3500 (5.4%) 

7/118(5.9%) ) 

21/198(10.6%) ) 

4/2433 (1.7%) 

3/146(2.1%) ) 

11 /97 (1.0%) 

5/1266 (4.0%) 

Placebo o 

199/564(35.3%) ) 

27/999 (27.3%) 

134/2433 (35.5%) 

38/88(43%) ) 

100/210(47.6%) ) 

66/2366 (28.0%) 

36/1488 (24.3%) 

30/888 (34.1%) 

33/117(28.2%) ) 

Protectivee efficacy (%) 
(95%% CI) 

855 (78 to 90) 

855 (59 to 95) 
855 (76 to 90) 

866 (71 to 94) 

788 (66 to 85) 

944 (84 too 98) 

922 (73 to 97) 
977 (78 to 99) 

866 (65 to 94) 

PP value 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

Forr placebo group: information as to residence available for only 563 of 564 with antenatal blood fi lm. 

ITBNN = insecticide-treated bednet. 

Amongg the 1132 women who had the third trimester study blood test, a significantly 
higherr proportion of the placebo group than of the sulphadoxme-pyrimethamine group 
weree anaemic (haemoglobin < ng/dl: 460 [81%] vs 431 [76%], p = 0.026). Presumptive 
treatmentt with sulphadoxine-pyrimethamine also led to a lower rate of severe anaemia 
(Hbb < 8g/dL) with an overall protective efficacy of 39% (95% CI 22-52), and an absolute 
riskrisk difference of 9.2% (p < 0.0001, table 2). Efficacy was high and was significant even 
off  only one dose of medication was given. (p=o.o27). The overall effect was similar in 
bothh rural populations, including the women who still had insecticide-treated bednets, 
thoughh urban women did not seem to derive as much benefit from the intervention as 
rurall  women did (table 2). In some of these subsets, however, the sample sizes were 
small,, so the statistical power was low. 

Wee also examined the effect of the intervention by place of recruitment (Vipingo or 
Kilif ii  District Hosputal). There was less anaemia with sulphadoxine-pyrimethamine than 
withh placebo in subgroups except women who gave an address from Kilif i south, but who 
attendedd the clinic in Kilif i District Hospital. In that subgroup, 16 (22%) of 73 women in 
thee sulphadoxine-pyrimethamine group and 8 (11%) of 71 in the placebo group had severe 
anaemiaa (p=o.c>7). By contrast, the effect of the intervention in the rural population of 
Kilif ii  south who went to Vipingo clinic was large: 20 (16%) of 125 in the sulphadoxine-
pyrimethaminee group versus 53 (39%) of 137 in the placebo group had severe anaemia, 
givingg a protective efficacy of 59% (p < 0.0001). 

Meann haemoglobin concentration was significantly higher in the sulphadoxine-
pyrimethaminee group than in the placebo group: mean 97g/dL [SD 1.76; range 2.7-14.6], 
vss 9.3g/dL [SD 1.85; range 3.4-14.5], p < 0.0001). 

11311 women had peripheral blood film results. Among these women, malaria parasi-
taemiaa was less common in the sulphadoxine-pyrimethamine group than in the placebo 
groupp with a protective efficacy of 85% (95% CI 78-90, p < 0.0001) (Table 3). The effect 
wass similar in all subgroups. 
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Tablee 4 The effect of intermittent treatment doses of sulphadoxine pyrimethamine compared with 
placeboo on postnatal outcome 

Miscarriagess * 
Stillbirths s 
Perinatall deaths 
Neonatall deaths 

Sulphadoxine--
pyrimethamine e 

4/6300 (0.63%) 
24/6266 (3.83%) 
39/6266 (6.23%) 
19/6022 (3.16%) 

Placebo o 

4/6155 (0.65%) 
26/6111 (4.26%) 
49/6111 (8.02%) 
30/5855 (5.13%) 

Protectivee efficacy (%) 
95%% CI 

2.77 (-287 to 76) 
0.44 (-2 to 3) 

222 (-17 to 48) 
388 (-8 to 65) 

P P 

0.97 7 
0.71 1 
0.22 2 
0.09 9 

** Delivery at less than 24 weeks' gestational age 

Theree was littl e difference between the groups in reported treatment-seeking behavior or 
medicationn during the study. Six women from the sulphadoxine-pyrimethamine group 
andd eight from the placebo group reported taking sulphadoxine-pyrimethamine, outside 
thee study protocol, and 69 and 61 women, respectively, reported taking chloroquine. 

Fivee of 29 HIV-infected women in the sulphadoxine-pyrimethamine group compared 
withh nine of 33 from the placebo group had haemoglobin less than 8g/dL, and three and 
tenn respectively, had peripheral parasitaemia. However, the differences were not signifi-
cant. . 

Amongg the women who gave birth in hospital, 16 (7.8%) of 205 in the sulphadoxine-
pyrimethaminee group and 29 (14.8%) of 196 in the placebo group had a placental smear 
positivee for malaria (protective efficacy 47% [6-70], p = 0.27); in 93 (45.4%) of 205 and 69 
(34.2%)) of 202, respectively, the placenta was negative for malaria on histology (protective 
efficacyy 17% [3-29], p = 0.021). 

PostnatalPostnatal fallow-up 
Informationn on birth outcome was obtained from 1245 {98.5%) of women. There were 
fewerr stillbirths and neonatal deaths in the sulphadoxine-pyrimethamine group than in 
thee placebo group, consistent with a protective efficacy of 22% for perinatal deaths and 
38%% for neonatal mortality, though these differences were not significant (Table 4). There 
wass no difference in the proportion of women delivering prematurely or in the mean 
durationn of gestation at delivery between the groups. Of five babies who died and were 
reportedd to have been jaundiced, 3 were born to mothers who had not received sulphadox-
ine-pyrimethaminee during pregnancy and 2 were born to mothers who had received the 
drugss more than 6 weeks before delivery. 

Fivee women died, four in the placebo group (1 from chorio-amnionitis at 30 weeks 
gestation,, one with a history of acute abdominal pain antenatally, and 2 as a result of 
obstructedd labour) and one in the sulphadoxine-pyrimethamine group (with a history of 
severee pallor and acute diarrhoea at 30 weeks' gestation). Of these women the four who 
weree tested for HIV were negative. 

DISCUSSION N 

Inn this double-blind randomised controlled trial, presumptive treatment with sulphadox-
ine-pyrimethaminee greatly reduced the prevalence of severe anaemia, and was acceptable 
too women. Since the majority of primigravid women in Kenya attend for antenatal care 
(estimatess are 95% for women attending antenatal clinics at least once in Kilif i District)35 

andd sulphadoxine-pyrimethamine is cheap (each dose cost US$ 0.17), this regimen 
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shouldd be a practicable. The finding of significant benefit from the intervention in 
womenn who attended late in pregnancy and so were assigned only one dose (table 2), sug-
gestss that even these women can benefit from the intervention and that health-workers 
shouldd try as hard to give late attenders a single dose as to provide early attenders with 2 
orr 3 doses. However, the findings cannot be interpreted as meaning that one dose is suf-
ficientt treatment for all women. Women may develop severe life threatening anaemia 
secondaryy to malaria early in the second trimester, so presumptive treatment needs to be 
startedd as early as possible after 16 weeks of gestation. Furthermore, there may be differ-
encess between women who book for antenatal clinic late and women coming earlier in 
theirr pregnancy, for example, in the proportion with illness. This regimen has the advan-
tagee over chloroquine in that it is given to women when they attend antenatal clinics thus 
helpingg to avoid problems of compliance. 

Wee did not detect any serious side-effects in mother or infants, and there was no dif-
ferencee in minor adverse events between the groups. There is a small risk of adverse reac-
tionss to sulpha drugs36, and a theoretical risk of kernicterus if these drugs are used within 
aa short period before delivery37. However, in an area with endemic malarial transmission, 
andd much severe anaemia attributable to malaria in pregnancy, the benefits of this regi-
menn outweigh these potential risks. No increased risk of kernicterus has been seen in 
thiss or other studies of sulphadoxine-pyrimethamine use in pregnancy29,38,39. In our 
study,, however, only 42 women received the drugs less than 14 days before delivery; the 
meann time between the last dose and delivery was 56 days. Although these results are 
reassuring,, surveillance systems remain important for safety monitoring, if this regimen 
becomess routine. 

Thee rural population from the north had less anaemia than the southern population 
(tablee 2). These are geographically distinct populations, so there could be several reasons 
forr this difference, including intensity of malaria transmission32, variations in nutritional 
status,, and variations in hookworm prevalence. The absolute difference in rates of anae-
miaa between intervention and placebo groups was similar in all the rural sub-popula-
tions,, including the population with insecticide-treated bednets. This finding confirms 
previouss reports that bednets alone do not prevent the adverse outcomes of malaria in 
pregnancy13.. It also suggests that treatment with sulphadoxine-pyrimethamine is effec-
tivee in a range of transmission settings, though was not as effective in the urban popula-
tionss as in the rural populations. 

Thee only group of women who appeared to derive no benefit from the intervention 
weree women recruited at Kilif i District Hospital who gave an address in Kilif i South. The 
proportionn with anaemia among these women was similar to that in the urban popula-
tion;; these women may have been residing temporarily in the urban areas of Kilif i north. 

Severee anaemia in pregnancy has been reported as the main cause of up to 20% of 
maternall  deaths in some hospital series in sub-Saharan Africa40,41,42,43 and 11-13% i n c o m" 
munity-- based studies44,45. In Kilif i District Hospital, severe anaemia was judged to be the 
primaryy factor in 10 of 43 deaths over a 3-year period (EKD, CES unpublished). Severe 
anaemiaa is also associated with substantial maternal morbidity. Malaria infection and 
severee maternal anaemia are also risk factors for low-birthweight7, one of the main risk 
factorss for infant mortality46. On the assumption that without treatment, anaemia at 34 
weekss gestation will not resolve spontaneously, a decrease in the rate of severe anaemia in 
thee third trimester is likely to have a great public health impact. 
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Malariaa is an under-recognised cause of severe anaemia in areas of endemic transmis-
sion,, since it is generally asymptomatic and not associated with peripheral parasitaemia. 
Thee delay in the development of an effective regimen to prevent malaria in pregnant 
womenn since the emergence of widespread chloroquine resistance has resulted in much 
morbidityy and mortality. 

Unlikee previous policies for pregnant women, this regimen does not involve continu-
ouss prophylaxis and is therefore unlikely to contribute significantly to the emergence of 
drugg resistance. Use in pregnant women will form only a small part of total use. None-
theless,, the likely emergence of resistance to sulphadoxine-pyrimethamine is a concern, 
andd research to identify ways of preventing such resistance and of finding alternative 
treatments,, should continue in parallel with implementation of policy. 
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