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Background. Cotrimoxazole prophylaxis is recommended for subgroups of human immunodeficiency virus
(HIV)–infected adults and children to reduce all-cause morbidity and mortality. We investigated whether antenatal
cotrimoxazole prophylaxis begun during pregnancy for HIV-infected pregnant women with low CD4 cell counts
would affect birth outcomes.

Methods. Cotrimoxazole prophylaxis was introduced as a routine component of antenatal care for HIV-infected
women with CD4 cell counts !200 cells/mL during the course of a trial of mother-to-child HIV transmission in
Lusaka, Zambia. Rates of preterm delivery, low birth weight, and neonatal mortality were compared for women
with low CD4 cell counts before and after its introduction.

Results. Among 255 women with CD4 cell counts !200 cells/mL, the percentage of preterm births (�34 weeks
of gestation) was lower (odds ratio [OR], 0.49 [95% confidence interval {CI}, 0.24–0.98]) after cotrimoxazole
prophylaxis was introduced than before; there was a significant decrease in neonatal mortality (9% to 0%; P p

) and a trend toward increased birth weight ( g [95% CI, �42 to 271 g]). In contrast, there were no.01 b p 114
significant changes in these parameters over the same time interval among women with CD4 cell counts �200
cells/mL.

Conclusion. Antenatal provision of cotrimoxazole for HIV-infected pregnant women with low CD4 cell counts
may have indirect benefits for neonatal health.

Cotrimoxazole (trimethoprim-sulfamethoxazole), orig-

inally recommended as prophylaxis against Pneumo-

cystis pneumonia, was one of the first effective preven-

tive interventions offered to HIV-infected adults and

children in the United States and Europe [1]. Later

clinical trials demonstrated significant reductions in all-
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cause morbidity and mortality in African populations,

suggesting wider benefits that possibly resulted from ac-

tivity against various parasitic, fungal, and bacterial in-

fections [2–5]. HIV/AIDS treatment guidelines recom-

mend cotrimoxazole as a component of care for adults

(including pregnant women) with low CD4 cell counts

[6]. However, to avoid potential teratogenic effects of

trimethroprim [7–9], treatment is only recommended

after the first trimester of pregnancy [6, 10].

When enrollment into a clinical trial of mother-to-

child HIV transmission in Lusaka, Zambia, first began,

cotrimoxazole was not a routine component of care for

HIV-infected pregnant women. During the course of

the trial, guidelines for the local health services were

refined to encourage its use for HIV-infected pregnant

women. For the final quarter of the study, all women
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with CD4 cell counts !200 cells/mL were systematically provided

cotrimoxazole from the second trimester as part of routine

antenatal care. This change offered an unplanned “natural ex-

periment” for the evaluation of the effects of antenatal cotri-

moxazole prophylaxis on birth outcomes. We hypothesized

that, in addition to the expected benefits for maternal health,

there might be spillover benefits for neonatal health. In par-

ticular, because HIV-infected women are at high risk for pre-

term birth and for low birth weight infants [11]—and because

antibiotic prophylaxis has been investigated as a means for the

reduction of these adverse outcomes (with somewhat mixed

results [12])—we investigated whether cotrimoxazole begun

during pregnancy would affect birth outcomes among HIV-

infected women.

SUBJECTS, MATERIALS, AND METHODS

Study design. As part of a trial of short, exclusive breast-

feeding to reduce mother-to-child HIV transmission and infant

mortality [13], 1435 HIV-seropositive pregnant women were

recruited at 2 clinics in Lusaka between April 2001 and Sep-

tember 2004. Cotrimoxazole prophylaxis was introduced as part

of routine antenatal care beginning in November 2003. At en-

rollment, all women had CD4 cell counts measured (BD Im-

munocytometry Systems) and, from the beginning of Novem-

ber 2003, all those with CD4 cell counts !200 cells/mL who

were at 114 weeks of gestation began receiving 2 single-strength

tablets (400 mg of sulfamethoxazole and 80 mg of trimetho-

prim) daily. Treatment was delayed until 14 weeks of gestation

for those who enrolled during the first trimester. Among all

women in the study with CD4 cell counts !200 cells/mL, we

compared rates of adverse pregnancy and birth outcomes before

and after the introduction of cotrimoxazole prophylaxis.

Study procedures. Routine antenatal care also included

screening for syphilis by rapid plasma reagin tests and treatment

of women and their partners with penicillin if found to be

positive. All women received 800 mg of folate as part of daily

prenatal multivitamin supplementation. Through October 2002,

malaria prophylaxis was with monthly chloroquine treatment

and thereafter consisted of intermittent presumptive treatment

during each trimester with sulfadoxine-pyrimethamine. Anti-

retroviral treatment became available only in November 2004.

Blood samples were collected at enrollment to measure CD4

cell count, plasma viral load (Roche Amplicor version 1.5), and

hemoglobin level (Hemocue system). Women were asked about

HIV-related conditions, and World Health Organization clinical

stage was assigned on the basis of self-reports. Height and

weight were measured, and body mass index was calculated as

kilograms per square meter.

Women were monitored via regularly scheduled visits during

pregnancy. At delivery, obstetric and newborn details were re-

corded by study staff, who also collected delivery information

from records for off-site deliveries. Women were encouraged

to bring their infants to the clinic as soon as possible in the

event of a home delivery. Gestational age at birth was calculated

by adding the time (in days) between the date of enrollment

and the date of delivery to the estimate of gestational age at

enrollment, which was based on the reported last menstrual

period (LMP). Estimates of gestational age based on clinical

examination (fundal height) at enrollment, performed by mid-

wives, were also available. Clinical chorioamnionitis was in-

ferred if 1 or more of the following were noted: temperature

during labor 138�C, fetal tachycardia (1160 beats per minute

[bpm]), maternal tachycardia (1110 bpm), foul-smelling fetus,

or purulent/foul-smelling amniotic fluid. Home visits were

scheduled at 4 days and at 2 and 3 weeks after delivery, and

clinic visits were scheduled at 1 and 5 weeks postpartum. All

maternal and infant deaths and hospital admissions were in-

vestigated by interview with the caregivers and/or health care

personnel and by review of hospital records. The study was

approved by the institutional review boards of the investigators’

institutions, and all participants provided written, informed

consent.

Statistical methods. A cutoff date of 14 November 2003

was selected as the date after which a pregnancy outcome had

to have occurred among women with CD4 cell counts !200

cells/mL for it to be considered cotrimoxazole exposed. This

allowed at least 2 weeks for the change in protocol to be im-

plemented. Temporal changes in risk factors among women

with low CD4 cell counts and in pregnancy outcomes among

women with higher CD4 cell counts were also examined. For

univariate analyses, the x2 test was used to compare categori-

cal variables unless expected cell sizes were !5, in which case

Fisher’s exact test was used; the Cochrane-Armitage test for

trend was used to compare distributions of ordered categorical

data; the t test was used to compare normally distributed con-

tinuous variables; and the Wilcoxon rank sum test was used

to compare nonnormal continuous variables. To adjust for pos-

sible confounding, multiple logistic regression with preterm

birth as the outcome and multiple linear regression with birth

weight as the outcome were performed. Variables that were

significant in univariate analysis ( ) were included andP ! .10

were retained if significant ( ) or if their inclusion sub-P ! .05

stantially changed estimates of the parameter describing the

effect of cotrimoxazole. Missing values for hemoglobin level

( ) in the multiple regression models were imputed usingn p 6

the CD4 cell count stratum–specific mean. All statistical anal-

yses were performed using SAS software (version 9.1; SAS).

RESULTS

Study cohort. Twenty-four percent of the HIV-infected wom-

en enrolled in the cohort had CD4 cell counts !200 cells/mL.

The present analysis focused on 255 women with low CD4 cell
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counts who had liveborn singleton infants—67 delivered after

and 188 delivered before 14 November 2003. This excludes

women who began receiving antiretroviral drugs while pregnant

(figure 1). Enrollment of the 67 women who delivered after

the cutoff date occurred between an estimated 11 and 39 weeks

of gestation. Twelve of these women were enrolled before No-

vember 2003 but had 12 weeks of antenatal follow-up after

this date. Six delivered within 1 week of enrollment, but 5 of

these deliveries occurred 15 months after the protocol change

was implemented. Therefore, all 6 women are included in the

group presumed to have received cotrimoxazole.

Birth outcomes after the introduction of cotrimoxazole

prophylaxis. Among singleton live births to women with CD4

cell counts !200 cells/mL, there were significant reductions in

the percentage of preterm births (�34 weeks of gestation),

clinical chorioamnionitis, and neonatal mortality, as well as a

trend toward a 115-g increase in mean birth weight, after the

introduction of antenatal cotrimoxazole prophylaxis was ob-

served (table 1). The reduction in the percentage of preterm

births remained significant when the analysis was restricted to

women enrolled before 32 weeks of gestation: 36% to 17%

( ). Neonatal hospitalization rates were not significantlyP p .01

reduced after 14 November 2003, and 1 infant was hospitalized

with jaundice. Another infant in the postcotrimoxazole cohort

was hospitalized with an absent urethral opening. The mother

of this infant enrolled at 19 weeks gestational age.

Women with low CD4 cell counts delivering before and after

the introduction of cotrimoxazole prophylaxis were largely sim-

ilar with respect to HIV-related characteristics and other med-

ical and socioeconomic parameters related to adverse birth out-

comes (table 2). To investigate whether temporal changes in

the prevalence of other risk factors during the later period might

account for the changes in birth outcomes observed after the

introduction of cotrimoxazole prophylaxis, we investigated risk

factors for preterm birth in this group. In a multiple logistic

regression model, birth after the introduction of cotrimoxazole

prophylaxis was associated with a significant reduction in the

percentage of preterm births (odds ratio [OR], 0.46 [95% con-

fidence interval {CI}, 0.22–0.96]) after adjustment for he-

moglobin level (OR, 0.78 [95% CI, 0.63–0.97]), severe poverty

(OR, 1.88 [95% CI, 1.03–3.34]), maternal education (OR, 1.64

[95% CI, 0.90–3.0]), and gestational age at enrollment (OR,

0.94 [95% CI, 0.90–0.99]). Enrollment earlier during pregnancy

was most likely associated with increased risk, because enroll-

ment late during pregnancy excludes the possibility for early

preterm deliveries. Food insecurity was not a risk factor for

preterm delivery, and, when included in the above model, the

reduction in the percentage of preterm births during the post-

cotrimoxazole period remained unchanged.

To test whether the change of malarial prophylaxis from

chloroquine to sulfadoxine-pyrimethamine in early November

2002—a year before the introduction of cotrimoxazole pro-

phylaxis—could explain part of the observed improvements in

maternal and infant health, we conducted an analysis that was

restricted to births after 14 November 2002. In this analysis,

malarial prophylaxis was the same for all women (all received

sulfadoxine-pyrimethamine). In the subgroup with CD4 cell

counts !200 cells/mL ( ), the reduction in the percentagen p 166

of preterm births was similar to that in the overall cohort (OR,

0.36 [95% CI, 0.17–0.79]) after adjustment for hemoglobin

level, severe poverty, maternal education, and gestational age

at enrollment. Neonatal mortality decreased from 8% to 0%

( ), and the frequency of chorioamnionitis decreasedP p .02

from 2% to 0% ( ).P p .52

In contrast to the improvement observed among severely

immunosuppressed women, birth outcomes in the cohort of

women with CD4 cell counts �200 cells/mL displayed no con-

sistent patterns of improvement over the same time interval.

Women with singleton live births before ( ) did notn p 609

differ from women with singleton live births after ( )n p 211

14 November 2003 with respect to the frequency of preterm

births (130 [21%] vs. 45 [22%]; ), clinical chorioam-P p .97

nionitis (15 [2.5%] vs. 2 [0.95%]; ), and neonatal mor-P p .26

tality (18 [3.0%] vs. 5 [2.4%]; ).P p .66

Changes over time in associations between maternal CD4

cell count and birth weight. Before the introduction of co-

trimoxazole prophylaxis, there was a strong relationship be-

tween CD4 cell counts and birth weight (figure 2). This rela-

tionship was not linear but, rather, was logarithmic, with a

mean increase of 276 g (95% CI, 248–504 g) per log10 increase

in CD4 cell count; this resulted in an apparent threshold effect,

with those with CD4 cell counts !100 cells/mL being the most

at risk with respect to lower birth weight. During the postco-

trimoxazole period, the decrease in birth weight was not ap-

parent ( g [95% CI, �124 to 254 g] per log10 increaseb p 65

in CD4 cell count) (figure 2). Thus, a CD4 cell count during

the precotrimoxazole period conferred a greater risk of low

birth weight than during the postcotrimoxazole period. Birth

weight improvement during the postcotrimoxazole period was

most pronounced if CD4 cell counts were !100 cells/mL. The

mean improvement in birth weight during the postcotrimox-

azole period was 52 g (95% CI, �120 to 223 g; ) forP p .55

infants born to women with CD4 cell counts 100–200 cells/mL

and was 319 g (95% CI, �21 to 659 g; ) for infantsP p .07

born to women with CD4 cell counts !100 cells/mL.

Sensitivity analysis to investigate the effects of error in es-

timation of gestational age. Gestational age was estimated on

the basis of LMP reports at enrollment, which is an error-prone

method. For 245 (96%) of the women in the low CD4 cell

count stratum, gestational age at antenatal booking was also

estimated by fundal height examination. Although these 2 mea-

sures were correlated (Pearson’s correlation coefficient, 0.62),
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Table 1. Birth outcomes among singleton liveborn infants born

to 255 HIV-infected women with CD4 cell counts !200 cells/mL

before and after the introduction of cotrimoxazole prophylaxis.

Birth outcome

Before

(n p 188)

After

(n p 67) P

Gestation .02

!32 weeks 27 (14) 2 (3)

32–33 weeks 18 (10) 4 (6)

34–36 weeks 44 (23) 22 (33)

�37 weeks 99 (53) 39 (58)

Mean � SD, weeks 37.0 � 4.5 38.1 � 3.7 .07

Preterm birth (�34 weeks) 58 (31) 12 (18) .04

Birth weight
a

.24

!1500 g 6 (3) 0 (0)

1500–1999 g 6 (3) 2 (3)

2000–2499 g 23 (13) 8 (12)

�2500 g 146 (81) 55 (85)

Mean � SD, g 2832 � 566 2947 � 504 .15

Chorioamnionitis 12 (6) 0 (0) .04

Neonatal (�28 days) mortality
b

17 (9) 0 (0) .01

Neonatal (�28 days) hospitalization 26 (14) 6 (9) .30

Sepsis-related hospitalization 9 (5) 1 (2) .46

Jaundice 0 (0) 1 (2) .26

Congenital malformations 0 (0) 1 (2) .26

NOTE. Data are no. (%) of subjects, unless otherwise indicated.
a

Data on birth weight were available for 181 and 65 infants in the before

and after groups, respectively.
b

The rates of losses to follow-up until day 28 were 6.9% before and 7.5%

after 14 November 2003.

for only 64% ( ) were these measurements within 2n p 156

weeks (plus or minus) of each other. In this subgroup (in which

gestational age was, presumably, more accurately estimated),

the effect of cotrimoxazole on preterm delivery (measured on

the basis of LMP) was slightly stronger than that in the entire

cohort (unadjusted OR, 0.43 [95% CI, 0.18–1.02]) and re-

mained so after adjustment for hemoglobin level, severe pov-

erty, maternal education, and gestational age at enrollment (ad-

justed OR, 0.33 [95% CI, 0.13–0.83]).

Use of fundal height–based estimates tended to yield older

estimates of gestation at birth than did use of LMP-based es-

timates: the means for the low CD4 cell count stratum were

37.4 and 38.2 weeks for the LMP and fundal height estimates,

respectively. If only the fundal height estimates were used, the

temporal changes were most strongly related to a higher cutoff

value of �36 weeks of gestation (OR, 0.49 [95% CI, 0.26–

0.93]) after adjustment for hemoglobin level, severe poverty,

maternal education, and gestational age at enrollment.

Do reductions in preterm birth explain reductions in neo-

natal mortality? To investigate whether reduction in preterm

birth might explain decreased mortality, we examined risk fac-

tors for neonatal death. Gestational age, birth weight, and cho-

rioamnionitis were each significantly associated with neonatal

mortality in the cohort overall (table 3) as well as in the low

CD4 cell count stratum (data not shown). Before the intro-

duction of cotrimoxazole prophylaxis, 10 (59%) of 17 neonatal

deaths in the low CD4 cell count stratum were born at �34

weeks (OR, 3.66 [95% CI, 1.32–10.17]); 3 (18%) of 17 had

indications of chorioamnionitis (OR, 3.86 [95% CI, 0.94–

15.90]); and the mean birth weight was 668 g (95% CI, 372–

963 g) lower among infants who died than among survivors.

Maternal outcomes after the introduction of cotrimoxazole

prophylaxis. Among all women with CD4 cell counts !200

cells/mL, 233 enrolled before and 94 enrolled after the intro-

duction of cotrimoxazole prophylaxis (figure 1). There was a

nonsignificant trend toward reduced maternal mortality (10

[4%] and 1 [1%]; ) and hospital admissions (56 [24%]P p .19

and 14 [15%]; ) during the post- versus precotrimoxa-P p .07

zole period.

DISCUSSION

Our data suggest that, in addition to the expected benefits for

maternal health, there may be neonatal benefits from providing

cotrimoxazole prophylaxis to immunosuppressed HIV-infected

women during pregnancy. We observed reductions in neona-

tal mortality, clinical chorioamnionitis, and preterm delivery

among HIV-infected women with low CD4 cell counts coin-

ciding in time with the addition of cotrimoxazole as a com-

ponent of antenatal care.

Preterm birth can be caused by a variety of bacterial and

parasitic infections that can be readily treated with cotrimox-

azole. These include urinary tract infection [14], toxoplasmosis

[15], malaria [16–18], and various other systemic infections,

such as pneumonia [19]. Treatment of lower genital tract in-

fections, including chlamydia and gonorrhea [20], may also

have played some role, given that our protocol did not include

systematic screening for these conditions. However, the fre-

quency of asymptomatic lower genital tract infections may be

insufficient to account for the size of the effect seen. Sustained

use of cotrimoxazole throughout pregnancy may also have re-

duced the common condition of subclinical chorioamnionitis

[21], which is consistent with our observation of a significant

reduction in clinical chorioamnionitis.

Because preterm delivery is strongly related to neonatal mor-

tality [22] even in the context of HIV infection [23], its re-

duction may have been the main cause for the lower neonatal

mortality rate. However, our sample size was inadequate to

fully explore this issue statistically. It is also possible that co-

trimoxazole may have had other beneficial effects that con-

tributed to reductions in neonatal mortality, such as through

effects on maternally acquired neonatal infections, such as Kleb-

siella, Escherichia coli, Salmonella, Hemophilus influenza, and

Streptococcus infections [24]. Trials have observed benefits of

antibacterial interventions applied only during labor and de-
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Table 2. Comparison of the cohorts of women with CD4 cell counts !200 cells/mL de-

livering liveborn singleton infants before and after the introduction of cotrimoxazole

prophylaxis.

Factor

Before

(n p 188)

After

(n p 67) P

HIV-related factors at enrollment

CD4 cell count, median (IQR), cells/mL 146 (102–169) 128 (92–160) .12

HIV load, median (IQR), log10 copies/mL 5.1 (4.6–5.4) 5.0 (4.6–5.5) .51

WHO stage 3 104 (55) 33 (49) .39

Hemoglobin level !11 g/dL 150 (80) 47 (77) .65

Positive RPR test 37 (20) 9 (15) .30

Body mass index, mean � SD, kg/m2 22.5 � 3.1 23.0 � 3.2 .33

Obstetric factors

Primipara 19 (10) 6 (9) .79

Gestational age at enrollment, mean � SD, weeks 26 � 6.6 25 � 7.2 .65

Characteristics at delivery

Place of birth

Home 23 (12) 6 (9) .47

Tertiary hospital 38 (20) 11 (16) .50

Primary care clinic 126 (67) 50 (75) .25

Male sex 92 (49) 35 (52) .64

Sociodemographic variables

Age, median (IQR), years 27 (24–30) 28 (24–31) .49

Married 152 (81) 55 (82) .82

�8 years of school 93 (50) 29 (43) .38

Severe poverty
a

100 (53) 36 (54) .94

Crowding
b

46 (25) 12 (18) .29

Food insecurity
c

55 (29) 10 (15) .02

NOTE. Data are no. (%) of subjects, unless otherwise indicated. IQR, interquartile range; RPR, rapid

plasma reagin; WHO, World Health Organization.
a

Defined as severe if the household did not have a refrigerator, electricity, a water source inside the home

or on own property, or a stove or hot plate for cooking and as mild if they had 1 or more of these.
b

Defined as �2 adults/room.
c

Defined as reporting that the household had no food at least 1 full day during the month preceding

enrollment.

livery with respect to the morbidity and mortality of newborns

of HIV-infected mothers [25–27]. Our results underscore the

importance of combining antimicrobial interventions with an-

tiviral interventions to more effectively reduce morbidity and

mortality among infants born to HIV-infected mothers.

HIV-infected women are at high risk for adverse birth out-

comes [11]. This risk may, in part, be attributable to high rates

of coinfections and is increased with more-advanced HIV dis-

ease [28–31]. Our results are encouraging, because they suggest

that high rates of adverse birth outcomes among HIV-infected

women may be preventable. Although adverse pregnancy out-

comes were concentrated among immunosuppressed women

in our cohort, rates of preterm delivery, low birth weight, and

neonatal mortality were also high among women with higher

CD4 cell counts. It may be useful to investigate whether HIV-

infected women with higher CD4 cell counts—or even HIV-

uninfected women—would profit from antibiotic prophylaxis

during pregnancy. A trial from Uganda examined the effects

of a prophylactic regimen containing azithromycin, cefixime,

and metronidazole in pregnant women. With an HIV infection

prevalence of 14%, presumptive treatment resulted in signifi-

cant reductions in neonatal mortality and a trend toward re-

duced preterm births [32], suggesting that antibiotic prophy-

laxis may benefit all pregnant women in areas with high

neonatal morbidity and mortality rates.

A recent large trial among HIV-infected African women ob-

served no beneficial effects on preterm birth and low birth

weight of 2 courses of antibiotics—metronidazole and eryth-

romycin given at 24 weeks, and metronidazole and ampicillin

given during labor [33]. The authors suggest as explanation the

failure of the regimen to reduce subclinical chorioamnionitis.

Antibiotic prophylaxis has been extensively investigated as a

strategy to reduce preterm delivery among HIV-uninfected

women in the United States and elsewhere, but the benefits are

not clear-cut [12]. Most reviews suggest that there is little ben-

efit for general populations [12] but that there may be some
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Figure 2. Mean birth weight in each CD4 cell count stratum, by birth

before or after the introduction of cotrimoxazole prophylaxis. Only liveborn

singleton infants without intrauterine exposure to maternal antiretroviral

treatment were included ( ); 39 infants with missing data weren p 1036

excluded. Bars show 95% confidence intervals. The nos. of infants in-

cluded in each category are indicated.

Table 3. Associations between neonatal mortality and

gestational age, birth weight, and chorioamnionitis among

1075 HIV-infected women who gave birth to singleton

liveborn infants and who did not receive antiretroviral

treatment during pregnancy.

Factor

Neonatal

deaths/total no. (%) OR (95% CI)

Gestational age

!30 weeks 9/45 (20) 12.1 (4.2–33)

30–32 weeks 4/71 (6) 2.9 (0.7–9.7)

33–34 weeks 7/129 (5) 2.8 (0.9–7.6)

35–36 weeks 7/186 (4) 1.9 (0.6–5.2)

�37 weeks 13/640 (2) Reference

Birth weight

!1500 g 4/9 (44) 38.6 (6.6–200)

1500–1999 g 7/22 (32) 22.5 (6.4–72)

2000–2499 g 8/96 (8) 4.4 (1.5–12.1)

2500–2999 g 5/325 (2) 0.8 (0.2–2.4)

�3000 g 12/594 (2) Reference

Chorioamnionitis

Yes 7/29 (24) 9.8 (3.3–25.7)

No 33/1046 (3) Reference

NOTE. CI, confidence interval; OR, odds ratio.

benefit in certain high-risk groups, such as women with bac-

teriuria [34] or women with bacterial vaginosis and a history

of preterm birth [35]. There are important differences between

our study and many of these prior studies. First, none inves-

tigated cotrimoxazole, which has broad activity, particularly

against systemic and parasitic infections. Furthermore, in our

case, once cotrimoxazole was initiated, it was continued through-

out pregnancy and breast-feeding. We also did not specifically

screen for other common infections believed to be associated

with preterm birth (with the exception of syphilis screening)

and treated only symptomatic infections brought to the atten-

tion of health care providers. Our data suggest that the choice

of antibiotic used may have a larger influence than previously

supposed. The focus on lower genital tract infections and bac-

terial vaginosis may be misplaced. Broader consideration of all

infections during pregnancy may be more productive.

Antenatal clinics are important sites, as they provide an in-

frastructure where HIV-infected women are identified and clin-

ical interventions implemented. Despite concern about its

potential untoward fetal effects, cotrimoxazole has been rec-

ommended for HIV-infected pregnant women on the basis of

a favorable risk-benefit analysis [36]. One of the components

of cotrimoxazole, trimethroprim, is a folate antagonist and has

been associated with congenital malformations [7–9]. Our study

was too small to be informative about birth defects, and women

initiated prophylaxis only in the second trimester. Concern has

also been raised about the use of sulfonamides during later

pregnancy and close to delivery, because they may be associated

with jaundice, hemolytic anemia, and—theoretically but not

yet observed—kernicterus [37]. One child in our study was

hospitalized with neonatal jaundice, and larger studies are

needed to evaluate these outcomes more thoroughly.

The present study has several limitations. Estimates of ges-

tational age relied on self-reported LMP dates, because more

accurate methods (e.g., ultrasound) were not feasible. In light

of comparison with birth weight and fundal height estimates

in our data, it appears that the LMP estimates underestimate

gestation by 2 weeks or more. However, the estimates were

standard across the study population and across time and were

based on interviews conducted at enrollment before any other

outcomes were measured. Gestational age was strongly related

to neonatal mortality in a dose-dependent manner, as expected.

Although there undoubtedly was error, it is unlikely to have

been differential during the 2 time periods. Nondifferential

error tends to reduce the magnitude of associations [38]. Thus,

although the occurrence of preterm birth may be overestimated

in our data, it is unlikely that this affected comparison across

the 2 time periods. Restriction of the analysis to gestation mea-

surements confirmed by fundal height resulted in stronger as-

sociations, strengthening our confidence in the results despite

the known difficulties in measuring gestational age in a low-

resource setting such as this.

Ethical constraints limit the possibility of conducting ran-

domized trials to test the possible effects that interventions,

such as cotrimoxazole, have on neonatal outcomes when their

benefits for maternal health are already proven. One of the few
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ways to investigate the effects of cotrimoxazole is to use his-

torical controls, as we and others have done [39–42]. Women

in the pre- and postcotrimoxazole cohorts came from the same

communities and were enrolled in the same trial, and outcomes

were measured using the same protocol. We had the oppor-

tunity to examine and control for changes in other risk factors

over time. However, the relevant sample size was small, and we

cannot definitively exclude the possibility that other unmeasured

factors changed with time and influenced the outcome. How-

ever, there were no systematic changes to the antenatal care

protocols during this time period. The change in intermittent

presumptive malarial treatment, which occurred earlier than

did the introduction of cotrimoxazole prophylaxis, cannot ex-

plain the observed improvements in infant health. These ob-

servations should be examined in larger studies, particularly

with concomitant use of antiretroviral drugs. As cotrimoxazole

use becomes more widespread, drug resistance, including cross-

resistance to sulfadoxine-pyrimethamine, should be carefully

monitored, because beneficial effects may be reduced. Our data

support existing guidelines recommending cotrimoxazole pro-

phylaxis for HIV-infected pregnant women [6, 10] and add the

possibility that the implementation of these guidelines may have

benefits for newborns in addition to the ones for mothers.
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