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Abstract

Background—Trimethoprim-sulfamethoxazole (TS) prophylaxis is recommended for persons
living with human immunodeficiency virus infection and acquired immunodeficiency syndrome in
Africa. TS and the antimalarial combination sulfadoxine-pyrimethamine (SP) share mechanisms of
action and resistance patterns, and concerns about the impact of TS resistance on SP efficacy have
contributed to reluctance to implement TS prophylaxis in Africa.

Methods—To determine whether TS prophylaxis impairs SP efficacy for treatment of
uncomplicated falciparum malaria, we conducted a randomized, controlled, open-label study of TS
prophylaxis. Two hundred and forty children 5-15 years old were randomized in a 2:1 fashion to
receive either thrice-weekly TS for 12 weeks or no prophylaxis and were treated with SP for
subsequent episodes of malaria. The incidence of malaria, SP efficacy, and the prevalence of parasite
mutations that confer antifolate drug resistance were measured.

Results—TS prophylaxis had a 99.5% protective efficacy against episodes of clinical malaria, with
97% efficacy against infection. Four SP treatment failures occurred in the control group, and none
occurred in the TS group. No evidence was seen for selection by TS of antifolate resistance—
conferring mutations in parasite dihydrofolate reductase or dihydropteroate synthase during
subclinical infections.

Conclusions—In this setting of low antifolate resistance, TS was highly effective in preventing
falciparum malaria infection and disease and did not appear to select for SP-resistant parasites.

In 2004, 2.3 million Africans died of HIV/AIDS and 3.1 million acquired HIV infection,
bringing the number of persons living with HIV/AIDS in Africa to >25 million [1]. Despite
recent progress, antiretroviral therapy remains out of reach for most Africans living with HIV/
AIDS. In Cote D’lvoire, trimethoprim-sulfamethoxazole (TS) prophylaxis reduced morbidity
in persons with stage 2 or 3 HIV/AIDS and mortality in persons with both HIV/AIDS and
tuberculosis [2,3], leading UNAIDS to recommend TS prophylaxis for (1) HIV-infected adults
and children in Africa who either are symptomatic or are asymptomatic with a CD4 cell count
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<500/mm3 and (2) infants born to HIV-infected mothers [4]. More-recent studies in Uganda
and Zambia found that TS prophylaxis provided benefit [5,6].

Trimethoprim and pyrimethamine bind and inhibit dihydrofolate reductase (DHFR), and
sulfamethoxazole and sulfadoxine target dihydropteroate synthase(DHPS). Cross-resistance
exists between trimethoprim and pyrimethamine and between sulfamethoxazole and
sulfadoxine [7-12], raising the possibility that use of TS prophylaxis in areas where malaria
is endemic would select for Plasmodium falciparum DHFR and DHPS mutations that confer
resistance to the antimalarial combination sulfadoxine-pyrimethamine (SP). Prophylaxis with
pyrimethamine was strongly and rapidly selective for DHFR mutations in children living in
rural areas in Mali [13]. If similar selection occurs with TS prophylaxis, it could accelerate the
development of resistance to SP and other antifolate antimalarials in areas where HIV infection
and malaria are both highly prevalent.

Although malaria-treatment policies are increasingly recommending newer combination
therapies, SP will continue to be used widely in Africa unless and until more-expensive
combination therapies are made universally available. SP is also recommended for intermittent
preventive treatment during pregnancy and infancy, even in the face of the moderate resistance
found in Africa [14,15]. The widespread use of TS prophylaxis in areas where malaria is highly
prevalent might hasten the spread of SP resistance and introduce resistance to other promising
antifolate antimalarials that are under development. More importantly, HIV-infected persons
receiving TS prophylaxis may be more likely to fail SP treatment when they contract malaria.
If so, drugs other than SP will need to be used to treat persons receiving TS prophylaxis who
develop malaria. Concerns about the impact of TS resistance on SP efficacy have contributed
to reluctance to implement TS prophylaxis in Africa.

PARTICIPANTS, MATERIALS, AND METHODS

Participants

The present study was conducted at the Bandiagara Malaria Project clinical research facility
in Bandiagara, Mali, from September through December 2000. Bandiagara is a town of 13,600
persons and is located on a semiarid plateau ~600 km northeast of Bamako, the capital city.
Transmission of malaria is seasonal but intense, with peak transmission occurring during the
rainy season (July—October); ~2 episodes of clinical malaria occur per child each year [16].
HIV sero-prevalence studies have not been conducted at this site, but the overall prevalence
of HIV infection in Mali is reported to be <2%, and our clinical experience at this rural site is
consistent with very low rates of HIV infection in children.

Children 5-15 years old who were enrolled in an ongoing cohort study of the incidence of
malaria were eligible for inclusion. Exclusion criteria included planned travel outside of the
study area, severe acute or chronic illness, pregnancy, allergy to sulfa drugs (including TS or
SP), use of SP during the preceding 28 days, and use of chloroquine, TS, or other sulfa drugs
during the preceding 7 days.

Sample sizes

Sample sizes of 160 in the TS group and 80 in the control group were chosen, to permit detection
of a difference in SP resistance of 5% versus 20% (control group vs. TS group, respectively)
with 80% power (evaluated at 2-tailed P =.05 by Fisher’s exact test [Epilnfo 6; Centers for
Disease Control and Prevention]) with up to 22.5% losses to follow-up.
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Objectives and outcomes

The primary objective was to test the hypothesis that TS prophylaxis decreases the efficacy of
SP treatment of P. falciparum infection. The secondary objectives were to test the hypothesis
that TS prophylaxis selects for resistance-conferring mutations in P. falciparum DHFR and
DHPS and to measure the prophylactic efficacy of TS, calculated using the formulaE =1 —
(Rts/Rc), where Rt and R¢ are the rates of episodes of clinical malaria and asymptomatic
infection in the TS and control groups, respectively. The primary outcome was the therapeutic
efficacy of SP, as defined in the standard World Health Organization (WHO) protocol [17].
The secondary outcomes included the prevalence of resistance-conferring mutations; time to
first episode of clinical malaria; incidences of anemia, gastrointestinal illness, and respiratory
illness; use of all prescription medicines; use of antibiotics; and change in hemoglobin level.

Treatment allocation and study intervention

Children were randomized in a 2:1 fashion to receive either TS prophylaxis or no prophylaxis.
The choice of a prophylaxis:no prophylaxis ratio of 2:1 was based on an estimated TS
prophylactic efficacy of 50%, which was, in turn, based on the relatively poor efficacy of TS
as a treatment for malaria in other settings [18]. No data on the antimalarial efficacy of TS in
Mali were available. In accordance with a standard prophylactic regimen that is recommended
by the American Academy of Pediatrics, trimethoprim (150 mg/m? of body surface area) and
sulfamethoxazole (750 mg/m? of body surface area) were administered as a single dose on 3
consecutive days each week for 12 weeks. Thrice-weekly dosing was chosen to maximize the
possibility of detecting the selection of antifolate-resistant P. falciparum. Trained personnel
directly observed the administration of TS and monitored each child for 30 min after TS was
taken. If a child vomited during the period of observation, a repeat dose of TS was given.

Once a week, a study physician evaluated each child. Any child who had symptoms consistent
with malaria, an axillary temperature >37.5°C, profound anemia, or jaundice was given a full
assessment, including a malaria blood smear and measurement of hemoglobin level. At
enrollment and once a month thereafter, a filter-paper blood sample was obtained from each
child, and malaria blood smears (thick and thin) were prepared. If symptoms were present,
blood smears were read contemporaneously; if no symptoms were present, blood smears were
read at the conclusion of the study. Study physicians were continuously available to evaluate
any medical complaints. After treatment of malaria with SP, treatment response was assessed
ondays1,2,3,7,14,21,and 28 after treatment, in accordance with the standard WHO protocol
[17].

Definitions, diagnoses, and treatment of malaria and other infectious diseases

Uncomplicated malaria was defined as any level of parasitemia accompanied by signs or
symptoms consistent with malaria that either led to the seeking of treatment or were reported
during the weekly follow-up visits. These signs and symptoms included fever at the time of
evaluation (axillary temperature >37.5°C), conjunctival or palmar pallor, jaundice, report of
fever during the previous 2 days, lassitude, headache, body aches, cough, diarrhea, and
abdominal pain. This broad definition was chosen to reflect actual treatment practices. Severe
malaria was defined according to a WHO protocol [19].

Thick blood smears were prepared from 1-2 drops of blood that were obtained by digital
puncture. After staining with Field stain, the smears were allowed to air dry. Parasitemia was
determined by counting the number of parasites per 300 leukocytes and then multiplying this
number by 25, to create an estimate of the parasite count per cubic milliliter on the basis of an
assumed leukocyte count of 7500 cells/mms3.
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Uncomplicated malaria was treated with SP (one-fourth of a tablet/5 kg of weight for children
<12yearsold, and 3 tablets for children >12 years old [1 tablet equaled 25 mg of pyrimethamine
and 500 mg of sulfadoxine]). After administration, children were monitored for 60 min for
adverse reactions and vomiting. If vomiting occurred within 30 min, the full dose of SP was
repeated; if vomiting occurred between 30 and 60 min, one-half of the dose was repeated. When
SP treatment was administered to a child receiving TS prophylaxis, the prophylaxis was
stopped for 1 week after SP treatment. Severe malaria was treated with intravenous quinine
and parenteral SP [19]. SP treatment outcomes were defined as adequate clinical and
parasitological response, late parasitological failure, late clinical failure, and early treatment
failure, in accordance with the standard WHO protocol [17]. Children with persistent symptoms
of malaria and/or parasitemia after SP treatment were promptly evaluated by a study physician,
and children who experienced treatment failure were treated with chloroquine. At the time of
the study, chloroguine was the official first-line drug for uncomplicated falciparum malaria in
Mali and retained good efficacy [20].

Gastrointestinal and respiratory illnesses were diagnosed on the basis of the presence of clinical
signs and symptoms supporting these syndromes and the absence of P. falciparum infection
as determined by thick blood smear. For gastrointestinal illness, signs and symptoms included
diarrhea, bloody diarrhea, vomiting, and abdominal pain; for respiratory illness, signs and
symptoms included cough, rhinitis, tachypnea, and an auscultatory finding suggestive of
bronchitis or pneumonia. Further gastrointestinal or respiratory signs and symptoms occurring
over the next 7 days of follow-up were considered to be part of the initial illness. If malaria
was detected during follow-up, the presenting symptoms were attributed to malaria and not
gastrointestinal or respiratory illness. Children who received a diagnosis of a bacterial infection
were treated with an appropriate nonsulfa antibiotic.

Data management and statistical methods

Data were double-entered into a FileMaker Pro (version 5.0) database. Duplicate entries were
reconciled, and the data were then exported to SPSS (version 10.1.0; SPSS) for analysis. Means,
SDs, and medians were calculated for continuous variables. Student’s t test was used to
compare means for continuous variables, and either the 2 test or Fisher’s exact test was used
to compare proportions for categorical variables. All statistical tests were 2-tailed; P < .05 was
considered to be statistically significant.

We calculated the incidence of episodes of clinical malaria in the TS and control groups as the
number of episodes per person-week of follow-up and expressed these results as a rate ratio
(RR). Other RRs (for gastrointestinal illness, respiratory illness, use of all prescription
medicines, and use of antibiotics) were calculated similarly. Children who received SP for
malaria were considered to not be at risk for P. falciparum reinfection for 28 days after SP
treatment [21]. The mean change in hemoglobin level was calculated by subtracting the initial
hemoglobin level from the final hemoglobin level; means were compared by the paired-
samples Student’s t test. Time to first episode of clinical malaria was estimated by Kaplan-
Meier analysis, with a log-rank test to compare the distribution of malaria-free time.

Molecular analyses

All molecular analyses were performed at the Malaria Research and Training Center in Mali.
For quality control, a subset of samples were reanalyzed at the University of Maryland. Parasite
DNA was extracted from filter-paper blood samples, and the prevalence of SP resistance—
conferring DHFR and DHPS point mutations was determined by nested polymerase chain
reaction (PCR), as described elsewhere [22,23]. DHFR serine—asparagine 108,
asparagine—isoleucine 51, and cysteine—arginine 59 mutations and DHPS alanine—glycine
437 and lysine—glutamic acid 540 mutations were determined. Because malarial parasites
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may be present at levels that are undetectable by light microscopy, microscopy negative as
well as positive samples were analyzed by PCR. The prevalences of point mutations were
compared between pre— and post-TS prophylaxis samples.

Ethics review and informed consent

RESULTS

Participants

SP efficacy

The study protocol was reviewed and approved by the institutional review boards of the Faculty
of Medicine, University of Mali, and the University of Maryland, Baltimore. Written, informed
consent was obtained from the parents or guardians of the study participants.

The characteristics of the study participants at enrollment are shown in table 1. Enroliment
took place in September 2000, and follow-up was from late September through December
2000. Fifty-six percent of the TS group and 50% of the control group were female. The mean
age in both groups was 10 years. At enrollment, there were no significant differences in weight,
height, axillary temperature, and hemoglobin level between the 2 groups. Twenty percent of
the TS group and 16% of the control group had blood smears that were positive for P.
falciparum at enrollment. Approximately 80% of the children in both groups had used such
protective measures as impregnated bed nets or mosquito coils during the previous week. Of
the 160 children assigned to receive TS and the 80 assigned to receive no prophylaxis, 157 and
77, respectively, completed follow-up and were analyzed on a per-protocol basis for the
primary outcome.

The single episode of clinical malaria in the TS group occurred in a child who had an adequate
clinical and parasitological response to SP treatment. In the control group, 5 episodes of clinical
malaria occurred in children who had a parasitemia of >100,000 parasites/mm?3 and were
treated with SP and parenteral quinine, and 1 episode occurred in a child who was infected
with multiple parasite species, including P. falciparum and P. malariae. Among the remaining
66 episodes, 3 instances of SP failure occurred (4.5%): 1 instance each of early treatment failure
and late parasitological failure after 2 separate episodes in the same child and 1 instance of late
clinical failure. With just 1 episode of clinical malaria occurring in the TS group, meaningful
comparison of SP efficacy, the primary outcome, between the TS and control groups was not
possible.

Prophylactic efficacy

The mean follow-up times were 11.8 weeks in the TS group and 11.7 weeks in the control
group (table 2). Three children in each group were lost to follow-up. Among the remaining
234 children, there was just 1 episode of clinical malaria during 1890 person-weeks of follow-
up in the TS group, and there were 72 episodes during 681 person-weeks of follow-up in the
control group. The 72 episodes in the control group consisted of a single episode in 43 children,
2 episodes in 13 children, and 3 episodes in 1 child. The prophylactic efficacy of TS against
uncomplicated malaria was 99.5% (95% confidence interval [CI], 96%—-100%) (P < .001).
Figure 1 shows the Kaplan-Meier curves for time to the first episode of clinical malaria in the
TS and control groups. The time to the first episode was shorter in the control group (P <.001)
than in the TS group. Asymptomatic P. falciparum infections were found for 3 of 466 blood
smears in the TS group and for 43 of 231 blood smears in the control group, an efficacy of
97% (95% ClI, 89%—-99%) (P < .001).
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The TS group experienced fewer gastrointestinal illnesses (RR, 0.68) and used fewer
prescription medicines (RR, 0.70) than did the control group. No difference in the incidence
of respiratory illnesses or use of antibiotics was found. The TS group had a mean increase in
hemoglobin level of 0.97 g/dL from enrollment to study conclusion, whereas the control group
had a mean increase of 0.42 g/dL (P <.01). As determined by monthly surveys, fewer children
in the TS group had anemia (hemoglobin level <10 g/dL), compared with the control group
(RR, 0.53). During the malaria season of the following year, there was no difference in the
incidence of episodes of clinical malaria between the TS and control groups (data not shown).

Adverse events

One serious adverse event occurred—a 6-year-old boy developed acute hepatitis 3 days after
starting TS prophylaxis. Serological analysis showed evidence of past infection with hepatitis
Avirus and equivocal evidence of past or recent infection with hepatitis B virus. TS prophylaxis
was stopped, and the acute hepatitis resolved without sequelae.

Resistance mutations

For infections detected by microscopy at the time of enrollment, the baseline prevalences of
DHFR mutations were 13.6% (n = 66), 28.8% (n = 66), and 33.3% (n = 66) for codons 51, 59,
and 108, respectively, and the baseline prevalences of DHPS mutations were 59.1% (n = 66)
and 0% (n = 66) for codons 437 and 540, respectively (figure 2). The prevalences of the DHFR
triple mutant and the DHFR/DHPS quadruple mutant were both 13.6% (n = 66), because all
DHFR triple mutants also carried the DHPS 437 mutation.

Parasite DHFR and DHPS were successfully amplified from 45 of 90 microscopy-negative
samples obtained from children in the TS group during active surveillance 1 month after the
start of TS prophylaxis. The prevalences of DHFR mutations in these parasites detected in
children receiving TS were 13.3%, 15.6%, and 17.8% for codons 51, 59, and 108, respectively,
and the prevalences of DHPS mutations were 37.8% and 0% for codons 437 and 540,
respectively. The prevalences of both the DHFR triple mutant and DHFR/DHPS quadruple
mutant were again identical (13.3%; n = 45). The prevalences of DHFR mutations at codons
51, 59, and 108 were not significantly different between baseline and after 1 month of TS
prophylaxis. However, the prevalence of the DHPS mutation at codon 437 was lower after 1
month of TS prophylaxis (P = .027). PCR amplification was unsuccessful for nearly all filter-
paper blood samples collected during the surveys conducted after 2, 3, and 4 months of TS
prophylaxis, despite successful amplification of positive controls.

DISCUSSION

In the present study, TS was found to be a highly effective prophylactic agent against
falciparum malaria infection and disease. A single dose of TS given for 3 consecutive days
each week for 12 weeks reduced the incidence of uncomplicated falciparum malaria by 99.5%
and reduced the monthly prevalence of asymptomatic microscopy-confirmed P. falciparum
infection by 97%. Such high prophylactic efficacy of TS was unexpected. Antifolate-resistant
P. falciparum was more common in most other African settings than in Mali in 2000 [23-
25], and TS should not be relied on for antimalarial prophylaxis in nonimmune travelers or
others.

Our study was conducted in healthy children in an area with very low rates of HIV infection.
Although the antimalarialefficacy of TS prophylaxis might have been lower in HIV-infected
children, studies of TS prophylaxis in people living with HIV/AIDS in areas with low [3] and
moderate [5] levels of SP resistance have reported good efficacy against malaria, although not
as high as we saw in the present study. In Lusaka, Zambia, where the incidence of malaria is
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low and the level of SP resistance is relatively high, TS prophylaxis did not prevent malaria

[6].

The ability to detect an impact of TS prophylaxis on SP efficacy may have been limited by the
duration of our study, in that antifolate-resistant parasites might have been selected for under
more-prolonged drug pressure. However, studies of pyrimethamine prophylaxis have shown
that antifolate-resistant parasites emerge within days to weeks of starting prophylaxis [23,
26]. The most highly antifolate-resistant forms of the parasite have recently been shown to
share common ancestry in several East African countries as well as in Southeast Asia and South
America, supporting the idea that highly antifolate-resistant DHFR and DHPS genotypes of
P. falciparum do not arise de novo in response to drug pressure but rather are introduced from
the outside [27,28]. Nonetheless, this would not explain the lack of selection for the DHFR
triple mutant or the DHFR/DHPS quadruple mutant under TS prophylaxis—these were already
present in the study population but did not increase in frequency after the start of TS
prophylaxis.

Most of the antifolate resistance—conferring mutations were less frequent in microscopy-
negative samples after the start of TS prophylaxis then they were at baseline. This result should
be interpreted with caution, both because of the lack of statistical significance and because the
post-TS prophylaxis samples, in contrast to the baseline samples, corresponded to
asymptomatic children with no P. falciparum infection detectable by microscopy. Appropriate
controls were run and assays were repeated by separate workers, to rule out PCR contamination.
Similar rates of successful PCR amplification of different target sequences from microscopy-
negative samples have been observed in subsequent studies at this site (authors” unpublished
data).

The failure to detect selection for DHFR and DHPS mutations does not imply different
mechanisms of resistance for TS and SP. Although we have previously shown that
pyrimethamine prophylaxis [13] and SP treatment [23] select for DHFR mutations in Mali, it
is possible that trimethoprim, with its much shorter half-life and frequent dosing, does not
provide as much selection pressure over the short term as is seen with the much longer acting
pyrimethamine when it is administered as a single or weekly dose.

TS prophylaxis reduced the incidence of gastrointestinal illness by >30%. This may reflect
decreased infection with enteric bacteria, such as nontyphoid Salmonella species, and/or
parasites that are susceptible to TS, such as Isospora species [29]. Children receiving TS
prophylaxis had a slightly greater increase in hemoglobin level than did those not receiving
TS, although anemia was uncommon in both groups. This likely reflects the decreased
incidence of falciparum malaria infection and disease in the TS group. Although the preventive
efficacy against malaria, anemia, and gastrointestinal disease do not warrant consideration of
routine TS prophylaxis for healthy children, these benefits mitigate concerns about TS use in
HIV-exposed children whose HIV status is not yet known.

The present study was not able to assess the impact of TS prophylaxis on SP efficacy for
treatment of falciparum malaria, because of the unexpected lack of prophylaxis failures in the
TS group. Despite its compromised efficacy, SP continues to be commonly used for treatment
of falciparum malaria and for intermittent preventive treatment of pregnant women and infants,
and it is a component of combination therapies being considered or implemented in some
countries. Although policies have changed from recommending SP to recommending newer
combination therapies, obstacles to universal access remain [30], and SP will continue to be
relied on to some degree for the foreseeable future, particularly in the most resource-poor
settings. Studies of SP efficacy in persons receiving TS prophylaxis are needed in areas with
moderate levels of antifolate resistance. Until such studies are conducted, SP should be used
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to treat persons receiving TS prophylaxis who develop malaria only with caution, vigilance
for high failure rates should be maintained, and alternative treatments, such as newer
combination therapies [31], should be used if they are available. The potential for adverse
reactions, in particular to sulfa drugs, also favors avoiding the use of SP in persons receiving
TS prophylaxis. In light of the results of the present study and the clear evidence that TS
prophylaxis prevents death in persons living with HIV/AIDS in a variety of African settings,
it is evident that concerns about the spread of SP resistance do not justify further delays in the
implementation of TS prophylaxis.
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Figure 1.
Kaplan-Meier curves showing time to first episode of clinical malaria. TS, trimethoprim-
sulfamethoxazole.
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Figure 2.

Prevalences of dihydrofolate reductase (DHFR) and dihydropteroate synthase (DHPS)
mutations in Plasmodium falciparum parasites infecting the children in the trimethoprim-
sulfamethoxazole (TS) group at baseline (microscopy-positive asymptomatic infections) and
after 1 month of TS prophylaxis (microscopy-negative, polymerase chain reaction—positive
asymptomatic infections).
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Characteristics of the study participants at enrollment.
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TS group Control group

Characteristic (n =160) (n=280) P

Female 90 (56) 40 (50) 36
Age, mean * SD, years 10+£2.9 10 £2.8 .69
Weight, mean + SD, kg 26+9 2547 74
Height, mean + SD, cm 130+ 15 130 £16 .84
Axillary temperature, mean + SD, °C 36.4+05 36.4+0.4 .35
Hemoglobin level, mean + SD, g/dL 119+13 12.1+13 .30
Microscopy positive for Plasmodium falciparum 32 (20) 13 (16) 46
Parasitemia, mean + SD, parasites/mm3 127 + 303 73 +56 53
Use of protective measures during previous week? 128 (80) 65 (81) 82

NOTE. Data are no. (%) of children, unless otherwise noted. TS, trimethoprim-sulfamethoxazole.

a . . .
Such as impregnated bed nets or mosquito coils.
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Health indicators in the study participants receiving trimethoprim-sulfamethoxazole (TS) prophylaxis or no prophylaxis

(the control group).

TS group Control group
Indicator (n=157) (n=77) RR (95% CI) P
Episodes of clinical malaria 1/1890 (0.1) 72/681 (10.6) 0.005 (0.00-0.04) <.001
Asymptomatic parasitemia during 3/466 (0.6) 43/231 (18.6) 0.03 (0.01-0.11) <.001
monthly surveysa
Gastrointestinal illness 68/1894 (3.6) 49/933 (5.3) 0.68 (0.47-0.99) .04
Respiratory illness 78/1894 (4.1) 37/933 (4.0) 1.04 (0.70-1.54) 17
Use of all prescription medicines 125/1894 (6.6) 88/933 (9.4) 0.70 (0.53-0.92) .01
Use of antibiotics 11/1894 (0.6) 8/933 (0.9) 0.68 (0.27-1.69) 4
Increase in hemoglobin level, g/dL 0.97 0.42 .004
Anemia during monthly surveys® 20/471 (4.2) 18/224 (8.0) 0.53 (0.29-0.98) 04

NOTE. Data are no. (%) of events/person-weeks of follow-up, unless otherwise noted. CI, confidence interval; RR, rate ratio.

aDefined as a hemoglobin level <10 g/dL; includes results from surveys conducted 1, 2, and 3 months after the start of TS prophylaxis.
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