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Abstract. The purpose of this prospective cohort study was to assess the effect of cotrimoxazole prophylaxis taken
by human immunodeficiency virus (HIV)-infected persons on the selection of sulfadoxine-pyrimethamine (SP)-resistant
malaria parasites among HIV-uninfected household members. A total of 2,567 HIV-uninfected persons from 605
households were followed and blood specimens were collected each time an episode of Plasmodium falciparum malaria
was diagnosed. Study participants were living in households where HIV-infected persons were either taking (exposed)
or not taking (unexposed) cotrimoxazole prophylaxis. From all malaria episodes diagnosed, 50% of the specimens were
randomly selected and tested for the presence of five key mutations known to mediate resistance to SP (dihydrofolate
reductase [dhfr] Asn-108, Tle-51, and Arg-59, and dihydropteroate synthase [dhps] Gly-437 and Glu-540). Plasmodium
falciparum isolates were recovered from 163 specimens in the exposed households and 113 specimens in the unexposed
households, with similar proportions containing the dhfr triple mutant (37% versus 45%; P = 0.18), the dhps double
mutant (64% versus 62%; P = 0.81), and the dhfr/dhps quintuple mutant (30% versus 32%; P = 0.74). The HIV-
uninfected persons living with HIV-infected household members taking cotrimoxazole prophylaxis had a lower inci-
dence of malaria (incidence rate ratio [IRR] = 0.64, 95% confidence interval [CI] = 0.50-0.83, P = 0.001) and fewer
malaria episodes due to parasites containing the dhfr/dhps quintuple mutant (IRR = 0.61, 95% CI = 0.41-091, P =
0.014). Cotrimoxazole prophylaxis taken by HIV-infected persons did not select for SP-resistant malaria parasites among
HIV-uninfected household members, and was associated with a lower overall incidence of SP-resistant malaria among

household members.

INTRODUCTION

Cotrimoxazole (trimethoprim-sulfamethoxazole) prophy-
laxis reduces morbidity and mortality among persons infected
with human immunodeficiency virus (HIV)."™* In 2000, the
World Health Organization (WHO) and the United Nations
program on HIV/AIDS recommended the use of cotrimox-
azole prophylaxis for HIV-infected patients in Africa with
symptomatic disease or CD4 cell counts < 500 cells/wL.> How-
ever, there has been concern that the widespread use of co-
trimoxazole for prophylaxis might accelerate the spread of
resistance to sulfadoxine-pyrimethamine (SP), another anti-
folate combination that is one of the most widely available
and affordable antimalarials in Africa.®” Sulfadoxine-
pyrimethamine used alone or in combination is the first-line
treatment of uncomplicated malaria in several African coun-
tries and is currently the only recommended drug for the
prevention of malaria in pregnancy.®

Resistance to SP among Plasmodium falciparum is medi-
ated by point mutations that accumulate at several sites in the
dihydrofolate reductase (dhfr) and dihydropteroate synthase
(dhps) genes, resulting in increasing levels of drug resistance
in vitro.” In Africa, clinical failure after treatment with SP
either alone or in combination has been associated with the
dhfr triple mutant (Asn-108 + Ile-51 + Arg-59) and the dhps
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double mutant (Gly-437 + Glu-540).'° Laboratory studies
have shown that P. falciparum isolates with the dhfr triple
mutant have high-level resistance to both trimethoprim and
pyrimethamine.'' However, there are few clinical studies
evaluating whether cotrimoxazole leads to the selection of
parasites resistant to SP. It has been argued that the clinical
benefits of cotrimoxazole prophylaxis among HIV-infected
patients outweigh potential risks related to the selection of SP
resistant parasites.'”> However, concerns that cotrimoxazole
use by HIV-infected patients might increase the spread of
SP-resistant parasites in the community have delayed imple-
mentation of prophylaxis guidelines.

To evaluate the potential association between taking co-
trimoxazole prophylaxis and the spread of SP-resistant ma-
laria, we analyzed data collected during a study of daily co-
trimoxazole prophylaxis among a cohort of HIV-infected per-
sons living in rural Uganda.> During the study, all HIV-
infected and HIV-uninfected household members were fol-
lowed-up with weekly home visits to detect clinical malaria,
and blood specimens were collected on filter paper from each
episode of possible malaria for resistance testing. We evalu-
ated the hypothesis that HIV-uninfected persons residing in
households where HIV-infected household members were
taking cotrimoxazole prophylaxis would have a higher risk of
developing malaria caused by parasites containing molecular
markers of SP resistance than those in households where
HIV-infected household members were not taking co-
trimoxazole.

METHODS

Study participants and clinical study. The study was re-
viewed and approved by the Science and Ethics Committee of
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the Uganda Virus Research Institute, the Uganda National
Council of Science and Technology, and the Institutional Re-
view Board of the CDC.

The cohort and study methods have been described previ-
ously, and are abbreviated below.> During two time periods,
between April and May 2001 and between January and April
2002, we enrolled HIV-infected clients of The AIDS Sup-
port Organization (TASO) and their household members in
Tororo District, eastern Uganda, in a prospective cohort
study. After written informed consent was provided, study
staff visited clients’ homes to conduct a census, obtain in-
formed consent from household members, and administer an
individual, standardized questionnaire. A household was de-
fined as persons who shared their meals and slept in the same
house or cluster of houses for at least five days of the week for
= 3 months before the baseline survey. Households enrolled
in 2001 were followed-up for a period of approximately five
months before HIV-infected participants were given treat-
ment with daily cotrimoxazole (adults, 160 mg of trimetho-
prim/800 mg of sulfamethoxazole; children between 5-12
years of age, 80 mg of trimethoprim/400 mg of sulfamethox-
azole; and children less than five years of age, syrup adjusted
to weight). To increase sample size, a second group of house-
holds were enrolled in 2002 using identical inclusion criteria
and consent procedures. Neither consent for HIV testing nor
receiving test results were requirements for enrollment in the
study, but only persons for whom HIV test results were
known were included in analyses. In this study, we used the
time period when HIV-infected participants from the first
enrollment period were taking cotrimoxazole and HIV-
infected participants from the second enrollment period were
not yet taking cotrimoxazole (Figure 1). This overlap period
allowed us to compare two parallel populations controlling
for any temporal trends.

Households were visited weekly for one year by study staff
who administered a questionnaire to all household members
about their seven-day medical history. In the case of reported
fever, thick and thin blood smears were made and blood was
collected on filter paper. An episode of malaria was defined
as a history of fever in the previous seven days and Plasmodia
detected by thick blood smear. The HIV-uninfected study
participants were not using cotrimoxazole prophylaxis and

1" Enrolment
April-May 2001

were asked not to take the cotrimoxazole given to their HIV-
infected household members. First-line treatment of uncom-
plicated malaria in both HIV-infected and HIV-uninfected
participants was SP and chloroquine per Uganda Ministry of
Health policy guidelines. Severe illness requiring hospitaliza-
tion was treated with quinine.

Given that 113 malaria cases in the exposed group and 163
malaria cases in the unexposed group were available for re-
sistance testing, we estimated that with 80% power, an alpha
error of 0.05 and the prevalence of either dhps double mutant
(Gly-437 + Glu-540) or dhfr triple mutant (Asn-108 + Ile-51 +
Arg-59) of 0.4, we would be able to detect a difference in
prevalence = 8.3% for the dhps double mutant and for the
dhfr triple mutant outcomes.

Laboratory methods. Films for malaria parasites were
treated with Leishman’s stain and parasite counts were mea-
sured per 200 white blood cells. Thin smears were used to
identify Plasmodium species. We randomly selected 50% of
filter paper specimens from all malaria episodes diagnosed to
test for the presence molecular markers of SP resistance. We
assessed for the presence of three mutations in the dhfr gene
(dhfr Asn-108, Tle-51, and Arg-59) and two mutations in the
dhps gene (dhps Gly-437 and Glu-540) commonly found in
east Africa and one mutation in the dhfr gene (Leu-164)
rarely found in Africa, but associated with high-level SP re-
sistance.'® Parasite DNA was isolated from filter paper using
the Chelex extraction method,'* and genotypes were deter-
mined using nested polymerase chain reaction amplification
followed by restriction enzyme digestion and visualization us-
ing gel electrophoresis as previously described.'>'¢ Speci-
mens were classified as wild-type, pure mutant, or mixed
(both mutant and wild-type alleles detected in the same speci-
men).

Statistical methods. Data were entered using Epilnfo (Cen-
ters for Disease Control and Prevention [CDC], Atlanta,
GA)'” and analyzed using STATA (Stata Corporation, Col-
lege Station, TX). We compared the prevalence of mutations
in those exposed and unexposed to cotrimoxazole using the
chi-square test. A Poisson distribution using a log-link func-
tion was used to compare the incidence of malaria episodes
controlling for age, sex, and potential temporal trends asso-
ciated with calendar period. We used rainfall data collected in

HIV-infected household members started
on cotrimoxazole prophylaxis (Aug 2001)

L1

HIV-uninfected persons with HIV-infected household
members taking cotrimoxazole (1319 persons, PY0=1182.2)

‘---------StudyPeriod"--""-———’

HIV-uninfected persons with HIV-infected household
members not taking cotrimoxazole (1248 persons, PY0=907.3)

2™ Enrolment
Jan-Apr 2002

>

End of study
Dec 2002

FIGURE 1. Schematic of study design. HIV = human immunodeficiency virus; PYO = person years of observation.
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the geographic area during 2001 and 2002 to derive calendar
periods that might have higher mosquito populations. Gen-
eralized estimating equation methods with an exchangeable
correlation structure model were used for analysis of repeated
outcome measures among the same individuals. To compare
the incidence of malaria due to parasites containing the dhfr/
dhps quintuple mutant, we first applied the proportions de-
rived from the specimens tested for mutation to the whole
study population. We then used the hotdeck imputation
method'® to correct for missing mutation results. Variables
with a significance level of 0.05 were included in the final
model.

RESULTS

Characteristics of study participants. Between January and
December 2002, 1,319 HIV-uninfected participants were fol-
lowed-up for 1,182.2 person years in 320 households in which
cotrimoxazole prophylaxis was administered to at least one
HIV-infected household member and 1,248 HIV-uninfected
study participants were followed-up for 907.3 person years in
285 households with HIV-infected household members who
were not receiving cotrimoxazole (Figure 1). The HIV-
uninfected household members exposed and unexposed to
household cotrimoxazole use were similar in terms of median
age (11 versus 10 years) and the proportion that were female
(53% versus 49%). In both groups, the median number of
HIV-infected and uninfected persons in a household was one
and three, respectively.

Prevalence of molecular markers of SP resistance. Of the
224 episodes of malaria diagnosed among HIV-uninfected pa-
tients exposed to household cotrimoxazole use, 113 (50%)
filter paper specimens were randomly selected for molecular
analysis and 105 (93%) were successfully assayed for all mu-
tations tested. Of the 323 episodes of malaria diagnosed
among HIV-uninfected persons not exposed to household
cotrimoxazole use, 163 (50%) filter paper specimens were
randomly selected for molecular analysis and 146 (90%) were
successfully assayed for all mutations tested. None of the
specimens contained the dhfr Leu-164 mutation. The dhfr
Asn-108 and Ile-51 mutations were virtually ubiquitous in
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both groups, with 100% and 94% of samples containing pure
mutants, respectively. The prevalence of the dhfr Arg-59 pure
mutant was less common (41% overall), consistent with the
stepwise progression of dhfr mutations, with Arg-59 occurring
after Asn-108 and Ile-51. Considering only samples with pure
mutants, the prevalence of the dhfr triple mutant (Asn-108 +
Tle-51 + Arg-59) was similar in samples from HIV-uninfected
patients with malaria living in households either unexposed or
exposed to cotrimoxazole prophylaxis (45% versus 37%, P =
0.18) (Figure 2). The dhps Gly-437 and Glu-540 mutations
were highly concordant, with 99% of samples having either
both mutations or neither. The prevalence of the dhps double
mutant (Gly-437 + Glu-540) was similar in samples from
HIV-uninfected patients with malaria living in households ei-
ther unexposed or exposed to cotrimoxazole prophylaxis
(62% versus 64%, P = 0.81) (Figure 2). Considering all five
mutations, the prevalence of the quintuple mutant was similar
in samples from HIV-uninfected patients with malaria living
in households unexposed and exposed to cotrimoxazole pro-
phylaxis (32% versus 30%, P = 0.74) (Figure 2). Similar
results were obtained when samples that were either mixed or
pure mutants, rather than only pure mutants, were consid-
ered.

Incidence of malaria. The incidence of malaria during the
study period was lower in HIV-uninfected household mem-
bers staying in households with HIV-infected persons on co-
trimoxazole prophylaxis, compared with those without cotri-
moxazole exposure (incidence rate ratio [[IRR] = 0.64, 95%
confidence interval [CI] = 0.50-0.88). When we repeated the
analysis considering only episodes of malaria that occurred
more than 28 days apart (to reduce the effect of recrudescent
clinical malaria due to treatment failure), similar results were
obtained (IRR = 0.68, 95% CI 0.54-0.85). Age was a
strong independent predictor for clinical malaria, with HIV-
uninfected children less than five years of age having a higher
rate of malaria than those = 5 years of age (IRR = 11.8,95%
CI = 9.3-15.0). However, the decreased incidence of malaria
among HIV-uninfected household members exposed to co-
trimoxazole was consistent across both age groups (Table 1).

To estimate the incidence of malaria due to SP-resistant
parasites, we multiplied the prevalence of molecular markers

O Exposed to persons on cotrimoxazole
H Not exposed to persons on cotrimoxazole

70% -

62%

64%

60%
50%
40%
30%
20% -
10% -

45%

37%

Prevalence of mutations

32%  30%

0% T
dhfr triple mutant

dhps double mutant

dhfr/dhps quintuple
mutant

FIGURE 2. Proportion of specimens with molecular results containing dihydrofolate reductase (dhfr) and dihydroptroate synthase (dhps)
mutations from human immunodeficiency virus (HIV)-uninfected patients with Plasmodium falciparum malaria in households where HIV-
infected household members were taking or not taking cotrimoxazole prophylaxis.
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TABLE 1

Incidence of malaria in human immunodeficiency virus (HIV)-uninfected persons living in households with HIV-infected household members

taking or not taking cotrimoxazole prophylaxis*

Households with
HIV-infected

Households with
HIV-infected
persons

persons taking not taking
cotrimoxazole cotrimoxazole
prophylaxis prophylaxis
Incidence rate
Rate per Rate per ratio (95% CI)
Years of 100 person- Years of 100 person- Cotrimoxazole:
Clinical episode No. follow-up years No. follow-up years no cotrimoxazole P
Any episode of malaria 224 1,182.2 18.9 323 907.3 35.6 0.64 (0.50-0.83) 0.001
<5 years 163 190.9 85.4 222 149.6 148.4 0.68 (0.49-0.93)F 0.017
= 5 years 61 991.3 6.2 101 757.7 13.3 0.54 (0.37-0.80)F 0.002
Episodes of malaria due to mutant
parasites (crude results)#
dhfr triple mutant 83 - 7.0 145 - 16.0 0.44 (0.33-0.58) <0.001
dhps double mutant 143 - 12.1 200 - 22.0 0.55 (0.44-0.68) <0.001
dhps/dhfr quintuple mutant 67 - 5.7 103 - 11.4 0.50 (0.36-0.69) <0.001
Episodes of malaria due to mutant
parasites (imputed results)§
dhfr triple mutant 84 - 71 133 - 14.7 0.49 (0.34-0.69)F <0.001
dhps double mutant 145 - 12.3 215 - 23.7 0.67 (0.49-0.92)F 0.014
dhps/dhfr quintuple mutant 75 - 6.3 97 - 10.7 0.61 (0.41-0.91)7 0.014

*dhfr = dihydrofolate reductase; dhps = dihydropteroate synthase.
+ Analyses adjusted for age, sex, and season.

1 Using proportions of each mutation type in specimens tested for resistance to estimate the number of resistant malaria episodes in the whole population.

§ Using the hotdeck imputation methods to assign mutation status for missing resistance data.

of SP resistance and the incidence of all episodes of malaria.
The resulting crude IRR estimates for episodes due to the
dhfr triple, dhps double, and dhps/dhfr quintuple mutants
were 0.44, 0.55, and 0.50, respectively (Table 1). To account
for missing data on molecular markers of SP resistance, we
repeated the analysis using imputation to reconstruct a com-
plete dataset based on a covariate structure that considered
gender, age and calendar period. The HIV-uninfected house-
hold members in a household using cotrimoxazole prophy-
laxis had a decreased incidence of malaria due to parasites
containing the dhps double mutant (IRR = 0.67,95% CI =
0.49-0.92, P = 0.014), the dhf triple mutant (IRR = 0.49,
95% CI = 0.34-0.69, P < 0.001), and the dhfr/dhps quintuple
mutant (IRR = 0.61,95% CI = 0.41-0.91, P = 0.014). Age
and season were independent predictors for clinical malaria.

DISCUSSION

We compared episodes of malaria among HIV-uninfected
individuals living with HIV-infected household members tak-
ing or not taking cotrimoxazole prophylaxis. There was no
difference in the proportion of malaria episodes caused by
SP-resistant parasites in these two groups. Furthermore, those
exposed to a household member taking cotrimoxazole pro-
phylaxis had a lower incidence of malaria and a lower overall
incidence of infections with SP-resistant parasites compared
with those who were not exposed. These findings allay pre-
vious concerns that widespread use of cotrimoxazole prophy-
laxis might contribute to the spread of malaria parasites re-
sistant to SP in Africa.'!

The efficacy of cotrimoxazole prophylaxis in preventing
morbidity and mortality among Africans with HIV infection
has been well documented.!>!° There is concern, however,
that malaria parasites will develop cross-resistance between
cotrimoxazole and SP due to the similarities in the modes of
action of these two drugs. Cotrimoxazole and SP are both

antifolates, with components that inhibit dhfr (trimethoprim
and pyrimethamine, respectively) and dhps (sulfamethoxa-
zole and sulfadoxine, respectively). An in vitro study demon-
strated significant cross-resistance between trimethoprim and
pyrimethamine in laboratory isolates containing the dhfr
triple mutation commonly found in Africa.'’ However, it is
not clear whether significant cross resistance between cotri-
moxazole and SP occurs in vivo. In a clinical study from
Uganda, children with uncomplicated malaria who failed
treatment with cotrimoxazole paradoxically selected for the
dhfr 108 wild-type allele.?® In another study of children with
malaria, the presence of SP-resistance conferring mutations
was not linked to cotrimoxazole resistance in Escherichia coli
stool isolates, although measures of resistance were high for
both drugs.*!

In our study, there was no evidence that cotrimoxazole
prophylaxis lead to the spread of SP-resistant malaria para-
sites among household members not taking the drug. In the
context of documented in vitro cross-resistance between co-
trimoxazole and SP, why is there no in vivo selection of cross-
resistant parasites by cotrimoxazole? It may be that cotrimox-
azole does select for SP-resistant parasites, but that our pe-
riod of observation was not long enough to capture this effect
on the surrounding community. Alternatively, the spread of
resistant parasites through the community may have occurred
so rapidly that we were unable to detect a difference between
households exposed and unexposed to cotrimoxazole. How-
ever, this explanation seems unlikely given the wide geo-
graphic dispersion of households in our rural setting. In ad-
dition, the possibility that SP-resistant malaria parasites arose
in both the exposed and the unexposed groups due to con-
tamination by mosquitoes crossing to unexposed households
is very unlikely given that malaria incidence in general was
less in the exposed group.

Despite the lack of evidence that cotrimoxazole prophy-
laxis contributes to the spread of malaria parasites resistant to
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SP, the prevalence of molecular markers of SP resistance in
our study population was very high. A recent study reported
that SP-resistant parasites have spread rapidly across south-
ern and eastern Africa from a few common ancestral clones.?
Our study was conducted during a period when Uganda
switched from chloroquine to a combination of chloroquine
plus SP as the recommended first-line treatment of uncom-
plicated malaria. It is unknown whether increasing use of SP
in our community contributed to the high prevalence of SP-
resistant parasites. From our results, one may infer that in a
region with existing high-level resistance, such as Uganda,
factors other than cotrimoxazole use in the community are
primarily responsible for the selection and spread of SP-
resistant parasites.

In addition to our observation that cotrimoxazole did not
lead to resistance selection, we found that it offered the ben-
efit of a reduced incidence of malaria among HIV-uninfected
persons living in households exposed to cotrimoxazole. Con-
sidering high levels of SP resistance in this population, why
might prophylaxis effectively prevent malaria? This effect
may be seen because there is limited clinically relevant cross-
resistance between the two medications, or because the anti-
microbial effect needed to prevent an infection is less than
that required to treat a clinical episode of malaria.”

Cotrimoxazole prophylaxis by HIV-infected individuals
was not associated with an increased prevalence of SP-
resistant parasites among HIV-uninfected household mem-
bers. Since cotrimoxazole prophylaxis reduces malaria and
improves survival for HIV-infected persons in sub-Saharan
Africa, the implementation of prophylaxis in this population
should not be delayed because of theoretical concerns regard-
ing the selection of SP-resistant malaria parasites.
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