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Abstract. Artemisinin-based combination therapies (ACTs) and trimethoprim-sulfamethoxazole (TS) prophylaxis
are important tools for malaria control, but there are concerns about their effect on gametocytes, the stage of the parasite
responsible for transmission. We conducted a longitudinal clinical trial in a cohort of HIV-infected and uninfected
children living in an area of high malaria transmission intensity in Uganda. Study participants were randomized to
artemether-lumefantrine (AL) or dihydroartemisinin-piperaquine (DP) for all treatments of uncomplicated malaria
(N = 4,380) as well as TS prophylaxis for different durations. The risks of gametocytemia detected by microscopy in the
28 days after antimalarial therapy were compared using multivariate analyses. The risk of gametocyte detection was
significantly higher in patients treated with DP compared with AL (adjusted relative risk = 1.85, P < 0.001) and among
children prescribed TS prophylaxis (adjusted relative risk = 1.76, P < 0.001). The risk of gametocytemia and its potential
for increasing transmission should be considered when evaluating different ACTs and TS prophylaxis for malaria control.

INTRODUCTION

The clinical manifestations of malaria are caused by prolif-
eration of asexual parasites in human blood, but transmission
of the parasite to themosquito is dependent on the development
of gametocytes—the sexual stage of infection. There is signifi-
cant interest in understanding the impact of different malaria
control interventions, including treatment with artemisinin-
basedcombination therapies (ACTs)and chemoprevention reg-
imens, on the development of gametocytes and their potential
impact onmalaria transmission.1

ACTs have been shown to be highly efficacious against asex-
ual parasites,2–6 and several have been shown to be moderately
effective against the gametocyte stage of infection and reduce
transmission to mosquitoes.7–10 However, data comparing the
effect of two leadingACTs inAfrica—artemether-lumefantrine
(AL)anddihyroartemesinin-piperaquine (DP)—ongametocytes
have beenmixed.2,4,11–16 Trimethoprim-sulfamethoxazole (TS), a
drug routinely used to prevent opportunistic infections in human
immunodeficiency virus (HIV) -infected individuals, has been
shown to significantly reduce the incidence of malaria.17–21

However, there is limited data on the association between
the use of TS prophylaxis and gametocytes, and several studies
have reported an association between exposure to sulfadoxine-
pyrimethamine (SP), another antifolate drug related to TS, and
an increased prevalence and density of gametocytes.7,22–24

In Uganda, the Ministry of Health currently recommends
AL and DP as first- and second-line drugs, respectively, for
the treatment of uncomplicated malaria. Although both drugs
are safe and efficacious, DP has gained increasing interest for
treatment because of its one time per day dosing schedule and
prolonged post-treatment prophylactic effect.4,11,25 Chemo-
prophylaxis with TS has also become an important tool for
malaria control in Uganda and is currently recommend for
all HIV-infected patients and HIV-exposed children born to

HIV-infected mothers. A better understanding of the rela-
tionship between these antimalarial therapeutics and the risk of
gametocytemia could have significant implications on malaria
transmission and therefore, the development of antimalarial
treatment and prevention policies in Uganda.
We compared the risk of gametocytemia after treatment

with AL or DP for uncomplicated malaria in an open-label
randomized trial in a cohort of HIV-infected, HIV-exposed
(HIV-uninfected children born to HIV-infected mothers),
and HIV-unexposed (HIV-uninfected children born to HIV-
uninfected mothers) children living in an area of high malaria
transmission of Uganda. We also assessed the association
between other risk factors, including the use of TS prophylaxis,
and gametocytemia after antimalarial therapy.

MATERIALS AND METHODS

Study design, site, and participants. This study was part of
an open-label randomized controlled trial in Tororo, a district
in Eastern Uganda with high malaria transmission intensity.26

Details of this study have been described elsewhere.2,21,27,28

Briefly, convenience sampling was used to enroll children
referred to a dedicated study clinic from an adjacent post-natal
clinic at Tororo District Hospital. Eligibility criteria included
(1) age 6 weeks to 12 months, (2) documented HIV status of
mother and child, (3) agreement to come to the study clinic for
any febrile episode or other illness, (4) residence within a 30-km
radius of the study clinic, (5) absence of active medical problem
requiring in-patient evaluation at the time of screening, (6) pro-
vision of informed consent, and (7) currently breastfeeding if
HIV-exposed. At enrollment, all study participants received a
long-lasting insecticide-treated bed net (ITN), and all HIV-
exposed and -infected children were given daily TS prophylaxis
as perUganda’sMinistry of Health (MOH) guidelines.
Follow-up of study participants. Subjects were followed for

all of their medical problems at a dedicated study clinic open
7 days a week, and parents/guardians were encouraged to
bring their children to the study clinic whenever they were ill.
After-hours care was available through the adjacent hospital
wards. Children who presented with new medical problems
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underwent a standardized medical evaluation using algo-
rithms to guide therapy for common illnesses. Medications
with antimalarial activity were avoided for the treatment of
non-malarial illnesses. Monthly assessments were done in the
study clinic to ensure adherence with the study protocol and
perform routine blood smears. Study participants were with-
drawn from the study for (1) movement out of the study area,
(2) inability to be located for > 60 consecutive days, (3) with-
drawal of informed consent, (4) inability to adhere to the
study schedule and procedures, or (5) inability to tolerate the
drugs used for malaria treatment.
Treatment allocation. Children who were aged ³ 4 months

and weighing ³ 5 kg were randomized to receive either AL or
DP at the time that they got the first episode of uncompli-
cated malaria. Study participants received the same treatment
regimen for all subsequent episodes of uncomplicated
malaria. HIV-exposed uninfected children were retested for
HIV 6–8 weeks after breastfeeding cessation. HIV-exposed
children who remained HIV-uninfected were randomized at
the cessation of breastfeeding to discontinue or continue TS
prophylaxis until 2 years of age. At 2 years of age, those chil-
dren who had continued TS were rerandomized to discontinue
or continue TS prophylaxis. HIV-infected children, including
those children who seroconverted during breastfeeding, were
continued on TS prophylaxis for the duration of the study.
Malaria diagnosis and treatment. Subjects who presented to

the study clinic with a documented fever (tympanic tempera-
ture ³ 38.0°C) or history of fever in the previous 24 hours had
blood obtained by finger prick for a thick smear. If the thick
smear was positive, the patient was diagnosed with malaria
regardless of parasite density. Children who had uncompli-
cated malaria were treated with the treatment to which they
were randomized. A nurse administered study drugs according
to weight-based guidelines for fractions of tablets as follows:
AL (tablets of 20 mg artemether and 120 mg lumefantrine;
Coartem; Novartis Pharmaceuticals Corporation, Suffern, NY)
administered as one (5–14 kg) or two (15–24 kg) tablets
given two times daily for 3 days; DP (tablets of 40 mg
dihydroartemisinin and 320 mg piperaquine; Duocotecxin;
Zhejiang Holley Nanhu Pharmaceutical Co. Ltd., Jiaxing City,
P.R. China) targeting a total dose of 6.4 and 51.2 mg/kg
dihydroartemisinin and piperaquine, respectively, given in
three equally divided daily doses to the nearest one-quarter
tablet. Patients were given a glass of milk or asked to
breastfeed after each dose of study medication. The first daily
dose of study drugs was directly observed at the study clinic.
After each dose, children were observed for 30 minutes, and
the dose was readministered if vomiting occurred. For
patients randomized to receiveAL, parents or guardians were
instructed to give the second daily dose at home. Episodes of
uncomplicated malaria in children less than 4months of age or
weighing less than 5 kg as well as episodes of complicated
malaria and treatment failures occurring within 14 days of initi-
ating treatment were treated with quinine. All children with
malaria were followed up on days 1, 2, 3, 7, 14, 21, and 28 after
the diagnosis. Thick blood smears were collected on all malaria
follow-up days apart from day 1.
Laboratory methods. Thick and thin blood smears were

stained with 2% Giemsa for 30 minutes and read by trained
laboratory technologists who were not involved in direct
patient care. Gametocytemia was determined from thick
smears using microscopy and recorded as present or absent.

Parasite densities were calculated from thick blood smears by
counting the number of asexual parasites per 200 leukocytes
(or per 500 leukocytes if the count was < 10 asexual parasites/
200 leukocytes), assuming a leukocyte count of 8,000/mL. A
blood smear was considered negative when the examination
of 100 high-power fields did not reveal asexual parasites. For
quality control, all slides were read by a second reader, and a
third reader would settle any readings with discrepancies.
Laboratory technicians were blinded to the study participants’
treatment assignments. Thin smears were used to determine
the parasite species.
Statistical methods. Data were entered by two independent

data entrants into an Access database. Data analysis was done
using Stata version 11 (Stata Corp, College Station, TX). The
observation period began 1 day after enrollment and ended
when the child turned 4 years of age or on the day the child
was prematurely withdrawn from the study. The primary out-
come of interest was whether gametocytes were detected by
microscopy on the day a new episode of malaria was diag-
nosed and during the 28-day follow-up period after each epi-
sode of malaria. The primary exposure variable of interest
was antimalarial treatment with AL or DP. Secondary expo-
sure variables of interest included TS use, age at the time of
malaria treatment, residence (rural versus urban), andwhether
an episode of malaria resulted in recurrent parasitemia within
4–28 days. Associations between risk factors of interest and
the presence or absence of gametocytes were measured using
generalized estimating equations with exchangeable correla-
tion and robust standard errors to account for repeated
measures in the same child. Cumulative risks of detecting
gametocytes during malaria follow-up not detected at the
time of diagnosis or microscopic clearance of gametocytes
detected at the time of diagnosis after treatment with DP or
AL were estimated using the Kaplan–Meier product limit
formula. Kaplan–Meier survival curves were compared using
the log-rank test. Associations between risk factors of interest
and the hazard of either detecting gametocytes during
malaria follow-up not detected at the time of diagnosis or
microscopic clearance of gametocytes detected at the time of
diagnosis were made using a Cox proportional hazards con-
trolling for repeated measures in the same patient. In all
analyses, a two-tailed P value < 0.05 was considered to be
statistically significant.
Ethical approval. Informed consent was obtained from the

parents or legal guardians of all study participants. The study
protocol was approved by the Uganda National Council of
Science and Technology and the institutional review boards
of the University of California, San Francisco, Makerere Uni-
versity, the University of Washington, and the Centers for
Disease Control and Prevention.

RESULTS

Trial profile and characteristics of malaria treatments. A
total of 351 children were enrolled between August of 2007
and April of 2008, of which 100 children were HIV-
unexposed, 203 children were HIV-exposed, and 48 children
were HIV-infected. Thirty-three children were excluded
before randomization to antimalarial therapy, and six chil-
dren were followed to 4 years of age without being random-
ized; 158 children were randomized to AL, and 154 children
were randomized to DP, resulting in 2,283 treatments with
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AL and 2,099 treatments with DP (Figure 1). The mean age
in months, TS use, and residence of children at the time
of antimalarial therapy were similar between both antima-
larial treatment groups (Table 1). The risk of recurrent
parasitemia within 4–28 days of follow-up was significantly
higher in malaria episodes treated with AL compared with
episodes treated with DP, as previously reported (relative risk
[RR] = 4.74, P < 0.001).2 Of 4,380 episodes of uncomplicated
malaria, 253 (5.8%) had microscopically detected game-
tocytes on the day of malaria diagnosis. The prevalence of
gametocytemia on the day of malaria diagnosis was similar
for those children randomized to DP (6.2%) versus AL (5.4%)
after adjusting for TS use, age, and time since the last episode
of malaria (P = 0.40).

Risk factors for gametocytemia after antimalarial treatment.
Of 25,767 blood smears obtained during malaria follow-up,
gametocytes were detected in 766 (3.0%) by microscopy.
Treatment with DP was associated with an 85% increase
(RR = 1.85, 95% confidence interval [CI] = 1.34–2.54,P < 0.001)
in the risk of any gametocytemia during malaria follow-up
compared with AL after controlling for TS prophylaxis, age,
and development of recurrent parasitemia. TS prophylaxis was
associated with a 76% increase (RR = 1.76, 95% CI = 1.29–2.40,
P < 0.001) in the risk of any gametocytemia during malaria
follow-up by multivariate analysis. Increased age and recur-
rent parasitemia were also associated with an increased risk
of any gametocytemia during malaria follow-up by multi-
variate analysis (Table 2). HIV status showed no significant

Figure 1. Trial profile.

Table 1

Characteristics of malaria treatments

Characteristic

Antimalarial therapy

PAL (N = 2,281) DP (N = 2,099)

Age, mean (SD) 28.2 (11.0) 28.2 (11.4) 0.63
Prescribed TS, n (%) 500 (21.9) 458 (21.8) 0.30
Live in rural residence, n (%) 2,119 (92.8) 1,840 (87.7) 0.49
Recurrent parasitemia,* n (%) 1,066 (46.7) 195 (9.3) < 0.001
Gametocyte prevalence at day of diagnosis, n (%) 124 (5.4) 129 (6.2) 0.40

*Defined as whether recurrent parasitemia occurred between days 4 and 28 of malaria follow-up.
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association with the risk of gametocytemia after adjustment for
TS prophylaxis, age, treatment arm, and development of recur-
rent parasitemia (RR = 1.29, 95% CI = 0.74–2.24, P = 0.373).
Risk factors for the first detection of gametocytes after

antimalarial therapy. To further explore associations between
risk factors of interest and gametocytemia after antimalarial
therapy, results were stratified based on whether gametocytes
were first detected after therapy or the clearance of gameto-
cytes was detected before initiation of antimalarial therapy.
Considering episodes of malaria where gametocytes were not
detected before antimalarial therapy, the prevalence of game-
tocytes on days 2, 3, and 7 after antimalarial therapy was signif-
icantly higher after treatment with DP compared with AL,
but the prevalence was not significantly different on days 14,
21, and 28 (Figure 2A). The cumulative risk of first detection
of gametoctyes was significantly higher after treatment with
DP compared with AL (log rank test P < 0.001) (Figure 2B).

Using a Cox proportional hazards model, there was over a two-
fold increase (hazard ratio [HR] = 2.12, 95% CI = 1.42–3.17,
P < 0.001) in the rate of first detection of gametocytes after
treatment with DP compared with AL after adjusting for
TS prophylaxis, age, and recurrent parasitemia (Table 3).
TS prophylaxis was associated with a trend to an increase in
the rate of first detection of gametocytes, but this trend did
not reach statistical significance (HR = 1.46, 95% CI = 0.95–
2.25, P = 0.08). Increasing age and recurrent parasitemia were
also associated with a significant increase in the rate of first
detection of gametocytes (Table 3).
Clearance of gametocytes. Considering episodes of malaria

where gametocytes were detected before antimalarial therapy,
the prevalence of gametocytes on all days after antimalarial
therapy was significantly higher after treatment with DP com-
pared with AL (Figure 3A). The cumulative risk of continued
detection of gametoctyes was significantly higher after treat-
ment with DP compared with AL (log rank test P < 0.001)
(Figure 3B). Using a Cox proportional hazards model, there
was over a twofold increase (HR = 2.20, 95% CI = 1.73–2.79,
P< 0.001) in the rateof clearanceof gametocytes after treatment
with AL compared with DP after adjusting for TS prophylaxis,
age, and recurrent parasitemia (Table 4). Not being prescribed
TS prophylaxis was also associated with a significant increase
in the rate of clearance of gametocytes compared with being
prescribed TS prophylaxis (HR = 1.32, 95% CI = 1.05–1.64,
P = 0.02). Increasing age and recurrent parasitemia were not
associated with a significant difference in the rate of clearance
of gametocytes (Table 4).

DISCUSSION

In this large randomized trial of over 4,000 treatments for
malaria in young Ugandan children living in a highly
endemic setting, treatment of malaria with DP was associ-
ated with an increased risk of detection of Plasmodium

falciparum gametocytes by microscopy during the 28 days
after antimalarial therapy compared with treatment with
AL. These differences were similar when considering the
first detection of gametocytes after therapy and clearance of
gametocytes detected before therapy. TS prophylaxis was
also associated with a significantly increased risk of detection
of gametocytes after antimalarial therapy. Increasing age and
recurrent parasitemia were associated with an increased risk of
first detection of gametocytes after therapy but not clearance
of gametocytes.
Prior studies comparing the risk of gametocytes after treat-

ment with AL versus DP have had mixed results. Several
studies using microscopic detection of gametocytes have
shown no difference,2,12,29 an increased risk of gametocyte
detection after treatment with AL,4,11 or more recently, an
increased risk of gametocyte detection after treatment with

Table 2

Risk factors for any gametocytemia 1–28 days after antimalarial therapy

Risk factors

Risk of gametocytemia Univariate Multivariate

Exposed (%) Unexposed (%) RR (95% CI) P RR (95% CI) P

Treatment with DP vs. AL 10.2 6.2 1.64 (1.21–2.22) 0.002 1.85 (1.34–2.54) < 0.001
On TS prophylaxis vs. no TS 10.3 7.5 1.47 (1.08–1.99) 0.01 1.76 (1.29–2.40) < 0.001
Age (per 1 year increase) N/A N/A 1.18 (1.04–1.33) 0.008 1.24 (1.10–1.40) < 0.001
Developed recurrent parasitemia* 8.2 8.1 1.12 (0.89–1.41) 0.34 1.36 (1.05–1.76) 0.02

*Defined as whether recurrent parasitemia occurred between days 4 and 28 of malaria follow-up.

Figure 2. (A) Prevalence of gametocytes during malaria follow-
up if not present on day 0. Univariate comparisons between treatment
arms (AL vs. DP) on each day of follow-up made using generalized
estimating equations with robust standard errors. (B) Kaplan–Meier
survival curves comparing appearance of new gametocytes between
children treated with AL vs. DP. Survival curves compared using
log-rank test.
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DP.14–16,30 These differences are likely caused by differences
in analyses and the low sensitivity of microscopy for gameto-
cytes.30 A small study performed in western Kenya found no
difference in microscopic gametocyte carriage between treat-
ment with AL or DP. However, when using a highly sensitive
nucleic acid sequence-based amplification (NASBA) tech-
nique for detecting gametocytes, the authors found both a
significantly higher proportion of individuals with game-
tocytes than detected by microscopy and a significantly
increased risk of gametocyte detection after treatment with
DP compared with treatment with AL.13 Membrane-feeding
experiments have confirmed that both microscopic and
subpatent gametocytemia result in infectivity to mosquitoes,
with a positive association between gametocyte density and
mosquito infection rates.7,31

The reason for an increased risk of detection of gametocytes
with DP compared with AL is unclear. Dihydroartemisinin is
the active metabolite of artemether, but it is not known if

drug levels of dihydroartemisinin are different after adminis-
tration of DP compared AL. In addition, the partner drugs
(lumefantrine and piperaquine) may have differential
gametocytidal effects, although classically, only the eight
aminoquinolones (with primaquine most studied) are thought
to have activity against mature, late-stage gametocytes.1 A
recent in vitro study, however, has shown that lumefantrine
may have moderate activity against late-stage gametocytes
compared with piperaquine.32

We further found that the use of TS prophylaxis resulted
in both an increased risk of gametocyte detection on the day
of malaria diagnosis and delayed clearance of gametocytes
after antimalarial therapy. Studies examining the effect of
SP, another antifolate combination, when used for anti-
malarial treatment have long suggested an elevated risk of
gametocytemia after treatment.22,24 There have been no
studies that have looked at the effect of TS prophylaxis on
gametocytemia, but one prior study examined the effect of
TS on gametocytemia when used for malaria treatment. This
study was conducted in Nigeria, and children were random-
ized to receive TS or SP for treatment of uncomplicated
malaria. Children in both treatment arms had a significant
increase in gametocyte carriage 7 days after treatment com-
pared with pre-treatment levels. However, children treated
with SP were significantly more likely to have gametocyte
carriage on day 14 compared with children treated with TS
(65.7% versus 35%, respectively, P = 0.018), suggesting a more
marked effect of gametocytemia with SP than TS.33

The increase in the risk of gametocytemia in children receiv-
ing antifolates could be explained by decreased gametocydal
activity, drug-induced release of sequestered gametocytes, or
development of antifolate drug resistance. In a study of South
African patients treated with SP for uncomplicated malaria,
increases in the duration of gametocyte carriage after treat-
ment were strongly associated with antifolate resistance
markers dhfr and dhps.34 However, our group has reported
no difference in the prevalence of these markers of antifolate
resistance between children prescribed TS prophylaxis and
those children not taking TS prophylaxis.35 Moreover, in our
setting, widespread antifolate resistance is common, with
some studies reporting prevalence of over 80% even in those
individuals not taking TS prophylaxis.36

We also found that increasing age and development of
recurrent parasitemia were associated with an increased risk
of first detection of gametocytes. Several papers have noted
that increasing age is inversely associated with the risk for
gametocyte carriage thought to be caused by the development
of immunity to asexual stages, which concomitantly limits the
production of gametocytes.37–39 Notably, these other studies
used cohorts much older than the cohort described in this
paper, typically finding the decline in gametocyte prevalence
occurring in individuals older than 10 years.37 Our findings

Figure 3. (A) Prevalenceof gametocytesduringmalaria follow-up if
present on day 0. Univariate comparisons between treatment arms
(AL vs. DP) on each day of follow-upmade using generalized estimating
equations with robust standard errors. (B) Kaplan–Meier survival curves
comparing clearance of gametocytes present on day 0 between children
treatedwithAL vs. DP. Survival curves compared using log-rank test.

Table 3

Risk factors for the first detection of gametocytes after antimalarial therapy

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Treatment with DP vs. AL 1.74 (1.18–2.56) 0.005 2.12 (1.42–3.17) < 0.001
On TS prophylaxis vs. no TS 1.21 (0.78–1.83) 0.371 1.46 (0.95–2.25) 0.08
Age (per 1 year increase) 1.32 (1.13–1.55) < 0.001 1.38 (1.18–1.61) < 0.001
Developed recurrent parasitemia* 1.09 (0.74–1.60) 0.656 1.64 (1.10–2.43) 0.02

*Defined as whether recurrent parasitemia occurred between days 4 and 28 of malaria follow-up.
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suggest that children under 4 years may not yet have acquired
immunity to asexual or sexual stages; the rise in gametocyte
prevalence may, therefore, indicate a rise in the incidence
of malaria in this setting.
There were several potential limitations to our study. Detec-

tion of gametocytes was done using microscopy, which likely
underestimated the true prevalence of gametocytes because of
failure to detect subpatent gametocytemia. Fortunately, the
large number of malaria treatments observed provided us suf-

ficient power to evaluate associations using microscopically
detected gametocytes and supports the findings of other large
studies that used microscopy.16 Although we may have only
detected higher gametocyte densities because we used micros-

copy in our study, it has repeatedly been shown that micro-
scopic gametocyte carriers are more infectious to mosquitoes
than submicroscopic gametocyte carriers, adding to the public

health significance of our findings.31 Although our study was an
open-label randomized controlled trial, laboratory technicians
who were reading the smears were blinded to the treatment
arms. This process limited observer bias during reading of

blood smears. Another important advantage of this study was
that it was longitudinal; because children were treated for a
repeated number of episodes, our study is the first to look at
the effect of ACTs on gametocytemia when used repeatedly

over nearly 4 years. Finally, although we describe a difference
in gametocyte detection and clearance between the two arms,
we cannot definitively describe differences in transmissibility
without performing membrane- or direct-feeding experiments

to assess infectivity.
In conclusion, treatment of malaria with DP compared with

treatment with AL and prophylaxis with TS compared with

no prophylaxis were both independently associated with an
increased risk of gametocyte detection after antimalarial ther-
apy. We consider these findings of immediate public health
relevance, because they suggest that these two interventions
may be associated with an increased risk of transmission and

may temper enthusiasm for their use as tools for antimalarial
treatment and chemoprevention. There remains a need to
assess the impact of malaria treatment and control interven-
tions on the risk of gametocytemia and malaria transmission.
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