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Abstract. We evaluated the clinical efficacy of artesunate–mefloquine (ASMQ) fixed-dose combination to treat
uncomplicated malaria in Juruá Valley, the main Plasmodium falciparum transmission hotspot in Brazil. Between
November 2010 and February 2013, we enrolled 162 patients aged 4–73 years, with fever or a history of fever, and a
single-species P. falciparum infection confirmed by microscopy and polymerase chain reaction (PCR). All 154 patients
who completed the 42-day follow-up presented an adequate clinical and parasitologic response. ASMQ was well tolerated
and no adverse event caused treatment interruption. Gametocytes were detected in 46.3% patients; 35.2% had gameto-
cytes at enrollment, whereas others developed patent gametocytemia 1–14 days after starting ASMQ. By day 3 of treat-
ment, all subjects had cleared asexual parasitemia, but parasite DNA remained PCR detectable in 37.6% of them. Day-3
PCR positivity was associated with prolonged gametocyte carriage. We found no molecular evidence of resistance to
either MQ (pfmdr1 gene amplification) or AS (mutations in selected kelch13 gene domains known to be associated with
AS resistance) in the local P. falciparum population. These results strongly support the use of ASMQ as a first-line regi-
men to treat uncomplicated P. falciparum malaria in northwestern Brazil, but underscore the need for gametocytocidal
drugs to reduce the transmission potential of ASMQ-treated patients (ClinicalTrials.gov number NCT01144702).

INTRODUCTION

Malaria is endemic to 21 countries in the Americas, with
over 400,000 laboratory-confirmed cases each year. Despite
a 77% decrease in incidence between 2000 and 2014, Brazil
still contributes 42% of all malaria cases in this region; trans-
mission remains entrenched in the Amazon basin, which
accounts for 99.5% of the country’s malaria burden. Plasmo-
dium vivax is currently the predominant species, followed by
Plasmodium falciparum.1

After a series of clinical trials in the early 1980s,2 meflo-
quine (MQ) was introduced in Brazil in 1987, being widely
deployed as a monotherapy for P. falciparum malaria over
the next 20 years. Between 2001 and 2007, uncomplicated
falciparum malaria in Brazil was treated with quinine plus
doxycycline (formerly tetracycline) for 7 days or a single MQ
dose (15 mg/kg).3 Clinical surveillance in the late 1990s
revealed cure rates of 98.9% for MQ4 and between 77.3%
and 100% for quinine plus tetracycline5,6 in northern Mato
Grosso, central Brazil, despite emerging evidence for qui-
nine7 and MQ8 resistance in vitro.
The main P. falciparum transmission hotspot in the Amazon

basin of Brazil is Juruá Valley, close to the border with Peru.
With a combined population of 100,000 inhabitants, three
municipalities in this region reported 40% of the 21,000
P. falciparum infections diagnosed countrywide in 2014
(Ministry of Health of Brazil, unpublished data). After a major
malaria outbreak in the mid-2000s, artemisinin-based combina-
tion therapy (ACT) was introduced for P. falciparum malaria
treatment in Juruá Valley in 2006. Between July 2006 and
December 2008, the artesunate–mefloquine (ASMQ) fixed-

dose combination produced by Farmanguinhos, Rio de Janeiro,
Brazil,9 the first locally available ACT, was administered to
nearly 24,000 patients with no significant adverse events.10

Until the end of 2008, ASMQ and artemether–lumefantrine
(AL) were gradually made available in other endemic areas
and became the first-line therapies for falciparum malaria
countrywide. However, because of concerns regarding the
efficacy of MQ as a partner drug after its long-term use as
monotherapy, ASMQ deployment in Brazil is currently lim-
ited to areas with very low or no P. falciparum transmission.
Herein, we report on the clinical efficacy of the fixed-dose

ASMQ combination in the treatment of uncomplicated
P. falciparum malaria in Brazil and show that ASMQ remains
highly effective, with adequate clinical and parasitologic
response (ACPR) in all subjects followed for 42 days. No
molecular evidence of AS or MQ resistance was observed in
the local P. falciparum population. However, we found resid-
ual parasite DNA detected by polymerase chain reaction
(PCR) on day 3 of treatment in over one-third of patients,
often associated with persistent gametocyte carriage.

PATIENTS AND METHODS

Study site and design. Between November 2010 and Feb-
ruary 2013, we carried out a single-arm, open-label clinical trial
in the urban area of Cruzeiro do Sul (07°37′S; 72°40′W) to
assess the efficacy of ASMQ fixed-dose combination in the treat-
ment of uncomplicated P. falciparum malaria (ClinicalTrials.gov
number NCT01144702). Cruzeiro do Sul, the most populated
municipality in Juruá Valley, northwestern Brazil (81,500 inhabi-
tants), reported 5,321 laboratory-confirmed P. falciparum infec-
tions in 2014; 18% of them acquired in the urban area,
contributing one-fourth of the malaria burden due to this
species countrywide (Ministry of Health of Brazil, unpublished
data). The study protocol was written according to the Pan
American Health Organization recommendations for in vivo
antimalarial drug efficacy trials in areas of low endemicity.11
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To calculate the sample size, we assumed an ACPR rate of
98%, similar to that recently reported in Peru,12 with an α error
of 5% and a dropout rate of 20%, resulting in a target for
recruitment of 101 subjects.
Study subjects. Eligible subjects were patients with uncom-

plicated malaria of either sex, with age between 6 months
and 75 years, and fever (axillary temperature ≥ 37.5°C) or
history of fever in the past 48 hours. Only subjects living in
the urban area of Cruzeiro do Sul were eligible, since directly
observed therapy and 42-day follow-up would be impractical
for study participants living in remote rural sites. All study
subjects had to have a P. falciparum single-species infection
confirmed by both microscopy and quantitative PCR (qPCR),
with parasitemias ranging between 250 and 100,000 asexual
parasites/μL of blood, as determined by microscopy. Following
a recommendation from the Amazonian Malaria Initiative/
Amazon Network for the Surveillance of Antimalarial Drug
Resistance technical advisory team in Brazil, we enrolled sub-
jects with relatively low parasite densities (between 250 and
500 asexual parasites/μL) because they represent a large pro-
portion of actual population of patients attending malaria
clinics in the country. Given that diagnosis and treatment are
provided at no cost in a vast network of health posts, more
than two-thirds of malaria episodes in Juruá Valley are treated
within 48 hours after the onset of clinical symptoms. As a con-
sequence, local patients rarely present with high parasitemias.
Exclusion criteria were severe or complicated malaria, preg-
nancy or lactation, history of convulsions, any clinically rele-
vant illness other than malaria (including cardiovascular and
psychiatric disorders, liver cirrhosis, and chronic renal failure),
antimalarial use in the preceding 2 weeks, and known hyper-
sensitivity or allergy to study drugs. Women of childbearing
age (11–45 years) were tested for pregnancy before enrollment.
Treatment and follow-up. The ASMQ fixed-dose combina-

tion is supplied by Farmanguinhos as high-dose tablets con-
taining 100 mg AS and 220 mg MQ hydrochloride (200 mg
MQ base) and low-dose tablets with 25 mg AS and 55 mg
MQ hydrochloride (50 mg MQ base). At enrollment, all study
subjects were weighted. They were administered orally, under
direct observation by a study physician (first dose) or nurse
(second and third doses), with a total average dose of 12 mg/kg
of AS and 24 mg/kg of MQ base distributed over three con-
secutive days (days 0, 1, and 2).13 The weight-adjusted doses
for children were 5–8.9 kg of weight, 1 low-dose tablet/day;
9–17.9 kg of weight, 2 low-dose tablets/day; and 18–29.9 kg
of weight, 1 high-dose tablet/day. Older children, adoles-
cents, and adults weighing ≥ 30 kg were given 2 high-dose
tablets/day. Follow-up visits were made by a study nurse at
the patients’ homes on days 1, 2, 3, 7, 14, 21, 28, 35, and 42;
in addition, patients were advised to return to the health-
care facility where they have been enrolled, for clinical and
laboratory assessment, whenever they were sick, between
the scheduled home visits. Duplicate Giemsa-stained thick
smears were obtained at each home visit and whenever
patients returned to health-care facilities. Venous blood was
collected on days 0, 3, and 42 for determination of hemoglo-
bin levels and platelet counts as well as qPCR-based confir-
matory malaria diagnosis.
Laboratory diagnosis. At least 500 thick smear fields were

independently examined on-site by two experienced micros-
copists, at ×1,000 magnification, before a slide was declared
negative by microscopy. All slides (10 duplicate slide sets for

subjects who completed the follow-up) were later reviewed
by a third reference microscopist, who was blinded to the
first readings. Whenever discrepancies between field micros-
copists were found, we considered the expert microscopist
review as the definitive diagnosis. Parasite densities were
determined by counting the number of asexual blood-stage
parasites against 200 leukocytes, assuming 6,000 leukocytes/μL
of blood; estimates used here were obtained by the expert
microscopist. We used 200-μL aliquots of venous blood
samples to isolate parasite DNA, using QIAamp DNA blood
kits (Qiagen, Hilden, Germany) on a QIAcube automated
platform (Qiagen), for confirmatory molecular diagnosis of
malaria on days 0, 3, and 42. DNA templates were used to
amplify a species-specific 100-bp fragment of the P. falciparum
and P. vivax 18S ribosomal RNA genes by real-time qPCR.
Each 20-μL qPCR reaction mixture contained 2 μL of sample
DNA (corresponding to 2 μL of venous blood), 10 μL of 2×
Maxima SYBR Green qPCR master mixture (Fermentas,
Burlington, Canada), and 0.5 μM of each primer. We used the
genus-specific primer P1 (ACG ATC AGA TAC CGT CGT
AAT CTT) combined with either of the species-specific
primers V1 (CAA TCT AAG AAT AAA CTC CGA AGA
GAA A) or F2 (CAA TCT AAA AGT CAC CTC GAA
AGA TG), for P. vivax and P. falciparum, respectively.14

Standard curves were prepared with serial 10-fold dilutions
of the target sequence, cloned into pGEM-T Easy vectors
(Promega, Madison, WI), to allow for species-specific quanti-
tation of parasite loads (number of parasites/μL of blood).
We used a StepOnePlus Real-Time PCR System (Applied
Biosystems, Foster City, CA) for PCR amplification with a
template denaturation step at 95°C for 10 minutes, followed
by 40 cycles of 15 seconds at 95°C and 1 minute at 60°C, with
fluorescence acquisition at the end of each extension step.
Amplification was immediately followed by a melting pro-
gram consisting of 15 seconds at 95°C, 15 seconds at 60°C,
and a stepwise temperature increase of 0.2°C/second until
95°C, with fluorescence acquisition at each temperature tran-
sition. Standard curves accompanying each assay indicated
that the detection threshold of this diagnostic qPCR is approxi-
mately 2 parasites/μL of blood. No-template controls (containing
all reagents for amplification except for the DNA template)
were run for every qPCR microplate.
Outcome measures and data analysis. The intention-to-

treat (ITT) study population included all enrolled patients
who had received at least one treatment dose, whereas the
per-protocol (PP) population included only patients who had
completed the full 3-day supervised treatment course and
had outcome data for the primary efficacy endpoint. Efficacy
outcomes were defined in accordance with the World Health
Organization guidelines for in vivo antimalarial drug efficacy
monitoring.15 The primary outcome was ACPR, defined as
absence of asexual blood-stage parasites detected by micros-
copy in the PP population by day 42, regardless of axillary
temperature, with no evidence of earlier treatment failure.
Secondary endpoints in the ITT population were parasite
clearance time (PCT; time from first dose to the first sample
microscopically negative for asexual parasites), fever clearance
time (FCT; time from first dose to the first normal tempera-
ture reading), and the proportions of patients who had asexual
blood stages or gametocytes detected by microscopy during
the entire follow-up and the proportion of those with para-
site DNA detected by qPCR on days 3 and 42 of treatment.
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Proportions are given with 95% confidence intervals (95%
CI) calculated with Wilson’s continuity correction16 and com-
pared with Fisher’s exact tests; correlation was evaluated using
the nonparametric Spearman correlation test. Mean PCT and
FCT were estimated with Kaplan–Meier survival analysis and
compared with Mantel–Cox log-rank tests. Continuous vari-
ables were compared with Mann–Whitney U tests. Analyses
were done using SPSS version 17.0 (SPSS, Chicago, IL), with
statistical significance set at the 5% level.
Analysis of P. falciparum mdr1 copy number. Amplification

of the multidrug resistance 1 gene of P. falciparum (pfmdr1),
which encodes a P-glycoprotein of the family of adenosine
triphosphate–binding cassette transporters, is associated with
reduced susceptibility to MQ.17 We thus used a real-time quan-
titative SYBR green PCR, with the single-copy gene coding
for P. falciparum β-tubulin as a reference, to estimate the
number of copies of pfmdr1 in pretreatment (day 0) parasites.
Plasmids containing amplified fragments of the pfmdr1 and
β-tubulin genes, cloned into pGEM-T Easy vectors, were
used as calibrators. In brief, PCR was carried out in triplicate,
on a StepOnePlus real-time thermal cycler , with the previ-
ously described oligonucleotide primer pair17 (pfmdr1–1F and
pfmdr1–1R) for pfmdr1 and a newly designed primer pair
(tub–F, AAA AAT ATG ATG TGC GCA AGT GA; tub–R,
AAC TTC CTT TGT GGA CAT TCT TCC T) for β-tubulin.
Each 20-μL reaction mixture contained 5 μL of parasite DNA
template (prepared as described above), 10 μL of 2× Maxima
SYBR Green qPCR master mixture, and 0.3 μM of each oli-
gonucleotide primer. Amplification included a template dena-
turation step at 95°C (10 minutes) followed by 40 cycles of
15 seconds at 95°C and 1 minute at 59°C, with fluorescence
acquisition at the end of each extension step. Amplification
was immediately followed by a melting program consisting of
15 seconds at 95°C, 1 minute at 59°C, and a stepwise tempera-
ture increase of 0.3°C/second until 95°C, with fluorescence
acquisition at each temperature transition. The PCR efficiency
of primer pairs for pfmdr1 and β-tubulin was evaluated using
six serial dilutions of the plasmids containing the respective
targets and was found to be sufficiently similar to obviate the
need for any correction factor. We thus estimated the number
of pfmdr1 copies using a comparative threshold method, with
the formula ΔΔCt = (Ctpvmdr1 − Ctβ-tubulin)sample − (Ctpvmdr1 −
Ctβ-tubulin)calibrator, where Ct is the threshold cycle for each
gene. Copy number > 1.6 was defined as a duplication of the
pfmdr1 gene. Assays were repeated if the following results
were obtained: copy number between 1.3 and 1.6, Ct value
> 35, or standard deviation of Ct (for either pfmdr1 or β-tubulin
replicates) > 0.2.
Sequence analysis of the kelch13 propeller gene. We also

tested pretreatment parasite DNA samples for point muta-
tions in the kelch13 propeller (k13) gene of P. falciparum
that has been associated with emerging artemisinin resistance
in southeast Asia.18,19 These mutations are found in the BTB
(BR-C, ttk, and bab) and POZ (Pox virus and Zinc finger)
(BTB/POZ) domain and in the six repeats of the kelch pro-
peller domain of the k13 gene.19 We used one pair of external
primers and five pairs of internal (nested) primers to amplify
a fragment comprising the full-length (2,181-bp) k13 gene cod-
ing sequence.20 Nested PCR–amplified products were excised
from agarose gels, purified using the illustra GFX PCR DNA
and Gel Band Purification kits (GE Healthcare Bio-Sciences,
Pittsburgh, PA) and were Sanger-sequenced on both strands

using an ABI 3130 capillary DNA sequencer (Applied Bio-
systems). Sequence contigs were assembled using the SeqMan
Pro software (DNASTAR, Madison, WI) and aligned against
the k13 gene of the 3D7 reference strain (PF3D7_1343700).
GenBank accession numbers. DNA sequences obtained

during this study were deposited in the GenBank database
(accession nos. KU200702–KU200841).
Ethical approval. The institutional review board of Oswaldo

Cruz Foundation approved the study protocol (no. 022/2009).
Written informed consent was obtained from all study partici-
pants or their parents or guardians.

RESULTS

Study population and adverse effects. The baseline charac-
teristics of the ITT population, which comprised 162 patients
with uncomplicated single-species P. falciparum infection
recruited at 11 health centers in the urban area of Cruzeiro
do Sul, are shown in Table 1. At the time the study was
ongoing, the Malaria Expert Committee of Ministry of Health
of Brazil started to debate whether ASMQ efficacy in Brazil
was declining because of previous widespread use of MQ
monotherapy. Given that a drug policy change could result
from this debate, we decided to exceed our sample size
beyond the original enrollment target of 101 subjects, to pro-
vide a more accurate drug efficacy estimate. We failed to
obtain complete follow-up data for eight subjects (4.9%): six
males and two females with ages ranging from 4 to 68 years.
Four of them left the study site after 2–36 days of follow-up,
three were censored (on days 16, 28, and 37) because of
P. vivax malaria, treated with chloroquine (25 mg/kg of base

TABLE 1
Baseline characteristics of the intention-to-treat study population
(n = 162), Cruzeiro do Sul, northwestern Brazil, 2010–2013

Variable Value

Age (years), mean (range) 26.6 (4–73)
Gender (male:female) 92:70
Weight (kg), mean (range) 54.0 (13–94)
Temperature (°C), mean (range) 37.9 (36.5–39.9)
Temperature ≥ 37.5°C, n (%) 141 (87.0)

Reported symptoms in the past 48 hours
Fever, n (%) 159 (98.1)
Headache, n (%) 135 (83.3)
Chills, n (%) 94 (58.0)
Abdominal pain, n (%) 15 (9.9)
Dizziness, n (%) 12 (7.4)
Arthralgia, n (%) 5 (3.1)
Vomiting, n (%) 4 (2.5)

Days ill before enrollment, mean (range) 3.2 (1–31)
Hemoglobin (g/100 mL), mean (range) 13.2 (8.4–28.0)
Anemia, n (%) 35 (21.6)

Platelet count × 109/L, mean (range) 134 (38–273)
Thrombocytopenia, n (%) 100 (61.7)

Parasitemia by microscopy (asexual forms/μL)
Mean (range) 4,581.2 (250–62,069)
Median 1,497.5

Gametocyte carriage, n (%) 57 (35.2)
Parasitemia by qPCR (parasites/μL)
Mean (range) 4,700.1 (10–53,500)
Median 1,883.4

Total AS dose (mg/kg), mean (range)* 10.9 (6.4–33.3)
Total MQ dose (mg/kg), mean (range)* 22.0 (14.0–44.0)
AS = artesunate; MQ = mefloquine; qPCR = quantitative polymerase chain reaction.
*One patient who left the study on day 1 (before completing treatment) was excluded

from this analysis.
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over three days) plus primaquine (0.5 mg/kg/day of base for
7 days), and one withdrew informed consent on day 3.
ASMQ was well tolerated and no study withdrawal was
attributable to adverse events related to the study drugs.
Most common adverse events, all of them mild, reported by
the ITT population between days 1 and 3 were dizziness
(88.3%), headache (73.4%), abdominal pain (6.1%), insomnia
(3.7%), and blurred vison (3.7%). Dizziness persisted up to
7 (but not beyond) days in 36 of 160 subjects (22.5%), while
blurred vison was reported by a single subject (0.6%) who was
reassessed on day 7. No patient vomited within 30 minutes
of taking the ASMQ doses. Other adverse events were
rarely reported.
Treatment efficacy. The PP protocol analysis comprised

154 subjects who were followed up for 42 days (95.1% of those
enrolled), with a microscopy-based ACPR rate of 100%
(95% CI = 97.0–100%). Of the subjects in the PP population,
60 (39.0%; 95% CI = 31.3–47.2%) and seven (4.5%; 95%
CI = 2.0–9.5%) had asexual parasites detected by microscopy
on days 1 and 2, respectively; none of them had patent asexual
P. falciparum parasitemia observed between days 3 and 42.
A single instance of discordant results given by field micros-
copists was observed: one day-3 slide was considered positive
for asexual P. falciparum blood stages by one and negative by
the second. After blinded review by the expert microscopist,
this slide was declared negative. A good correlation was
observed between parasite density estimates on day 0 obtained
by the expert microscopist and by qPCR (Spearman correla-
tion coefficient rs = 0.73, P < 0.0001). The overall mean PCT
for the ITT population was 1.49 days (95% CI = 1.38–1.60),
with no significant difference across gender and age groups.
As expected,21 PCT was directly proportional to the initial
asexual parasitemia, ranging from 1.33 days (subjects with
≤ 1,000 parasites/μL) to 1.43 days (subjects with parasitemias
between 1,001 and 5,000/μL) to 1.81 days (subjects with
> 5,000 parasites/μL) (Mantel–Cox log-rank test, P < 0.0001).
Interestingly, PCT was shorter among subjects enrolled early
in the course of malaria (1–3 days after symptoms started;
1.39 days) comparedwith those with > 3 days of illness (1.65 days;
Mantel–Cox log-rank test, P = 0.037), most likely because of
their lower asexual parasitemias at enrollment (median =
1,404.5 versus 4,071.4 parasites/μL; Mann–Whitney U test, P =
0.017). Further comparisons were limited by the fact that PCT
estimates were derived from a small number of thick smears
analyzed by microscopy. Overall, FCT was 1.49 days (95%
CI = 1.51–1.84), with no significant difference according to
gender, age, initial parasitemia, and duration of symptoms
before enrollment. However, this study was underpowered to
detect minor differences in FCT among patient subgroups.
Gametocyte carriage and residual parasite DNA detected

by qPCR. ACTs are thought to prevent the formation of
new gametocytes due to their rapid action against asexual blood
stages, but are not entirely effective in clearing preformed
gametocytes.22 Figure 1 shows the prevalence of gametocyte
carriage in the ITT population between days 0 and 42. Seventy-
five patients (46.3%) had gametocytes detected by microscopy
at least once during the 42-day follow-up; 57 (35.2%) of them
had gametocytes at enrollment, whereas all others had patent
gametocytemia first detected between 1 and 14 days after
starting ASMQ. Note that 23.6% of the ITT population (95%
CI = 17.4–31.1%) had gametocytes detected on day 3, although
asexual parasites were no longer detected by microscopy.

Interestingly, over one-third of day 3 samples (37.6%; 95%
CI = 30.3–45.6%) had parasite DNA detected by qPCR, con-
sistent with recent findings in African children treated with
AL or dihydroartemisinin–piperaquine (DP).23 Parasite den-
sities determined by qPCR on day 3 were usually low, rang-
ing between 2 and 1,675/μL, with a median of 6/μL. We
compared patients with parasite DNA detected on day 3 with
qPCR-negative subjects and found no significant difference
according to age, gender, prevalence of fever between days
0 and 3, or total AS and MQ dose administered (Table 2).
On average, subjects with residual parasite DNA had slightly
higher initial (day 0) asexual parasitemias detected by micros-
copy, a difference that did not reach statistical significance,
and substantially higher qPCR-determined parasite densities
(Table 2). Moreover, subjects with qPCR-detected residual
parasite DNA more often carried gametocytes between day
0 and day 7 (Table 2). No patient had parasite DNA detected
by qPCR or gametocytes detected by microscopy on day 42.
Molecular markers of MQ and AS resistance. We deter-

mined pfmdr1 gene copy number in day 0 P. falciparum sam-
ples from 161 subjects (99.4% of the ITT population) and
found no single instance of pfmdr1 gene amplification. More-
over, we obtained 140 high-quality, full-length sequences of
the k13 gene (corresponding to 86.4% of the ITT population)
from day 0 parasites. Sixty-one (43.6%) samples had a single
nonsynonymous (A!C) nucleotide substitution, causing the
K189T amino acid change; no other mutations were found in
the k13 gene. The K189T mutation, which is common in African
isolates, maps to the P. falciparum-specific N-terminal domain
of the k13 gene product, upstream of the BTB/POZ and pro-
peller domains.19 Parasites carrying the K189T mutation do
not display longer parasite clearance half-life after artemisinin
treatment.24 Therefore, we found no molecular evidence of
either AS or MQ resistance in our day 0 P. falciparum samples.

DISCUSSION

This is the first evaluation of the clinical efficacy of ASMQ
since its introduction in Juruá Valley, Brazil, in 2006. Herein,
we show that three daily doses of the ASMQ fixed-dose
combination remain highly effective for uncomplicated
malaria in the main P. falciparum transmission hotspot in
Brazil. Moreover, ASMQ was relatively well tolerated, with

FIGURE 1. Prevalence (%) of gametocyte carriage detected by
microscopy before (day 0) and after (days 1–42) treatment of
uncomplicated Plasmodium falciparum malaria with artesunate–
mefloquine fixed-dose combination. Error bars indicate the 95%
confidence intervals.
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mild adverse effects (mainly dizziness) that did not cause
treatment interruption. The high prevalence of dizziness
(88%) after treatment is a matter of concern, which prevents
ASMQ use in patients with a history of neuropsychiatric dis-
ease. Uncomplicated P. falciparum malaria patients commonly
reported dizziness before any treatment; for example, a recent
case series found a prevalence of 75% at presentation in
Brazil.25 However, dizziness and other neurologic and psy-
chiatric symptoms are often reported to be associated with
MQ administration either for malaria chemoprophylaxis or
treatment, mostly in subjects reporting previous neuropsychi-
atric disease. For this reason, since 2013, the Food and Drug
Administration of the United States requests MQ to carry a
black box warning on its potential neurological and psychiatric
side effects in the drug label (http://www.fda.gov/downloads/
Drugs/DrugSafety/UCM362232.pdf).
Overall, our results are consistent with a series of clinical

trials showing > 98% efficacy of AS and MQ in neighboring
Peru.12,26,27 Moreover, we found no molecular evidence of
resistance to either MQ (pfmdr1 gene amplification)17 or AS
(mutations in the BTB/POZ and propeller domains of the
k13 gene)18,19 in the local P. falciparum population. Taken
together, the clinical efficacy results combined with molecular
data strongly support the use of ASMQ as a first-line regimen
to treat uncomplicated P. falciparum malaria in this region.
Moreover, these results have potential implications for neigh-
boring countries where ASMQ remains as the first-line treat-
ment of P. falciparum infections.
The Malaria Expert Committee of Ministry of Health of

Brazil has repeatedly raised concerns about using MQ as an

ACT partner drug after two decades of its widespread deploy-
ment as a monotherapy countrywide. Despite the absence of
definitive clinical evidence of declining ASMQ efficacy in
Brazil, the Malaria Expert Committee recommended in July
2012 that AL should replace ASMQ as the first-line regimen
for P. falciparum malaria treatment in most of the Amazon,
including Juruá Valley, limiting ASMQ use to areas of
the country with very low (annual parasite index < 0.1 case/
1,000 inhabitants) or no autochthonous malaria transmission
(Ministry of Health of Brazil, unpublished information). This
decision has several implications. First, local production of
ASMQ fixed-dose combination was achieved in 2006 after
years of successful collaboration with the Drugs for Neglected
Diseases initiative and several other international partners,9

with a major financial investment by the state-owned pharma-
ceutical company Farmanguinhos. Now this highly effective
ACT is little used in Brazil, while the National Malaria Con-
trol Program has to import large quantities of AL. Second,
AL is administered twice a day (total of 8 tablets/day for
adults), compared with a single daily dose of ASMQ, likely
reducing patients’ compliance with the regimen and making
directly observed treatment less feasible. Finally, there are no
publicly available data from randomized and controlled clini-
cal trials showing that AL is either equivalent or superior to
ASMQ to treat uncomplicated P. falciparum malaria in Brazil.
Although ASMQ was highly effective in clearing asexual

blood-stage parasitemia detected by microscopy by day 3 after
treatment, we hypothesized that residual subpatent para-
sitemia might persist for a few more days. In fact, we found
residual parasite DNA detectable by qPCR on day 3 in more

TABLE 2
Characteristics of the study subjects with qPCR-detected parasite DNA on day 3, compared with those who were qPCR-negative, Cruzeiro

do Sul, northwestern Brazil, 2010–2013

Variable

Parasite DNA detected by qPCR on day 3

No (N = 100)* Yes (N = 61)* P value†

Age (years), mean (range) 26.6 (4–70) 26.5 (6–73) 0.320
Gender (male:female) 53:47 39:22 0.192
Temperature ≥ 37.5°C, n (%)
Day 0 89 (89.0) 58 (95.1) 0.253
Day 1 24 (24.0) 10 (16.4) 0.321
Day 2 4 (4.0) 2 (3.3) 1.000
Day 3 2 (2.0) 5 (8.2) 0.105

Microscopy
Initial asexual parasitemia (/μL)

Mean (range) 3,607.4 (250–45,000) 5,830.0 (250–62,068) 0.084
Median 1,369.3 1,868.1

Asexual parasite prevalence, n (%)
Day 1 36 (36.0) 28 (45.9) 0.247
Day 2 5 (5.0) 3 (4.9) 1.000

Gametocyte prevalence, n (%)
Day 0 16 (16.0) 41 (67.2) 0.0001
Day 1 17 (17.0) 36 (59.0) 0.0001
Day 2 12 (12.0) 34 (55.7) 0.0001
Day 3 11 (11.0) 27 (44.3) 0.0001
Day 7 (N = 159) 7/99 (7.1) 13/60 (21.7) 0.012
Day 14 (N = 158) 2/98 (2.0) 3/60 (5.0) 0.369

Initial parasitemia by qPCR (parasites/μL)
Mean (range) 3,631.6 (10.1–46,858.1) 5,651.7 (95.7–34,789.4) 0.017
Median 1,343.9 2,963.6

Total AS dose (mg/kg), mean (range)‡ 10.6 (6.7–19.3) 11.3 (6.4–33.3) 0.457
Total MQ dose (mg/kg), mean (range)‡ 23.4 (15.7–42.6) 24.1 (14.0–44.0) 0.635

AS = artesunate; MQ = mefloquine; qPCR = quantitative polymerase chain reaction.
*Number of subjects tested, except if stated otherwise.
†Proportions compared with Fisher’s exact tests and continuous variables compared with Mann–Whitney U test.
‡One patient who left the study on day 1 (before completing treatment) was excluded from this analysis.
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than one-third of ASMQ-treated patients, as recently reported
in Kenyan children treated with AL or DP.23 The presence of
residual parasite DNA, also termed “residual parasitemia,”23

was associated with prolonged gametocyte carriage in both
studies. Indeed, the Kenyan study further demonstrated
that children with residual parasitemias were more likely
to infect mosquitoes than those who were PCR-negative by
day 3.23 These findings suggest that preformed gametocytes
persisting after ASMQ treatment are the main source of
parasite DNA amplified by qPCR on day 3. Nevertheless,
we cannot rule out that low-level, residual submicroscopic
asexual parasitemias might also be present, leading to the con-
tinuous release of newly formed gametocytes in the blood-
stream, despite ASMQ administration. Our results further
support the use of a single dose of primaquine to clear game-
tocytes after ACT, reducing the transmission potential of
treated patients.22 In fact, a gametocytocidal dose of prima-
quine (0.75 mg/kg) was reintroduced in the treatment of
P. falciparum malaria in Brazil in early 2012, before the com-
pletion of this study.
We conclude that ASMQ remains highly effective in Juruá

Valley, the area of Brazil where it is most needed. Compara-
tive clinical trials are now required to determine the relative
role of ASMQ, AL, and other ACTs in the current efforts to
eliminate P. falciparum malaria in this country.
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