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Abstract. Artemisinin-based combination therapies (ACTs) are currently used as the first-line therapy for uncompli-
cated Plasmodium falciparum malaria. However, the recent emergence and/or spread of artemisinin resistance in parts of
Greater Mekong Subregion (GMS) of southeast Asia requires close monitoring of the therapeutic efficacy of ACTs. This
study was conducted from March 2012 to December 2013 in four clinics and seven villages along the China–Myanmar
border. A total of 109 patients with uncomplicated falciparum malaria were treated with dihydroartemisinin–piperaquine
(DP) and followed up on days 1, 2, 3, 7, 14, 21, 28, and 42 after treatment. A total of 71 patients (22 children and 49 adults)
completed the 42-day follow-up. DP remained highly efficacious for treatment of uncomplicated falciparum malaria with
an overall 42-day cure rate of 100%. The day 3 parasite-positive rate was 7.04% (5/71). Within 14 days of treatment, a total
of 13 (18.31%) patients had detectable gametocytes and a large proportion of these were persistent from the first three days
of treatment. The presence of gametocytes in patients through 14 days after DP treatment suggests that the incorporation of
a single dose of primaquine for clearing gametocytemia should be considered for blocking parasite transmission.

INTRODUCTION

Malaria is an enormous health problem in the Greater
Mekong Subregion (GMS) of southeast Asia.1,2 In recent years,
substantial progress has been made in reducing the regional
malaria burden; several countries have entered the malaria pre-
elimination and elimination phases.3 This success is attributed,
in part, to the deployment of artemisinin-based combination
therapies (ACTs) in malaria-endemic countries. However, the
recent emergence and/or spread of artemisinin resistance in
Plasmodium falciparum in parts of GMS pose a serious threat
to regional malaria control and elimination campaign.4–6 Since
the time when clinical artemisinin resistance was first docu-
mented in western Cambodia,5,7,8 intensive monitoring in the
GMS has detected artemisinin resistance in at least six areas
because of spread, independent emergence, or both.9–12 In
vision of a potential catastrophic spread of artemisinin resistance
to Africa, the World Health Organization (WHO) developed a
containment plan.13 One critical component to deter the spread
of artemisinin resistance is to monitor the efficacy of ACTs.
Artemisinin resistance in the GMS is manifested as delayed

parasite clearance after ACT treatment. This is better reflected
in in vivo parasite clearance rate: whereas sensitive parasites
normally have a clearance half-life of ~2 hours, artemisinin-
resistant parasites tend to have a clearance half-life longer than
5 hours.14 Inference of parasite clearance half-life requires
determination of peripheral parasitemia by microscopy at mul-
tiple time points a day,15 which is difficult to perform in routine
monitoring of drug efficacy among outpatients. Alternatively,
the proportion of patients remaining parasite-positive 3 days
after treatment with drugs containing artemisinin derivatives is
often used as a proxy indicator for delayed parasite clear-
ance.16,17 In this regard, WHO proposed a working definition

for suspected artemisinin resistance as “an increase in parasite
clearance time, as evidenced by > 10% of cases with parasites
detectable on day 3 after treatment with an ACT.”13 Many
sentinel sites were set up to monitor suspected artemisinin
resistance in the GMS, focusing on regions of P. falciparum
endemicity and extensive use of artemisinin. The southwestern
China’s Yunnan province has the longest history of artemisinin
use, mostly as monotherapy before 2005. A clinical efficacy
study conducted in 2008 demonstrated 100% clinical efficacy
of dihydroartemisinin–piperaquine (DP) for the treatment of
uncomplicated P. falciparum malaria at the China–Myanmar
border area with a day-3 parasitemia-positive rate of 6.2%.18

A recent clinical efficacy study of 7-day artesunate monother-
apy in 65 patients indicated an efficacy of 95.9% with a day-3
positivity rate of 18.5%.19 Although these studies cannot be
directly compared with each other to suggest potential emer-
gence of artemisinin resistance in this region, it does warrant
further scrutiny.
In this study, we evaluated clinical efficacy of DP for

treatment of uncomplicated P. falciparum malaria at the
China–Myanmar border area, taking advantage of our current
epidemiological study conducted in this area.20 Outpatients of
falciparummalaria were treated with DP, and parasite clearance
and clinical efficacy were determined. Our data confirmed the
excellent clinical efficacy of this drug combination, and also
revealed information about delayed parasite clearance. This
information is deemed important for the detection of clinical
artemisinin resistance along the China–Myanmar border.

MATERIALS AND METHODS

Study region and patient enrollment. The study was con-
ducted from March 2012 to December 2013 in four clinics and
seven villages in and around Laiza township, Kachin State,
Myanmar, along the China–Myanmar border (Figure 1). The
study protocol involved the treatment of patients with uncom-
plicated falciparum malaria with DP and evaluation of its
clinical efficacy for 42 days after treatment. The majority of
the patients were recruited from the clinics with our passive
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case detection efforts, while additional febrile patients were
identified from our weekly household visit activity in the
seven villages. Thick and thin smears were prepared by the
finger-prick method from patients with documented fever or
history of fever in the previous 24 hours. Malaria infection
was diagnosed based on microscopic examination of blood
smears. Patients recruited to the study were those without
signs of severe malaria, with P. falciparum mono-infection,
and with asexual parasite density below 150,000/mL. Informed
consent was obtained from all patients or legal guardians of
participants before being included in this study. Assents were
also obtained from children aged 7–14 years. The study pro-
tocol was reviewed and approved by institutional review
boards from Kunming Medical University and the local
department of health.
Laboratory methods. Thin and thick blood smears were

stained with 2% Giemsa for 30 minutes and first read by field
microscopists. For quality control, the smears were reexamined
at our field station by two experienced microscopists. Discrep-
ancies in the two values by > 30% were reevaluated by a third
microscopist to obtain a final consensus of the diagnoses (nor-
mally < 10% of the slides). Thin smears were used to determine
the parasite species. Parasite densities were calculated from
thick blood smears by counting the number of asexual parasites
and gametocytes per 200 leukocytes. The average number of
parasites per 200 white blood cells (WBCs) was used to esti-
mate the parasite density (number of parasites per microliter
blood) assuming 8,000 WBCs/mL blood.

Malaria treatment and follow-up. Per local government
policy, DP is the standard ACT for the treatment of uncom-
plicated falciparum malaria in the study area. All confirmed
falciparum malaria patients received treatment with DP
tablets, containing 40 mg dihydroartemisinin and 320 mg
piperaquine per tablet (Duocotecxin; Holley Pharm, Chongqing,
China). Adult patients received two tablets as the first
dose, then two tablets each time at 6, 24, and 36 hours later.
Child patients used this same treatment regimen but the total
dose was calculated using 6.4 mg dihydroartemisinin and
51.2 mg piperaquine/kg body weight. All treatment time
points were directly observed by the staff at the clinics. For
follow-ups, participants were asked to return for a check on
days 1, 2, 3, 7, 14, 21, 28, and 42 after drug treatment as well
as any time in between if they felt sick. Thick and thin blood
smears were made for microscopic examinations at these
time points.
Data analysis. Statistical analysis was performed using

SigmaStat 3.5 software (San Jose, CA) to compare the parasite
densities stratified by patient age. Parasite densities between
different age groups were compared using Kruskal–Wallis one-
way analysis of variance on ranks. Mean asexual clearance
rates between age groups were compared using the Mann–
WhitneyU test. Clearance of asexual parasites and gametocytes
between the two age groups were compared using survival
analysis with Kaplan–Meier log-rank test. Day-by-day com-
parison in asexual parasite and gametocyte positivity between
the two age groups was compared using Fisher’s exact test.

Figure 1. Map of the study sites.
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RESULTS

Patient demographic and clinical profiles. A total of 109
malaria patients with microscopically confirmed P. falciparum
single-species infection and fulfilling the inclusion criteria were
recruited to this clinical efficacy study. They were treated with
DP and efficacy was followed up through day 42. Five patients
were excluded from the analysis because their asexual parasite
density at the time of admission was below 100 asexual para-
sites/mL. Among the malaria patients, 66 were male (60.55%)
and 43 were female (39.45%). The ages of the patients varied
from 1 to 60 years with a median of 20.5, and 32.11% (35/109)
were children aged 15 years and below (Table 1). The asexual
parasite density ranged from 140 to 147,600/mL of peripheral
blood. There was no statistically significant difference in asex-
ual parasite density among the age groups, albeit the geometric
mean parasitemia of the 5–15 year age group was much higher
than those of other groups (Kruskal–Wallis one-way analysis,
P = 0.373). In addition, 17.43% (19/114) of the patients had
detectable gametocytemia at the time of enrollment with a geo-
metric mean of gametocyte density at 54/mL blood (Table 1). At
enrollment, major clinical symptoms of the falciparum malaria
patients included fever (76.32%), shivering/chills (44.74%),
headache (35.96%), and joint pain (14.91%) (Table 2).
Malaria treatment outcomes. Figure 2 is a schematic illustra-

tion of malaria treatment outcomes and results from our follow-
up activities. Given that there were only six patients < 5 years,
we only compared the results between adults (> 15 years) and
children (£ 15 years). For earlier parasite clearance, parasitemia
on day 1, 2, and 3 were closely monitored through microscopic
examination of thick and thin blood smears. Since this study
was conducted in a military conflict zone, constant human pop-
ulation movement inevitably resulted in high rates of loss to
follow-up. For the 109 patients enrolled at the beginning of the
study, 71 completed the 42-day follow-up, including 22 of the
35 children and 49 of the 74 adults. All the losses to follow-up
were due to relocations of the patients’ families to places out-
side the study area. Clinical efficacy and comparison were made
only for the participants who finished the 42-day follow-up. DP
remained highly efficacious against P. falciparum and no cases
with recurrent parasitemia were detected within the 42-day
follow-up. Parasite clearance was followed daily during the first
3 days after initiation of DP treatment (Figure 3). Overall, the
mean parasite clearance time was estimated to be 36.9 hours
(95% confidence interval [CI]: 31.5–42.3). The younger age

group cleared asexual parasitemia at 32.6 hours (95% CI: 23.7–
41.6), slightly faster than the adult age group (39.0 hours; 95%
CI: 32.3–45.6), though the difference was not statistically signif-
icant (P = 0.170, Mann–Whitney U test). The asexual clearance
profiles of the two age groups did not differ significantly (P >
0.05, Kaplan–Meier log-rank test) (Figure 4A). On days 1, 2,
and 3 post initiation of DP treatment, asexual parasitemia was
detected in 45.07% (32/71), 25.35% (18/71), and 7.04% (5/71)
patients, respectively (Table 3). Children appeared to have
cleared asexual parasitemia faster than adults. Specifically,
7 (31.82%) children, as compared with 25 (51.02%) adults,
remained parasitemic on day 1. On day 3, one (4.55%) child
patient and four (8.16%) adult patients were parasite positive.
However, these differences between the two age groups did not
reach statistical significance (P > 0.05, Fisher’s exact test). Of
the five patients remaining parasitemic on day 3, the geometric
mean parasite density on day 0 was 2,167/mL, which was
not significantly higher than that of the day 3 negative cases
(4,083/mL) (Mann–Whitney rank sum test, P = 0.615 > 0.05).
We further examined whether day 3 asexual parasite-positive
patients had significantly higher parasitemia at enrollment, and
our result showed that there was no significant difference in
day 0 parasite density between the day 3 parasite-positive and
parasite-negative patients (P > 0.05, t test).
Of the 19 patients that presented with gametocytemia at the

time of admission, 14 cleared gametocytes by day 1 (Table 3).
However, five patients without gametocytemia on day 0 devel-
oped detectable gametocytemia, giving a total of 10 (14.08%)
gametocytemic patients on day 1. On day 3, seven were game-
tocyte positive with five being persistent. On day 7, three
patients had detectable gametocytemia, all being persistent.

Table 1

Demographic and clinical features of the Plasmodium falciparum
patients at the time of enrollment

Total number of patients (% males) 109 (60.55%)
Age (years) (median/range) 20.5 (1–60)
Feverish patients on day 0
(axillary temperature > 37.5 °C)

77.06%

Temperature ( °C) [mean (range)] 38.4 (36.0–40.0)
Asexual parasite density on day 0:
geometric mean (range)
Under 5 years (N = 6) 3,203/mL (700–38,880)
5–15 years (N = 29) 8,290/mL (220–147,600)
> 15 years (N = 74) 3,622/mL (140–83,800)

Patients present with gametocytes
on day 0 [n (%)]

19 (17.43%)

Gametocyte density on day 0:
geometric mean (range)

54/mL (0–2,540)

Table 2

Clinical manifestations of the patients involved in this study

Clinical manifestation Cases Rate (%)

Fever 87 76.32
Shivering/chills 51 44.74
Headache 41 35.96
Joint pain 17 14.91
Loss of appetite 9 7.89
Vomiting 9 7.89
Dizziness 9 7.89
Coughing 4 3.51
Nausea 3 2.63
Convulsions 2 1.75
Diarrhea 1 0.88
Abdominal pains 1 0.88

Figure 2. Flow chart of the dihydroartemisinin–piperaquine (DP)
efficacy study of Plasmodium falciparum patients during 2012–2013.
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Interestingly, one patient had persistent gametocytemia
through day 14. No gametocytes were detected in subsequent
time points of the follow-up through day 42. At enrollment, it
appeared that more children £ 15 years of age carried gameto-
cytes (36.36%). Gametocyte clearance rates were also similar
between the two age groups (P > 0.05, Kaplan–Meier log-rank
test) (Figure 4B). Daily gametocyte positive rates were not
significantly different between the two age groups (P > 0.05,
Fisher’s exact test).

DISCUSSION

ACTs as the frontline treatment of uncomplicated P.
falciparum malaria have been adopted by all falciparum-
endemic countries. ACTs involve the combination of an
artemisinin family drug with another longer-acting partner
drugs: artemisinins can rapidly reduce peripheral parasitemia,21

while the partner drugs clear the remaining parasites.22 The
ACTs recommended by theWHO are artemether–lumefantrine
(AL), artesunate–amodiaquine, artesunate–mefloquine (AM),
DP, and artesunate plus sulfadoxine–pyrimethamine.23 The
selection of a particular ACT for a region is affected by several
factors and may not always be the most logical with regard to
past malaria treatment history. China’s Yunnan province and
neighboring Myanmar regions adopted the DP combination
since 2009. Piperaquine resistance has been detected in China
when it was used as a therapeutic replacement of chloroquine.24

This may compromise the role of piperaquine in eliminating

parasites that remain after dihydroartemisinin treatment. Never-
theless, clinical trials in Africa and southeast Asia have docu-
mented excellent efficacy of DP for treatment of falciparum
malaria.25–27 More importantly, several comparative trials of
DP versus AL in Africa revealed another advantage of DP in
reducing the risk of recurrent parasitemia within 4–9 weeks of
treatment.26–29 However, clinical failure with DP was recently
reported from Cambodia.23 The clinically resistant parasites
from this trial showed increased in vitro IC50 values to
piperaquine, suggesting piperaquine resistance may be partially
responsible. This study documented clinical failure of another
ACT after AM in the GMS, highlighting the necessity of
close monitoring of the spread or independent emergence of
artemisinin resistance in this region.
Earlier clinical trials in the GMS, which first recorded

artemisinin resistance, used artesunate monotherapy for
7 days or a staggered regimen with artesunate for 3 days
followed by the ACT partner drugs.5,8,12 These findings
prompted strengthened surveillance in the entire GMS to
determine whether artemisinin resistance has spread to or
emerged in other areas. In 2008–2010, 91 studies were con-
ducted at 32 sentinel sites of the GMS using AM, AL, and
DP.11 The most striking finding was that in Palin, Cambodia,
where artesunate resistance was first found, the day 3
parasitemia rose sharply from 26% in 2008 to 45% in 2010.
In two sites in Vietnam and one site in China, the proportions
of day 3 parasite-positive cases also went up to above the 10%
cutoff of WHO’s working definition of suspected artemisinin
resistance,30 whereas in two Myanmar sites bordering with
Thailand, day 3 parasitemic cases had increased to almost
20%. An extreme situation was the recent detection of 56%
day 2 parasite-positive patients in northwest Cambodia with
well-documented clinical failure of DP in 36% of the cases.23

In this study, we monitored clinical efficacy of DP for treat-
ment of uncomplicated falciparum malaria in 109 patients
recruited in the northeastern Myanmar. Although our study
showed excellent clinical efficacy of DP without the detection
of recurrent parasitemia within 42 days of follow-up, we
detected ~7% of patients with peripheral asexual parasitemia
on day 3 after initiation of DP treatment, which is slightly
higher than the 6.2% day 3 parasite-positive rate observed
during an earlier study in the same region.18 It is noteworthy
that a study performed in the nearby Yingjiang County,
Yunnan Province, showed that 13.6% of falciparum patients
were parasite positive on day 3 after DP treatment.11 Another
study conducted in 2009 in the same region showed that 7-day

Figure 3. Mean Plasmodium falciparum asexual parasite density
(per microliter) of P. falciparum patients during the first 3 days after
dihydroartemisinin–piperaquine (DP) treatment.

Figure 4. Kaplan–Meier’s survival analysis of the clearance of asexual parasites (A) and gametocytes (B) of the children (£ 15 years) and adult
(> 15 years).
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artesunate therapy provided excellent efficacy (95.9%), but
the day 3 parasite-positive rate was 18.5%,19 much higher than
the studies performed with DP.18 The lower levels of day 3
positive rate observed with DP compared with artesunate
monotherapy might be due to the effect of the partner drug
piperaquine, which should have played an additional role in
early parasite clearance. In this regard, piperaquine appeared
better than lumefantrine in clearing earlier parasitemia when
administered together with an artemisinin drug. For example,
a study performed in Uganda showed that earlier treatment
failures requiring rescue therapy within 3 days were signifi-
cantly less frequent with DP than with AL.29 This means that
despitewe only observed 7.04%day 3 positive cases, artemisinin-
resistant parasites were very likely to exist in our study site. It
has been recognized that day 3 parasite-positive rate is probably
imprecise for predicting treatment outcome.17 Nonetheless, it is

easy to perform and would prove useful for identifying poten-
tial foci of artemisinin resistance. Combination of treatment
efficacy studies with the recently identified molecular marker
K1331 would provide an effective way of monitoring artemisinin
resistance emergence and spread.12 One major limitation of this
study was the large loss-to-follow-up rate, which undermines the
generalizability of the finding. In the worst scenario, a modi-
fied intent-to-treat analysis by considering the losses to follow-
up as treatment failures would drop the DP treatment efficacy
to ~65% with no significant difference found between the
children and adult groups (P = 0.83, Fisher’s exact test). Yet,
the 100% cure rate in our study was consistent with that from
an earlier study conducted at the same site with the same
ACT,18 suggesting that DP remained highly effective for treat-
ing uncomplicated falciparum malaria. Meanwhile, the high
mobility of the camp populations also poses an additional
difficulty for implementing control measures including effec-

tive treatment of the clinical cases. This is even more impor-
tant for vivax malaria since radical cure of this disease requires
a 14-day course of primaquine treatment.
The presence of parasitemia on day 3 after ACT treatment

depends on many factors, among which is the baseline para-
site density at the time of initial treatment.32 Whereas inclu-
sion of patients with day 0 parasite density above 100,000/mL
was allowed in drug efficacy studies in the GMS, only two
patients had an initial parasite density between 100,000 and
150,000/mL. However, we did not detect a significant associa-

tion between day 3 and day 0 parasitemias. At enrollment, the
proportion of gametocytemic patients (18.4%) was compara-

ble with those found in the GMS such as in Cambodia (19%

in Pailin and 18% in Pursat), much lower than what were

typically found in Africa.12,33 Whereas there was a gradual
reduction of gametocyte positive cases after DP treatment,

gametocytes were detected through day 14 in one patient.

Importantly, there were cases where gametocytes were newly

detected after DP treatment, suggesting that DP may not be
effective in killing gametocytes or preventing transmission.

It is noteworthy that microscopy has limited sensitivity in

detecting low gametocytemia, and more sensitive molecular

methods are needed to validate these findings. Furthermore,

the efficacy of the new policy advocated by WHO for includ-
ing a single dosage of primaquine for eliminating gametocytes

and reducing transmission needs to be evaluated.
In summary, this study revealed that the current DP regimen

as the recommended ACT for treatment of uncomplicated

falciparummalaria at the China–Myanmar border area remains

highly efficacious. Whereas the day 3 parasitemic cases were
still below the 10% cutoff for suspected artemisinin resistance,

the increased proportion of patients with day 3 parasitemia to

> 10% in a nearby area of China demands further scrutiny of

the situation. Besides, our recent analysis of the K13 gene in
longitudinally collected samples from this study area showed

increasing prevalence of parasites carrying mutations in the

kelch domain, suggesting artemisinin resistance may also be

evolving in this area.34 Furthermore, given the recently docu-

mented failure of DP in Cambodia, continuous monitoring of
clinical efficacy of ACT is warranted to deter the emergence

and contain the potential spread of artemisinin resistance.
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Table 3

Outcomes of Plasmodium falciparum patients treated with dihydroartemisinin–piperaquine

Children (£ 15 years) (N = 22) Adults (N = 49) Total (N = 71)

Patients positive for asexual parasitemia (%)*
Day 1 7 (31.82%) 25 (51.02%) 32 (45.07%)
Day 2 4 (18.18%) 14 (28.57%) 18 (25.35%)
Day 3 1 (4.55%) 4 (8.16%) 5 (7.04%)

Parasite clearance time (hour) (geometric mean [95% CI]) 32.6 (23.7–41.6) 39.0 (32.3–45.6) 36.9 (31.5–42.3)
42-day cure rate 100 100 100
Patients positive for sexual forms (%)†
Day 0 8 (36.36%) 11 (22.45%) 19 (26.76%)
Day 1 4 (18.18%) 6 (12.24%) 10 (14.08%)
Day 2 4 (18.18%) 4 (18.18%) 8 (11.27%)
Day 3 3 (13.64%) 4 (18.18%) 7 (9.86%)
Day 7 1 (4.55%) 2 (4.08%) 3 (4.23%)
Day 14 0 1 (2.04%) 1 (1.41%)

Patients gametocyte positive during day 1–14 5 (22.73%) 8 (16.33%) 13 (18.31%)

CI = confidence interval.
*No significant difference in daily numbers of asexual stage–positive patients between the two age groups (P > 0.05, Fisher’s exact test).
†No significant difference in daily numbers of gametocyte-positive patients between the two age groups (P > 0.05, Fisher’s exact test).
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