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Abstract

Introduction: Dihydroartemisin-piperaquine (DHP) is a type of artemisinin-based combination therapy (ACT) that is extensively used in
Indonesia as first-line malaria treatment over the past 10 years. Therefore, DHP has been known to have high efficacy, but re-evaluation of the
efficacy was needed since the treatment was being used for a long time.

Methodology: A cohort prospective study on pediatric and adult patients diagnosed with vivax malaria in Kualuh Leidong health centre was
conducted from November 2019 — April 2020 to evaluate the efficacy of DHP for the treatment of malaria vivax. The efficacy of DHP was
monitored by evaluating the clinical symptoms and serial peripheral blood smear at day 1,2,3,7,14,21 and 28.

Results: A total of 60 children and adults diagnosed with malaria vivax were enrolled for this study. Major symptoms such as fever, sweating
and dizziness were found in all of subjects. The mean number of parasites on day 0 of observation in the child and adult groups was 313.33/uL
and 328/uL respectively (p = 0.839). Meanwhile, the mean number of gametocytes on day 0 was 74109.33/uL in the child group and
61661.33/uL in the adult group. There was a reduction in the number of gametocytes on the 15 day of observation in the child and adult groups
to 669.33/uL and 489.33/uL respectively (p = 0.512). No recrudescence occurred in either group within 28 days of observation.

Conclusions: DHP is still efficacious and safe as a first-line treatment for vivax malaria in Indonesia, with 100% cure rate at 28 days of

observation.
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Introduction

Malaria is a disease caused by Plasmodium, and the
transmission to humans happens through the bites of the
female Anopheles mosquitoes. The World Health
Organization (WHO) in the World Malaria Report 2021
estimated 241 million malaria cases in 85 malaria
endemic countries. The highest prevalence of malaria
cases was caused by Plasmodium falciparum followed
by Plasmodium vivax. The number of cases due to
Plasmodium vivax was about 4.5 million. The Southeast
Asia region was the second largest contributor and
estimated to have 2 % of the burden of malaria cases
globally and 39% of them were caused by Plasmodium
vivax [1].

The WHO launched the Global Technical Strategy
for Malaria 2016-2030 program that includes 4 targets:
decreasing malaria mortality, reducing incidence of
malaria, eliminating malaria, and preventing the re-
establishment of malaria in all countries that had been
declared as malaria free [2]. This is aligned with the
global commitments in Sustainable Development Goals
(SDGs), where malaria eradication efforts are contained

in the third goal with a specific objective to end the
malaria epidemic by year 2030 [3]. One of the biggest
challenges, especially in Indonesia, to reach that goal is
the decrease in the efficacy of several antimalarial
drugs. Drug resistance cases against chloroquine and
fansidar have also been reported. One of the causes of
antimalarial drug resistance is irrational use of
medicines [4,5].

Antimalarial drugs that are used worldwide are
artemisin-based combination therapies (ACTs). There
are 5 types of ACTs spread across the world; among
them are artemisinin derivatives that are known as the
most potent and fast-acting antimalarial drugs [6]. An
example of artemisinin derivative is
dihydroartemisinin-piperaquine (DHP), which is used
in Indonesia. DHP is a very effective artermisinin
derivative that clears the asexual form of malaria and
reduces gametocythemia. However, it does not affect
adult gametocytes. Nonetheless, DHP is known to
inhibit the development of young gametocytes into
adult gametocytes. Adult gametocytes are found in the
peripheral circulation for a few weeks which allows the
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ingestion process by mosquito vectors. Therefore, DHP
is administered together with primaquine, which is the
only drug that can eliminate adult gametocytes [7].

Denis et al. conducted a study based in Cambodia
where they reported 28 days cure rate of DHP therapy
resulting in 98.6% and 92.3% cure for children and
adults respectively. There were incidences of minor
side effects in 18.4% children and 26.6% adults [8].
DHP alone was introduced as first-line therapy in 2008
to eradicate Plasmodium falciparum and P vivax
infections in Papua, Indonesia [9].

Plasmodium parasites are known to develop
resistance against antimalarial drugs through their
ability to adapt. The incidences of antimalarial drug-
resistance started in West Cambodia due to reasons that
are not yet understood. Moreover, resistance to the most
common forms of chloroquine, pyrimethamine, and
sulfadoxine also originated from the same region [10-
12]. Clinical resistance to artemisinin and its derivatives
has been reported in West Cambodia and appeared to
have extended to the surrounding areas [10,13].
Akunuri et al. reported artemisinin resistance in areas
in Thailand, Cambodia and the Thailand-Myanmar
border [14]. One of the main causes of such resistance
was the presence of a number of mutations in PfKelchl3
(K13) propeller domain, which was associated with
delayed parasite clearance [15,16]. The WHO, in the
Global Malaria Programme 2018, reported a decrease
in efficacy of artemisinin derivatives as first-line
Plasmodium  falciparum malaria therapy without
complications due to drug resistance in several
countries, in the Greater Mekong region, which
includes Cambodia, China, Laos, Myanmar, Thailand,
and Vietnam [15,17].

Drug resistance is highly probable when repeat
malaria episodes occur within 14 days of the primary
episode [18]. Drug resistance appears to be caused by a
change in the structure, function or quantity of a protein
mediated by genetic changes. Drug resistances emerge
due to several reasons including parasite mutation rate,
parasite load, drug dose used, and malaria treatment
compliance. Poor pharmacokinetic properties and fake
drugs also lead to inadequate drug exposure [19-21].

The extensive use of DHP as first-line therapy has
decreased. Therefore, reassessment to re-evaluate the
effectivity of the drug is required. Nonetheless, the
study by Poespoprodjo et al. in Papua reported that
DHP still had high efficacy after 9 years of
administration in the region [9]. This is aligned with the
clinical study in North Sumatra by Pasaribu et al.
(2013) who reported better tolerance level and post-
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therapeutic prophylactic effect of DHP compared to
artesunate-amodiaquine [22].

There has not been any research to assess and re-
evaluate DHP among children and adults in the west
side of Indonesia. This study was conducted to observe
the efficacy of DHP in malaria vivax pediatric and adult
patients after 10 years of first-line malaria therapy use
in West Indonesia, especially in North Sumatra.

Methodology

This research was a prospective study to observe the
efficacy of DHP as vivax malaria treatment for children
and adult patients in Kualuh Leidong, Labuhan Batu
Utara regency, North Sumatra. Labuhan Batu Utara
regency was chosen as the research location because it
was one of the regencies with high annual parasite
incidence (API) in North Sumatra [23]. The research
was conducted for 6 months, from October 2019 to
January 2020, upon approval from the ethical
committee.
Research Subjects

Research subjects were pediatric (aged 2-18 years)
and adult patients in Kualuh Leidong public health
centre (Puskesmas) who met the inclusion and
exclusion criteria. Inclusion criteria were patients with
fever (axillary temperature > 37.5 °C) or history of
fever in the last 48 hours, diagnosed with single or
mixed Plasmodium  vivax malaria with no
complications — confirmation by blood smear
examination, not in a condition requiring
hospitalization, and without history of allergy to
antimalarial drugs. Exclusion criteria were patients with
severe malaria clinical symptoms, severe malnutrition,
recurrent vomiting, and additional infectious diseases,
and patients whose follow-up was not possible during
the study period.

Research ethics

Consent for involvement in the research was
obtained from all research subjects who met the
inclusion and exclusion criteria. Consent from pediatric
patients was obtained from the parents/guardians. The
consent form was signed after they received
explanation about the research, patients’ clinical
conditions, and the examinations to be done on the
patients. This research has received approval from the
Research Ethics Committee of Medical Faculty,
Universitas Sumatera Utara/Haji Adam Malik General
Hospital No: 127/TGL/KEPK FK USU-RSUP
HAM/2020.
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Research process

Basic characteristic data of the patients was
obtained from questionnaires and interviewing the
parents/guardians. ~ Next, = anamnesis, physical
examination, and additional tests such as rapid
diagnostic test and thin and thick blood smear tests were
done. After the diagnosis of Plasmodium vivax malaria
was confirmed, DHP and primaquine therapy was
started with dosage based on the patients’ body weights,
following the provision from the Ministry of Health of
the Republic of Indonesia. Each tablet contained 40 mg
dihydroartemisinin and 320 mg piperaquine phosphate.
During the therapy, clinical symptoms and side effects
of each patient were observed. DHP and primaquine
with the same dose would be re-administered if the

patients vomited within 30 minutes of drug
administration. However, if recurrent vomiting
occurred, the patients would be excluded from the

study.

All research subjects were asked to return to the
health centre as outpatients, on day 1, 2, 3, 7, 14, 21,
and 28 for follow-up assessments which involved
anamnesis, physical examination, and repeated thin and
thick blood smear tests. All research subjects were
closely monitored for 28 days. Side effect evaluations,
such as nausea, vomiting, and or diarrhea, was done
during each visit. If the patients encountered any
symptoms or health complaints, they were allowed to
visit and seek treatment outside the scheduled visit
days.

Data analysis

Characteristic data such as numerical data was
presented in the form of mean and standard deviation
(SD). Categorical data was presented as frequency
distribution. The data was analyzed in a general linear
model to assess the efficacy on day 28. All analysis was

Table 1. Research subject characteristics based on age.
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done using statistical software SPSS version 23 (IBM
Corp. Released 2020. IBM SPSS Statistics for
Windows, Version 27.0. Armonk, NY: IBM Corp).

Results
Characteristics of research subjects

Research data was collected by the consecutive
sampling method from November 2019 until April
2020 for 6 months. During this period, there were 60
patients (30 pediatric and 30 adults) from Kualuh
Leidong health center (Puskesmas), Labuhan Batu
Utara regency, North Sumatra, who met the inclusion
and exclusion criteria.

The research subjects were grouped into child and
adult group based on age. Malaria vivax symptoms, i.¢.,
fever, sweating, dizziness, nausea, vomiting, chills, and
fatigue were found in all subjects. DHP dose was
administered based on body weight, with average
dosage of 2.35 and 3.05 tablets for child and adult
respectively

The average body weights in the child and adult
groups were 40.00 kg and 57.53 kg respectively. The
mean body temperature in the child group was 39.43
°C, while in the adult group it was 39.65 °C. All the
research subjects in both groups had clinical symptoms,
such as fever, sweating, and dizziness. Clinical
symptoms such as nausea, vomiting, chills, and fatigue
were found in 27 children (90%), 19 children (63.3%),
8 children (26.7%), and 1 child (3.3%) respectively.
Meanwhile, in the adult group, the same clinical
symptoms were found in 23 adults (76.7%), 19 adults
(63.3%), 3 adults (10%), and 1 adult (3.3%)
respectively (Table 1).

Efficacy of DHP treatment in children and adults
The efficacy of DHP treatment was measured based
on the numbers of parasites and gametocytes, and the

Subject Characteristic

Child (n = 30)

Adult (n =30)

Body weight, mean (SD)", kg 40.00 (12.98) 57.53 (8.42)
Body temperature, average (SD). °C 39.43 (0.67) 39.65 (0.78)
Symptoms

Fever, n (%) 30 (100) 30 (100)
Sweating, n (%) 30 (100) 30 (100)
Dizziness, n (%) 30 (100) 30 (100)
Nausea, n (%) 27 (90) 23 (76.7)
Vomiting, n (%) 19 (63.3) 19 (63.3)
Chills, n (%) 8(26.7) 3(10)
Fatigue, n (%) 1(3.3) 1(3.3)
DHP dose

Day I-III, mean (SD), tab 2.35(0.68) 3.05(0.30)

*SD: Standard deviation. Research subjects were grouped into child and adult group based on age. There were 30 subjects in each group. Malaria vivax symptoms,
i.e., fever, sweating, dizziness, nausea, vomiting, chills, and fatigue were found in all subjects. dihydroartemisinin-piperaquine DHP dose was administered based
on body weight, with average dosage of 2.35 and 3.05 tablets for child and adult respectively.
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time when fever was gone from 0™ to 28" day. The
mean number of parasites on the 0™ day observation in
the child group was 313.33/uL, while in adult group it
was 328/ul. Based on the general linear model test,
there was no significant difference in the number of
parasites between the child and adult groups (p =
0.839). Parasites were no longer found in both groups
from day-1 until day-28.

The mean number of gametocytes on 0" day
observation in the child group was 74109.33/uL,
whereas in the adult group was 61661.33/uL. On the 1st
day, the number of gametocytes in both child and adult
groups decreased to 669.33/ul and 489.33/uL
respectively. Based on the general linear model test,
there was no significant difference in the number of
gametocytes in the child and adult groups (p = 0.152).
Gametocytes were no longer found in both the child and
adult groups from the 2™ to the 28" day.

Fever was observed in 100% of the members of the
child and adult groups on 0" and 1% day of observation.
However, on the 2™ day, fever decreased to 63% and
73% in the child and adult groups respectively. Based

Table 2. Total parasite clearance, gametocytes and fever-loss

time.

Treatment efficacy (ncgl;((i)) (:glg(;) P
Total asexual parasites, mean (SD), /uL

313.33 328.00
Day 0 (242.53) 31026y 0839
Day 1 0 0
Day 2 0 0
Day 3 0 0
Day 7 0 0
Day 14 0 0
Day 21 0 0
Day 28 0 0
Total sexual parasites (gametocytes), mean (SD), /uL

74109.33 61661.33

Day 0 (25340.19)  (29122.04) 0132
Day 1 669.33 489.33

(450.21) (379.42)
Day 2 0 0
Day 3 0 0
Day 7 0 0
Day 14 0 0
Day 21 0 0
Day 28 0 0
Fever, mean (SD), %
Day 0 1(0) 1(0) 0.414
Day 1 1(0) 1 (0)
Day 2 0.63 (0.49) 0.73 (0.44)
Day 3 0 0
Day 7 0 0
Day 14 0 0
Day 21 0 0
Day 28 0 0

*SD: Standard deviation. There were no significant differences observed
in total number of parasites and gametocytes, as well as fever between
the child and adult groups. Parasites were no longer observed from day 2
to day 28 of observation. Meanwhile, fever was no longer observed from
day 3 onwards.
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Table 3. Side effects evaluation of dihydroartemisinin-
piperaquine (DHP) therapy.

Side Effects Child Adult

n (%) Day 0 Day 1 Day 0 Day 1
Dizziness 26 (86.7) 4(13.3) 13 (43.3) 6(20.0)
Stomach pain 14 (46.7) 5(16.7) 7(23.3) 1(3.3)
Nausea 15 (50.0) 0 7(23.3) 0
Vomiting 0 0 0 0
Rash 0 0 0 0

Side effects on DHP therapy were only observed on day 0 and 1 of DHP
administration.

on the general linear model, there was no significant
difference in the average time of fever loss between the
child and adult groups (p = 0.414). Fever was no longer
observed from the 3™ until 28™ day of observation in
both groups. No recrudescence occurred in any member
of the child or adult group during the 28 days of
observation.

There were no significant differences observed in
the total number of parasites and gametocytes, as well
as fever occurrence between the child and adult groups.
Parasites were no longer observed from day-2 to day-
28 of observation. Meanwhile, fever was no longer
observed from day-3 onwards (Table 2).

DHP side effect evaluation in children and adults

The side effects in this study were measured based
on the symptoms experienced after the administration
of DHP on 0™ to 28™ day. No side effects, such as
dizziness, stomach pain, nausea, vomiting, and rashes
were observed from day-2 to day-28, in the child and
adult group Table 3).

Discussion

Indonesia is one of the countries which adopted
ACTs as the first-line management policy of malaria
with no complications from other species types of
malaria. Moreover, Indonesia is the first country to have
used DHP as ACTs since March 2006 [9]. After 10
years as the first-line therapy, DHP required re-
evaluation to assess the efficacy as there was a risk of
resistance as reported in several areas in Greater
Mekong, including Cambodia, Thailand, and Myanmar
[15]. Clinical symptoms of vivax malaria can be caused
by direct or indirect effects of the parasites in the blood.
Mild symptoms include headache, dizziness, weakness,
muscle ache, abdominal pain, chills, sweating, nausea,
and vomiting [24]. The study by Lover and Coker
(2014) stated that the incubation period, from infection
to the onset of clinical symptoms, was related to the
strains of parasites and the species vectors causing the
infection [25].

In this study, research subjects from both groups
had symptoms such as fever, sweating, and dizziness.
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The mean body temperature in the child group was
39.43 °C, while in the adult group was 39.65 °C. Fever
was accompanied by chills in 8 children (26.7%) and 3
adults (10%). High fever and chills symptoms in vivax
malaria were known to coincide with schizoid rupture.
Classic paroxysmal symptoms of fever in vivax malaria
lasted for 4-8 hours and occurred over a period of 48—
56 hours [26]. Song et al. (2003) in their study on
clinical features of Plasmodium vivax also reported
fever and chill symptoms in all research subjects in their
study [27]. Fever in malaria is known to be related to
the release of toxins and antigen substances triggered
by the release of cytokines and leukocytes. The study
by Kotepui et al. explained a directly proportional
relationship between the duration of fever and severity
of prognosis in vivax malaria patients [28].

Another most common symptom found was related
to gastrointestinal functions such as nausea and
vomiting. The child group had 27 patients (90%) and 19
patients (63.3%) with such symptoms respectively;
similarly, the adult group had 23 patients (76.7%) and
19 patients (63.3%) with such symptoms respectively.
The number of patients with gastrointestinal symptoms
was higher in this study than in the study by Song et al.
who reported 34.1% cases [27]. Meanwhile, fatigue was
only found in 1 patient in each group.

In this study, the mean body weight in the child
group was 40 kg (SD 12.98), while that in the adult
group was 57.53 kg (SD 8.42) with the mean DHP
dosage of 2.35 tablets and 3.05 tablets in the child and
adult groups respectively. All research subjects
consumed DHP with appropriate dose and
administration duration. The physiological process of
DHP is not linearly proportional to body weight.
Consequently, the children required higher dose
relative to their body weights than the adults in order to
achieve equivalent concentration of drugs [29].
Hoglund et al. reported about the pharmacokinetics of
piperaquine under the recommended dose from the
manufacturer. They stated that body weight
significantly affected the volume and parasite clearance
parameters, in which under recommended doses, lower
piperaquine exposure was observed in children (< 25
kg) than in adolescents and adults (> 25 kg) [30].

The percentage of fever on 0" and 1% day
observation in both the child and adult groups was
100%. However, there were decreases in fever as
symptoms on day-2 to 63% and 73% in the child and
adult group respectively. Fever was no longer found in
either group from day-3 to day-28. Pasaribu et al.
(2013) reported that all patients receiving DHP and
primaquine therapy experienced reduction in clinical
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symptoms, such as fever, starting on the 1% day of
therapy [22].

There were no significant differences in the
numbers of sexual and asexual parasites in the child and
adult groups between day-0 and day-1. This was similar
to the observation by Pukrittayakamee et al. who
reported that the initial parasite clearance time
underwent  significant  acceleration upon the
administration of DHP [31]. Plasmodium vivax
transmission blocking was the most important step for
prevention of relapse, especially in patients with high
density of asexual parasites. This is considered related
to the increase in recrudescence, as well as a reflection
of low immunity resulting in an increased risk of
recurrent incidence [32]. The high risk of
parasitological failure in children below 5 years of age
with DHP therapy was assumed to be related with their
low immunity, as well as low piperaquine concentration
in the blood [33].

Resistance towards ACTs should be suspected
when no clinical nor parasitological responses were
observed after 72 hours of therapy administration.
However, the clearance time of parasites is dependent
on several factors, such as the initial density of
parasites, carrier factors with or without renal
dysfunction, history of a splenectomy, and
comorbidities such as sickle cell disease [14].

Poespoprodjo et al. studied the efficacy of DHP
against Plasmodium falciparum and vivax in Papua in
2016 and reported fast parasite clearance time after
therapy, where 74.6% vivax malaria patients
experienced parasitemia during the first 24 hours of
therapy, and it increased to 96.9% after 48 hours of
observation [9]. Similarly, Pasaribu et al. found 85%
vivax malaria patients underwent gametocyte clearance
on day-1 and this increased to 100% on day-2 of therapy
[22].

The relapse event began with the primary infection
process, where a number of Plasmodium vivax became
dormant in the liver, and subsequently caused repeated
relapses. The timing of recurrence may vary — based on
the region, in which it could occur every 3 weeks in the
equatorial regions, and often at a greater interval of 6
months in regions with subtropical climate. These
recurrences had ensured that the transmission of

parasites may occur, even in unsupported
environmental conditions for mosquito vector
development [24].

There was no significant difference in the mean
number of parasites between the child and adult groups.
No more parasites were found from day-1 until day-28
in both groups. Moreover, there were no gametocytes
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found on day-2 to day-28 of observation. Poespoprodjo
et al. showed 100% efficacy of DHP to fight
Plasmodium vivax until the 28" day of observation [9].
In the study by Tavul et al., the administration of DHP
as the first-line vivax malaria therapy in Papua New
Guinea also showed high efficacy [34]. Popovici et al.
also explained that the combination of DHP and
primaquine therapy had high effectivity to prevent the
recurrence of vivax malaria by up to 56 days [35].
However, the damages to active cytochrome metabolite
P450 2D6 (CYP2D6) played an important role in the
failure of therapy leading to the recurrence of incidence
[36]. Meanwhile, the study done by Commons et al.
stated that vivax malaria patients with DHP therapy had
cumulative risk of recurrence at the rate of 1.2% on day
28 and 9.3% on day 42 [37]. Nonetheless, this study
showed that DHP had 100% efficacy as first-line vivax
malaria therapy, and no recrudescence occurred in both
the child and adult groups.

This was the first study in North Sumatera,
Indonesia to evaluate the efficacy of DHP. However,
the sample size in this study was considered small,
which may affect the reliability of the results presented.
Moreover, the subjects in this study were observed for
only 28 days. Long term observational study is
recommended since there is possibility of recurrence
after more than 28 days of follow up to provide a more
in-depth explanation.

Conclusions

The administration of DHP as the first-line vivax
malaria therapy continued to have high efficacy in
pediatric and adult patients after 10 years of use. The
cure rate at 28 days of observation in Kualuh Leidong
area was 100%. This report could give some
perspective about the application of DHP as
antimalarial drug, especially in Indonesia although
research to identify novel antimalarial drugs are still
needed.

References

1. World Health Organization (2018) World malaria report 2018
summary. World Health Organization. 50 p.

2. World Health Organization (2016) Global technical strategy
for malaria 2016-2030. WHO press. 8-18.

3. Ministry of Health of the Republic of Indonesia (2016)
Malaria. Data and information center of the Ministry of Health
of the Republic of Indonesia. 1-5. [Article in Indonesian].

4. Ministry of Health of the Republic of Indonesia (2017) Pocket
book of malaria case management. Data and information center
of the Ministry of Health of the Republic of Indonesia. 6-16.
[Article in Indonesian].

5. Gogtay N, Kannan S, Thatte UM, Olliaro PL, Sinclair D (2013)
Artemisinin-based  combination therapy for treating

10.

11.

12.

13.

14.

15.

J Infect Dev Ctries 2023; 17(5):700-706.

uncomplicated Plasmodium vivax malaria. Cochrane Database
Syst Rev 2013: CD008492.

World Health Organization (2015) WHO guidelines for the
treatment of malaria. World Health Organization. 4-36.
Sutanto I, Suprijanto A, Kosasih A, Dahlan MS, Syafruddin D,
Kusriastuti R, Hawley WA, Lobo NF, Kuile FOT (2013) The
effect of primaquine on gametocyte development and clearance
in the treatment of uncomplicated falciparum malaria with
dihydroartemisinin-piperaquine in South Sumatra, Western
Indonesia: an open label, randomized, controlled trial. Clin
Infect Dis 56: 685-693.

Denis MB, Davis TM, Hewitt S, Incardona S, Nimol K,
Fandeur T, Poravuth Yi, Lim C, Socheat D (2002) Efficacy and
safety of dihydroartemisinin-piperaquin  (artekin) in
Cambodian children and adults with uncomplicated falciparum
malaria. Clin Infect Dis 35: 1469-1476.

Poespoprodjo JR, Kenangalem E, Wafom J, Chandrawati F,
Puspitasari AM, Ley B, Trianty L, Korten Z, Surya A,
Syafruddin D, Anstey NM, Marfurt J, Noviyanti R, Price RN
(2018)  Therapeutic  response to  dihydroartemisinin—
piperaquine for P. falciparum and P. vivax 9 years after its
introduction in Southern Papua, Indonesia. Am J Trop Med
Hyg 98: 677-682.

Miotto O, Garcia JA, Manske M, Maclnnis B, Campino S,
Rockett KA, Amaratunga C, Lim P, Suon S, Sreng S, Anderson
IM, Duong S, Nguon C, Chuor CM, Saunders D, Se Y, Lon C,
Fukuda MM, Amenga-Etego L, Hodgson AVO, Asoala V,
Imwong M, Takala-Harrison S, Nosten F, Su XZ, Ringwald P,
Ariey F, Dolecek C, Hien TT, Boni MF, Thai CQ, Amambua-
Ngwa A, Conway DJ, Djimde AA, Doumbo OK, Zongo I,
Ouedraogo JB, Alcock D, Drury E, Auburn S, Koch O, Sanders
M, Hubbart C, Maslen G, Ruano-Rubio V, Jyothi D, Miles A,
O'Brien J, Gamble C, Oyola SO, Rayner JC, Newbold CI,
Berriman M, Spencer CCA, McVean G, Day NP, White NJ,
Bethell D, Dondorp AM, Plowe CV, Fairhurst RM,
Kwiatkowski DP (2013) Multiple populations of artemisinin-
resistant Plasmodium falciparum in Cambodia. Nat Genet 45:
2-7.

Thanh PV, Hong NV, Van NV, Louisa M, Baird K, Xa NX,
Grietens KP, Hung LX, Duong TT, Rosanas-urgell A,
Speybroeck N, D'Alessandro U, Erhart A (2015) Confirmed
Plasmodium vivax resistance to chloroquine in central
Vietnam. Antimicrob Agents Chemother 59: 7411-7419.
Thuan PD, Ca NTN, Toi PV, Nhien NTT, Thanh NV, Anh ND,
Phu NH, Thai CQ, Thai LH, Hoa NT, Dong LT, Loi MA, Son
DH, Khanh TTN, Dolecek C, Nhan HT, Wolbers M, Thwaites
G, Farrar J, White NJ, Hien TT (2016) A randomized
comparison of chloroquine versus dihydroartemisinin-
piperaquine for the treatment of Plasmodium vivax infection in
Vietnam. Am J Trop Med Hyg 91: 879-885.

Bhumiratana A, Intarapuk A, Sorosjinda-Nunthawarasilp P,
Maneekan P, Koyadun S (2013) Border malaria associated
with multidrug resistance on Thailand-Myanmar and Thailand-
Cambodia borders: transmission dynamic, vulnerability, and
surveillance. Biomed Res Int 2013: 1-13.

Akunuri S, Shraddha P, Palli V, Murali Santosh B (2018)
Suspected artesunate resistant malaria in South India. J Global
Infect Dis 10: 26-27.

World Health Organization (2018) Artemisinin resistance and
artemisinin-based combination therapy efficacy. World Health
Organization. 1-7.

705



Arcelia et al. — Effectiveness of DHP for vivax malaria

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hanboonkunupakarn B, White NJ (2022) Advances and
roadblocks in the treatment of malaria. Br J Clin Pharmacol: 1-
9.

Leang R, Barrette A, Bouth DM, Menard D, Abdur R, Duong
S, Ringwald P (2013) Efficacy of dihydroartemisinin-
piperaquine for treatment of uncomplicated Plasmodium

falciparum and Plasmodium vivax in Cambodia, 2008 to 2010.

Antimicrob Agents Chemother 57: 818-826.

Ashley EA, Poespoprodjo JR (2020) Treatment and prevention
of malaria in children. Lancet Child Adolesc Health 4: 775-
789.

Paget-McNicol S, Saul A (2001) Mutation rates in the
dihydrofolate reductase gene of Plasmodium falciparum.
Parasitology 122: 497-505.

Muller O (2011) Challenges for control and elimination in the
21st century. Malaria Afri 60: 193.

Melkamu AS, Zemene DK, Seyfe AA (2020) Antimalarial
drug resistance and novel targets for antimalarial drug
discovery. Infect Drug Resist 13: 4047-4060.

Pasaribu AP, Chokejindachai W, Sirivichayakul C, Tanomsing
N, Chavez I, Tjitra E,Pasaribu S, Imwong M, White NIJ,
Dondorp AM (2013) A randomized comparison of
dihydroartemisinin-piperaquine and artesunate-amodiaquine
combined with primaquine for radical treatment of vivax
malaria in Sumatera, Indonesia. J Infect Dis 208: 1906—-1913.
Hakim L, Hadi UK, Sugiarto (2018) Study of malaria control
in North Sumatera in an effort to achieve malaria elimination.
Disease Vector: 12: 47-56. [Article in Indonesian].

Douglas NM, Anstey NM, Angus BJ, Nosten F, Price RN
(2010) Artemisinin combination therapy for vivax malaria.
Lancet Infect Dis 10: 405—416.

Lover AA, Coker RJ (2014) Re-assessing the relationship
between sporozoite dose and incubation period in Plasmodium
vivax malaria: a systematic re-analysis. Parasitol 141: 859-868.
Price RN, Tjitra E, Guerra CA, Yeung S, White NJ, Anstey
NM (2007) Vivax malaria: neglected and not benign. Am J
Trop Med Hyg 77: 79-87.

Song HH, O SO, Kim SH, Moon SH, Kim JB, Yoon JW, Koo
JR, Hong KS, Lee MG, Kim DJ, Shin DH, Kang SH, Choi MG,
Lee KH (2003) Clinical features of Plasmodium vivax malaria.
Korean J Intern Med 18: 220-224.

Kotepui M, Kotepui KU, Milanez GDJ, Masangkay FR (2020)
Prevalence and risk factors related to poor outcome of patients
with severe Plasmodium vivax infection: a systematic review,
meta-analysis, and analysis of case reports. BMC Infect Dis 20:
363.

Tarning J, Zongo I, Somé FA, Rouamba N, Parikh S, Rosenthal
PJ, Hanpithakpong W, Jongrak N, Day NPJ, White NJ, Nosten
F, Ouedraogo JB, Lindegardh N. (2012) Population
pharmacokinetics and pharmacodynamics of piperaquine in
children with uncomplicated falciparum malaria. Clin
Pharmacol Ther 91: 497-505.

Hoglund RM, Workman L, Edstein MD, Thanh NX, Quang
NN, Zongo I, Ouedraogo JB, Borrmann S, Mwai L,
Nsanzabana C, Price RN, Dahal P, Sambol NC, Parikh S,
Nosten F, Ashley EA, Phyo AP, Lwin MK, McGready R, Day
NPJ, Guerin PJ, White NJ, Barnes KI, Tarning J (2017)
Population pharmacokinetic properties of piperaquine in
falciparum malaria: an individual participant data meta-
analysis. PLoS Med 14: 2-4.

Pukrittayakamee S, Chantra A, Simpson JA, Vanijanonta S,
Clemens R Looareesuwan S, White NJ (2000) Therapeutic

32.

33.

34.

35.

36.

37.

J Infect Dev Ctries 2023; 17(5):700-706.

responses to different antimalarial drugs in vivax malaria.
Antimicrob Agents Chemother 44: 1680-1685.

Douglas NM, Simpson JA, Phyo AP, Siswantoro H, Hasugian
AR, Kenangalem E, Poespoprodjo JR, Singhasivanon P,
Anstey NM, White NJ, Tjitra E, Nosten F, Price RN (2013)
Gametocyte dynamics and the role of drugs in reducing the
transmission potential of Plasmodium vivax. J Infect Dis 208:
801-812.

Karunajeewa HA, Tlett KF, Dufall K, Kemiki A, Bockarie M,
Alpers MP, Barrett PH, Vicini P, Davis TME (2001)
Disposition of artesunate and dihydroartemisinin after
administration of artesunate suppositories in children from
Papua New Guinea with uncomplicated malaria. Antimicrob
Agents Chemother 48: 2966-2972.

Tavul L, Hetzel MW, Teliki A, Walsh D, Kiniboro B, Rare L,
Pulford J, Siba PM, Karl S, Makita L, Robinson L, Kattenberg
JH, Laman M, Oswyn G, Mueller I (2018) Efficacy of
artemether—lumefantrine and dihydroartemisinin—piperaquine
for the treatment of uncomplicated malaria in Papua New
Guinea. Malar J 17: 350.

Popovici J, Vantaux A, Primault L, Samreth R, Piv EP, Bin S,
Kim S, Lek D, Serre D, Menard D (2018) Therapeutic and
transmission-blocking efficacy of
dihydroartemisinin/piperaquine and chloroquine against
Plasmodium vivax malaria, Cambodia. Emerg Infect Dis 24:
1516-1519.

Daher A, Aljayyoussi G, Pereira D, Lacerda MVG, Alexandra
MAA, Nascimento CT Alves JC, Fonseca LB, Silva DMD,
Pinto DP, Rodrigues DF, Silvino ACR, Sousa TN, Brito CFA,
Kuile FO, Lalloo DG (2019)
Pharmacokinetics/pharmacodynamics of chloroquine and
artemisinin-based combination therapy with primaquine.
Malar J 18: 1-9.

Commons RJ, Simpson JA, Thriemer K, Abreha T, Adam I,
Anstey NM, Assefa A, Awab GR, Baird JK, Barber BE, Chu
CS, Dahal P, Daher A, Davis TME, Dondorp AM, Grigg MJ,
Humphreys GS, Hwang J, Karunajeewa H, Laman M, Lidia K,
Moore BR, Mueller I, Nosten F, Pasaribu AP, Pereira DB,
Phyo AP, Poespoprodjo JR, Sibley CH, Stepniewska K,
Sutanto I, Thwaites G, Hien TT, White NJ, William T,
Woodrow CJ, Guerin PJ, Price RN (2019) The efficacy of
dihydroartemisinin-piperaquine and arthemeter-lumefantrine
with and without primaquine on Plasmodium vivax recurrence
a systematic review and individual patient data meta-analysis.
PLoS Med 16: 1-21.

Corresponding author

Ayodbhia Pitaloka Pasaribu, PhD.

Department of Child Health, Faculty of Medicine, Universitas
Sumatera Utara,

JI. Dr. Mansyur No.5 Padang Bulan, Medan Baru, Medan, North
Sumatera, Indonesia.

Tel: +62 8126024392

Email: ayodhia@usu.ac.id

Conflict of interests: No conflict of interests is declared.

706



	Introduction
	Methodology
	Research Subjects
	Research ethics
	Research process
	Data analysis

	Results
	Characteristics of research subjects
	Efficacy of DHP treatment in children and adults
	DHP side effect evaluation in children and adults

	Table 1. Research subject characteristics based on age.
	Discussion
	Table 2. Total parasite clearance, gametocytes and fever-loss time.
	Table 3. Side effects evaluation of dihydroartemisinin-piperaquine (DHP) therapy.
	Conclusions
	References
	Corresponding author


