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Abstract
Background: The Tanzanian National Malaria Control Programme (NMCP) and its partners have been implementing
regular therapeutic efficacy studies (TES) to monitor the performance of different drugs used or with potential use in
Tanzania. However, most of the recent TES focused on artemether–lumefantrine, which is the first-line anti-malarial for
the treatment of uncomplicated falciparum malaria. Data on the performance of other artemisinin-based combinations is urgently needed to support timely review and changes of treatment guidelines in case of drug resistance to
the current regimen. This study was conducted at two NMCP sentinel sites (Kibaha, Pwani and Ujiji, Kigoma) to assess
the efficacy and safety of artesunate–amodiaquine (ASAQ) and dihydroartemisinin–piperaquine (DP), which are the
current alternative artemisinin-based combinations in Tanzania.
Methods: This was a single-arm prospective evaluation of the clinical and parasitological responses of ASAQ and
DP for directly observed treatment of uncomplicated falciparum malaria. Children aged 6 months to 10 years and
meeting the inclusion criteria were enrolled and treated with either ASAQ or DP. In each site, patients were enrolled
sequentially; thus, enrolment of patients for the assessment of one artemisinin-based combination was completed
before patients were recruited for assessment of the second drugs. Follow-up was done for 28 or 42 days for ASAQ
and DP, respectively. The primary outcome was PCR corrected cure rates while the secondary outcome was occurrence of adverse events (AEs) or serious adverse events (SAEs).
Results: Of the 724 patients screened at both sites, 333 (46.0%) were enrolled and 326 (97.9%) either completed the
28/42 days of follow-up, or attained any of the treatment outcomes. PCR uncorrected adequate clinical and parasitological response (ACPR) for DP on day 42 was 98.8% and 75.9% at Kibaha and Ujiji, respectively. After PCR correction,
DP’s ACPR was 100% at both sites. For ASAQ, no parasite recurrence occurred giving 100% ACPR on day 28. Only one
patient in the DP arm (1.1%) from Ujiji had parasites on day 3. Of the patients recruited (n = 333), 175 (52.6%) had
AEs with 223 episodes (at both sites) in the two treatment groups. There was no SAE and the commonly reported AE
episodes (with > 5%) included, cough, running nose, abdominal pain, diarrhoea and fever.
Conclusion: Both artemisinin-based combinations had high cure rates with PCR corrected ACPR of 100%. The two
drugs had adequate safety with no SAE and all AEs were mild, and not associated with the anti-malarials. Continued
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TES is critical to monitor the performance of nationally recommended artemisinin-based combination therapy and
supporting evidence-based review of malaria treatment policies.
Trial registration This study is registered at ClinicalTrials.gov, No. NCT03431714
Keywords: Efficacy, Safety, Artesunate–amodiaquine, Dihydroartemisinin–piperaquine, Plasmodium falciparum,
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Background
A substantial decline in malaria incidence, over 20%
between 2010 and 2015, was observed in the past decade [1]. However, the most recent reports showed an
increase in malaria incidence in 2016 and 2017, which
might reverse the achievements attained in the past two
decades [2, 3]. Malaria is still responsible for more than
435,000 deaths and over 219 million cases, with > 90% of
the deaths and cases from sub-Saharan Africa (majority being under-fives and pregnant women) [3]. Despite
a significant decline of malaria morbidity and mortality
between 2000 and 2015 (> 18 million cases and > 100,000
deaths in 2000s) [4], Tanzania is still among the 10 high
burden countries in Africa, with about 5.8 million cases
and < 4000 deaths reported in 2017 [3].
Improved case management which involves early
diagnosis (by microscopy or rapid diagnostic tests) and
prompt treatment with effective anti-malarials is one
of the current effective strategies to fight malaria [3].
Artemisinin-based combination therapy (ACT) recommended by the World Health Organization (WHO) is
effective for the treatment of uncomplicated falciparum malaria and replaced monotherapies due to widespread resistance to previously used drugs [5]. Effective
case management using ACT is believed to have significantly contributed to the recent reduction in malaria
burden [1, 3]. Currently, the WHO recommends five
artemisinin-based combinations for the treatment of
uncomplicated falciparum malaria and these include
artemether–lumefantrine (AL), artesunate–amodiaquine
(ASAQ), artesunate-mefloquine (AS + MQ), dihydroartemisinin–piperaquine (DP) and artesunate-sulfadoxine/
pyrimethamine (AS + SP) [6]. Pyronaridine–artesunate is
another artemisinin-based combination which has been
shown to have high therapeutic efficacy and safety for
the treatment of uncomplicated malaria caused by Plasmodium falciparum and other species, and it will potentially offer an additional effective anti-malarial drug on
top of the current ACT formulations [7–9]. Of these, AL
is the commonly used ACT as the first-line anti-malarial
for the treatment of uncomplicated malaria in most of
malaria endemic countries, especially in the WHO African region followed by ASAQ [10]. Most of these artemisinin-based combinations still have high cure rates
particularly in Africa [14–28], despite recent reports of

artemisinin resistance and treatment failure with ACT in
Southeast Asia (SEA) [11–16].
Due to high level of parasite resistance to SP and following WHO recommendations, Tanzania introduced
AL as first-line drug for the treatment of uncomplicated malaria in 2006 [17]. Studies conducted in Tanzania before and after changes of the malaria treatment
guidelines showed that AL is safe and efficacious (PCR
corrected cure rate of > 95% by D28) [18–21]. However,
confirmation of P. falciparum resistance to artemisinins
[11, 13, 14] and other key partner drugs including piperaquine [22] in SEA, which was the epicentre for the evolution and spread of resistance to all important classes of
anti-malarials, indicates that resistance to the currently
recommended anti-malarial medicines could follow a
similar mechanism and dispersal pattern [23]. Thus, the
WHO recommends that regular surveillance to monitor
efficacy and safety of ACT should be undertaken (biennial) by all malaria endemic countries in order to ensure
optimum case management and facilitate early detection
of emergence of artemisinin and partner drug resistance
[24].
The Tanzania National Malaria Control Programme
(NMCP), together with its partners, has been and are
continuously implementing therapeutic efficacy studies (TES) to monitor the efficacy and safety of different
anti-malarials including ACT that are being used or with
potential future use in the country. The studies are conducted at eight sentinel sites located in regions with different malaria transmission intensities and also covering
border areas, with high potentials of introducing parasites from neighbouring countries [25, 26]. These and
previous studies which tested different anti-malarials in
Tanzania [18], provided important evidence of the efficacy and safety of anti-malarials, and the data generated
was used to support changes of malaria treatment guidelines to replace chloroquine with SP in 2001 [27] and AL
to replace SP in 2006 [17]. Most of the recent studies
focused on AL, which is the first line anti-malarial for the
treatment of uncomplicated malaria in mainland Tanzania ([20], and Ishengoma et al. pers. commun.). However, data on the performance of other ACT is scanty [19,
20] and urgently needed to support timely review and
changes of treatment guidelines in case of emergence of
drug resistance to the current regimen. With confirmed
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resistance to artemisinins [11, 13, 14] and piperaquine in
SEA [22], it is critical to ensure that studies to assess the
efficacy and safety of other ACT are conducted in Tanzania. The current study was conducted at two NMCP
sentinel sites to assess the efficacy and safety of ASAQ
and DP for the treatment of uncomplicated malaria. Of
these, ASAQ is the first-line anti-malarial in Zanzibar,
and DP was recently introduced in Tanzania as an alternative ACT for the treatment of uncomplicated falciparum malaria, in order to improve case management when
indicated or in case AL is out of stock [28].
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Methods
Study sites

This study was carried out between July and December
2017 at Kibaha and Ujiji sites, which are among the 8
NMCP sentinel sites for monitoring anti-malarial efficacy
in Tanzania [25, 26] (Fig. 1). The study was conducted at
Magindu dispensary in Kibaha district in Coastal (Pwani)
region, located about 100 km west of Dar es Salaam.
Kibaha is currently characterized as a low malaria transmission site with prevalence among under-fives ranging
from 5 to 10% in 2017 [29].

Fig. 1 Map of Tanzania showing the two NMCP sentinel sites marked with red triangles
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The second study site was Ujiji health centre which is
located in the district of Kigoma urban in Kigoma region,
north-western Tanzania. Despite high variability, the
entire region of Kigoma is considered to be an area of
high burden of malaria with parasite prevalence among
under-fives ranging from 26% between 2012 and 2016
[30–32] to more than 43% in 2017 [29] and Chiduo et al.
(pers. commun.). Further description of Ujiji site and
Kigoma urban district was provided elsewhere [33].
Study design and target population

This was a single-arm prospective study that assessed the
therapeutic efficacy and safety of ASAQ and DP for the
treatment of uncomplicated falciparum malaria. Children
aged between 6 months to 10 years and attending the
outpatients departments (OPDs) of the two health facilities were screened for possible inclusion in the study.
Patients were first enrolled in the DP group between July
and September 2017, until the sample size was attained
before enrolment for ASAQ was initiated (September to
November 2017). Enrolled patients were followed-up for
28 (ASAQ) or 42 days (DP) as per the WHO protocol of
2009 [24].
Sample size estimation

The sample size was determined based on WHO standard protocol [24], with the assumption that 5% of the
patients were likely to have a treatment failure after treatment with either of the two ACT. At a confidence level of
95% and an estimated precision of 5%; a minimum sample size was 73 patients in each treatment group at each
of the two sites of Kibaha and Ujiji. The sample size was
increased by 20% to allow for loss to follow-up and withdrawals during the 28 or 42-day follow-up for ASAQ and
DP, respectively. The final sample size was 88 patients per
drug per site and 352 for both drugs.
Screening and recruitment of study participants

Children presenting to OPDs with age ranging between
6 months to 10 years and fever at presentation (axillary
temperature ≥ 37.5 °C) or reported history of fever in the
last 24 h were screened for possible enrolment, as previously described [33]. Recruitment of study participants at
both sites was done starting with DP first followed with
ASAQ. Once the sample size for DP was reached enrolment for ASAQ started. Since the study was undertaken
in areas that have transitioned from high to moderate/
low malaria transmission, older children (up to 10 years)
were also enrolled and parasitaemia was adjusted to
include those with 250–200,000 asexual parasites per
microlitre of blood. Other inclusion and exclusion criteria were as per WHO protocol of 2009 [24], and as previously described [18–20].
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Laboratory examination

Laboratory screening involved a finger prick to obtain
a blood sample for quick detection of malaria parasites using rapid diagnostic tests (RDTs) and collection
of thick and thin blood smears for microscopy [33]. For
patients with positive RDT results, two blood slides were
collected and one of the slides was stained with 10%
Giemsa for 10–15 min and examined by microscopy to
detect presence of malaria parasites and the level of parasitaemia. The second blood slide was stained with 3%
Giemsa for 30–45 min and used to determine the actual
parasite density, species and presence of gametocytes.
Detection of malaria parasites, parasite count and quality
control of blood smears were undertaken as previously
described [18, 19].
From each patient, dried blood spots (DBS) on filter
papers (Whatmann No. 3, GE Healthcare Life Sciences,
PA, USA) were collected for PCR genotyping to distinguish recrudescent from new infections. Extraction of
parasite DNA from DBS was done at the laboratory
in Tanga using QIAamp DNA blood mini kit (Qiagen
GmbH, Hilden, Germany) according to the manufacturer’s instructions. Genotyping of paired samples (day
0 and parasites collected on or after day 14) was done
by analysis of the highly polymorphic loci of merozoite
surface proteins 1 and 2 (msp1 and msp2), and glutamate
rich protein (glurp) genes to distinguish true recrudescence from re-infection as previously described [24, 34].
Treatment and follow‑up

Patients enrolled in the study were treated with either
ASAQ ( Winthrop®, Sanofi Aventis, Morocco) or DP
(Duo-Cortecxin®, Holley-Cotec Pharmaceuticals, China)
obtained from WHO. The co-formulated ASAQ tablets
contained 25 mg or 67.5 mg of artesunate and 50 mg
or 135 mg amodiaquine in a tablet. DP was also a coformulated regimen with tablets containing 40 mg and
320 mg of dihydroartemisinin and piperaquine, respectively. The drugs were administered according to the recommended doses based on body weight of patients. For
ASAQ (25/67.5 mg), 1 tablet was given to children weighing < 10 kg; and for the 50/135 mg tablets, 1 tablet was
given to those with 10–20 kg; 2 tablets to children with
21–30 kg and 3 tablets to children weighing > 30 kg. DP
(40/320 mg) was administered with a quarter, half, a full
tablet or 2 tablets given to patients weighing 5 to < 7 kg, 7
to < 13 kg, 13 to < 24 kg and 24 to < 36 kg, respectively.
A full course of either ASAQ or DP consisted of 3 doses
given once daily after every 24 h. Patients were observed
for 30 min to ensure that they did not vomit the study
drugs. When vomiting occurred, a repeat dose was given
after vomiting stopped. Any patient who persistently
vomited the study medication was withdrawn and treated
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with intravenous quinine or intramuscular artesunate
according to the national guidelines for management of
severe malaria [17]. Paracetamol was given to all patients
with body temperature greater than or equal to 38 °C. All
doses of the study drugs were administered orally under
direct observation of a study nurse.
Scheduled follow-up visits were done on days 1, 2, 3, 7,
14, 21 and 28 for ASAQ or with 2 extra visits on 35 day
and 42 for DP; or at any other time (unscheduled visits)
when patients felt unwell. Parents/guardians were asked
to bring their children to the clinic at any time when they
felt unwell without waiting for scheduled visits or taking
them to other health facilities for medical attention. All
patients who failed to turn up for their scheduled visits
by mid-day were followed-up at their respective homes
by a member of the study team and asked to come to the
health centre for their visits. Patients who travelled away
from the centre and could not be traced, were classified
as lost and withdrawn from the study. During the visits,
both clinical and parasitological assessments were performed; and follow-up samples (blood slides and DBS)
were also collected.
Safety assessment

Both passive and active methods were used to assess the
safety of the two drugs through interviews with parents/
guardian to capture and report adverse events (AEs) or
serious adverse events (SAEs). Parents/guardian were
interviewed at each visit and asked to report any occurrence and nature of AE or SAE that occurred at home
between follow-up visits. At the study facilities, clinical examination and/or laboratory tests were also used
to determine and capture AEs and SAEs. The captured
events were recorded on case report forms for each follow-up visit. An AE or SAE were defined and classified
according to WHO protocol [24]. Reporting procedures
for any SAE included submission of a written report by
the principal investigator to the sponsor (the National
Institute for Medical Research—NIMR), NMCP and the
Tanzanian Medical Research Coordinating Committee
(MRCC) of NIMR (which is the national ethics review
board in Tanzania). Reporting of an SAE was done within
24 h of occurrence regardless of whether the principal
investigator considered the event to be related to the
investigated drug or not. Patients with AEs or SAEs were
thoroughly assessed and managed accordingly, and the
events were also assessed to determine their association
with the study drugs.
Outcome classification

The primary end point was parasitological cure on
day 28 for ASAQ and day 42 for DP as per WHO protocol of 2009 [24], while secondary end points included
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parasitaemia on day 3 and occurrence of AEs/SAEs. The
primary treatment outcomes were classified as early
treatment failure (ETF), late clinical failure (LCF), late
parasitological failure (LPF), and adequate clinical and
parasitological response (ACPR) before and after PCR
correction [24]. Rescue treatment for recurrent infections
identified during follow-up was done using artemether–
lumefantrine while patients with severe malaria were
managed with intravenous quinine or intramuscular
artesunate.
Ethical considerations

The protocol was reviewed and approved by the MRCC
of NIMR and permission to conduct the study at the
health facilities was sought in writing from the relevant
regional and district medical authorities. Oral and written informed consent was obtained from parents or
guardians of all eligible patients before their children
were screened for possible inclusion into the study. Information about the study protocol, inclusion criteria, follow-up schedule, and benefits and risks of participating
in the study was provided to parents/guardians during
the consenting process. The study is registered at ClinicalTrials.gov, No. NCT03431714.
Data management and analysis

Single entry was concurrently performed at the study
sites during data collection while the second entry was
done by another data entry clerk after the end of fieldwork. The data were entered into a Microsoft Access
database accessible online via internet, and was later
validated, cleaned and analysed using STATA for Windows, version 13 (STATA Corporation, TX-USA). The
data were also transferred to the WHO Excel software
programme [35], for automatic analysis of treatment outcomes. Descriptive statistics such as percentages, mean,
median, standard deviation, and range were reported as
appropriate. Treatment outcomes were analysed based
on per protocol method and Kaplan–Meier analysis and
reported as uncorrected and PCR corrected cure rates.
Baseline characteristics, primary and secondary outcomes were compared between the two sites for each
drug. Continuous variables such as log10 transformed
parasite density (at enrolment) and age of patients
from the two sites were compared using t test (for normally distributed data) or Mann–Whitney U test (a
non-parametric test for non-normally distributed data).
Distinguishing recrudescent from new infections was
done using msp2 followed by glurp and msp1 based on
the WHO protocol [24, 34]. Inconclusive results were
reported as non-determined and excluded from the
analysis of treatment outcomes. For all statistical tests,
p-value of < 0.05 was considered to be significant.
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Results
Baseline characteristics

A total of 724 patients were screened at both sites, 333
(46.0%) were enrolled into the study and 326 (97.9%)
completed the follow-up visits or had an assigned treatment outcome (Figs. 2 and 3). There was no significant difference in age (p = 0.097), axillary temperature
(p = 0.216) and sex (p = 0.946) of patients recruited at the
2 sites (Table 1). Children recruited at Kibaha had significantly higher weight (p = 0.003) and height (p < 0.001)
compared to those from Ujiji. In addition, geometric
mean parasite density was significantly higher at Ujiji
than Kibaha (p = 0.013) (Table 1).
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DP group from Ujiji site had LCF. For DP, PCR uncorrected ACPR of 98.8% (85/86) was reported at Kibaha
on day 28 while it was 100% at Ujiji (Table 2). On day
42, PCR uncorrected ACPR of DP was 98.8 (85/86)
and 75.9% (63/83) at Kibaha and Ujiji, respectively
(Table 3). After PCR correction, all recurrent infections in the DP group from both sites were new infections and PCR corrected ACPR was 100.0% (Tables 2
and 3). For ASAQ, there was no treatment failure in
both sites and the PCR uncorrected ACPR on day 28
was 100.0% (Table 2). Only one patient in the DP arm
(1.1%) from Ujiji had parasites on day 3 (Tables 2 and
3).

Treatment outcomes

Three patients (0.9%) were lost to follow-up at both
sites while four (1.2%) (two from each site in the DP
group) were withdrawn from the study for different
reasons (Fig. 2 and Tables 2, 3). A total of 326 (97.9%)
patients attained the study outcomes and were used
in per protocol analysis, while in the Kaplan–Meier
analysis; patients lost to follow-up and those withdrawn were included in the analysis until the last day
seen. Before PCR correction (on day 42), 1 (1.2%) and
15 (18.1%) patient in the DP group at Kibaha and Ujiji,
respectively, had LPF while 5 (6.0%) patients in the

Safety outcomes

Among the patients recruited in this study (n = 333), 175
(52.6%) had one or more events of AEs, with 223 episodes
of AEs at both sites. The commonly reported AE episodes
included cough (39.0%), running nose (14.8%), abdominal pain (7.2%), diarrhoea (7.2%), fever (6.7%), vomiting
(4.0%), skin itching (3.1%), painful micturition (2.7%),
painful ear (2.7%), difficulty in breathing (2.2%) and others (Table 4). Other AEs (n = 23) included 4 events each
of headache, painful swallowing and mouth sore; three
events were reported for loss of appetite and painful eyes;

Fig. 2 Trial profile for ASAQ showing the flow of patients during screening, enrolment and follow-up
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Fig. 3 Trial profile for DP showing the flow of patients during screening, enrolment and follow-up

Table 1 Baseline characteristics of children enrolled at Kibaha and Ujiji
Variable

Study sites

Overall

Kibaha

Ujiji

DP

ASAQ

DP

ASAQ

Screened

144

101

191

288

724

Enrolled

88 (61.1)

69 (68.3)

88 (46.1)

88 (30.6)

333 (46.0)

Age in years, mean (SD)

5.5 (2.8)

5.0 (2.7)

4.8 (2.6)

4.7 (2.8)

5.0 (2.7)

Gender (male), n (%)

54 (61.4)

34 (49.3)

45 (51.1)

53 (63.2)

186 (55.7)

Weight (kg), median
(IQR)**

17 (13.3–21)

15 (12.5–22)

14 (12–18)

14.6 (11–18.5)

15 (12–19)

Height in cm, median
(IQR)***

109 (93–123)

104 (92.5–121)

101 (83–112)

101 (86–115)

104 (90–119)

Body temp (°C) ± mean
(SD)

37.9 (1.2)

37.8 (1.1)

38.2 (1.3)

38.0 (1.4)

38.0 (1.2)

Parasitaemia-GMPD
(asexual pf/µl) 95% CI*

24,974 (18,822–33,136) 24,441 (16,166–36,954) 36,726 (27,481–49,082) 36,137 (28,809–45,329) 30,357 (26,157–35,231)

°C, degree Celsius; SD, standard deviation; GMPD, Geometric mean parasite density; pf, Plasmodium falciparum; 95% CI, 95% confidence interval; n, number of
patients; IQR, Inter quartile range; µl, microlitre; ETF, early treatment failure; LCF, late clinical failure; LPF, late parasitological failure; ACPR, adequate clinical and
parasitological response; PP, number of patients involved in the per protocol analysis; LFU, lost to follow-up; WD, withdrawn; n, number of episodes
* p = 0.013, ** p = 0.003, *** p < 0.001
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Table 2 Treatment outcomes before and after PCR genotyping on day 28
Item

Kibaha

Ujiji

Outcome

DP (n = 88)

ASAQ (n = 69)

DP (n = 88)

Total
ASAQ (n = 88)

N = 333

PCR uncorrected
Day 3 parasitaemia

0 (0.0%)

0 (0.0%)

1 (1.1%)

0 (0.0%)

1 (0.3%)

ETF

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

LPF

1 (1.2%)

0 (0)

0 (0.0%)

0 (0)

1 (0.3%)

LCF

0 (0)

0 (0)

0 (0.0%)

0 (0)

0 (0.0%)

ACPR

85 (98.8%)

69 (100%)

83 (100%)

88 (100%)

325 (99.6%)

Total PP

86

69

83

88

326

LFU

0 (0%)

0 (0%)

3 (3.4%)

0 (0%)

3 (0.9%)

WD

2 (2.3%)

0 (0%)

2 (2.3%)

0 (0%)

4 (1.2%)

PCR corrected
ETF

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

LPF

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

LCF

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

ACPR

85 (100%)

69 (100%)

83 (100%)

88 (100%)

325 (100%)

Total PP

85

69

83

88

325

LFU

0 (0.0%)

0 (0%)

3 (3.4%)

0 (0.0%)

3 (0.9%)

WD

2 (2.3%)

0 (0.0%)

2 (2.3%)

0 (0.0%)

4 (1.2%)

Table 3 Treatment outcomes for DP before and after PCR
genotyping on day 42
Item

Kibaha

Ujiji

Total

Outcome

DP (n = 88)

DP (n = 88)

N = 176

Day 3 parasitaemia

0 (0.0%)

1 (1.1%)

1 (0.6%)

ETF

0 (0.0%)

0 (0.0%)

0 (0.0%)

LPF

1 (1.2%)

15 (18.1%)

16 (9.5%)

LCF

0 (0)

5 (6.0%)

5 (3.0%)

ACPR

85 (98.8%)

63 (75.9%)

148 (87.6%)

Total PP

86

83

169

LFU

0 (0%)

3 (3.4%)

3 (1.7%)

WD

2 (2.3%)

2 (2.3%)

4 (2.3%)

ETF

0 (0.0%)

0 (0.0%)

0 (0.0%)

LPF

0 (0.0%)

0 (0.0%)

0 (0.0%)

LCF

0 (0.0%)

0 (0.0%)

0 (0.0%)

ACPR

85 (100%)

63 (100%)

148 (100%)

Total PP

85

63

148

LFU

0 (0.0%)

3 (3.4%)

3 (1.7%)

WD

3 (3.4%)

22 (25.0%)

25 (7.5%)

PCR uncorrected

PCR corrected

and one event each of chicken pox, common cold, anaemia, blood in stool and visible worms. No case of SAE
was reported at the two sites and all AEs were managed
accordingly.

Discussion
This study was conducted to assess efficacy and safety of
ASAQ and DP which are alternative ACT in Tanzania
in order to provide data that will potentially support the
review process and formulation of new treatment guidelines in case of resistance to the current anti-malarials.
The findings showed high efficacy of ASAQ and DP at
both sites, where the cure rate of ASAQ (PCR uncorrected ACPR = 100%) was higher compared to what was
reported in other studies done in both Mainland Tanzania and Zanzibar [36–38]. The cure rate of ASAQ was
also higher compared to previous studies from other
East African countries [39–44] and across Africa [45,
46]. These results could possibly be due to resumption
of parasite sensitivity to amodiaquine after it was withdrawn in 2006 when the interim treatment guidelines
of 2001 (which had SP as first-line and amodiaquine as
the second-line anti-malarial) were changed to introduce
ACT [17].
Previous studies conducted in Tanzania before and
after the 2006 policy changes showed low PCR corrected cure rates among patients treated with ASAQ
which ranged from 88 to 94% [18] and this was possibly due to high resistance to amodiaquine monotherapy
[38, 47, 48]. Furthermore, studies conducted in Tanzania
and other countries in SSA showed high treatment failure to amodiaquine which is a partner drug in the ASAQ
combination [18, 39, 41, 43–46, 49]. Thus, withdrawal of
amodiaquine monotherapy and introduction of AL could
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Table 4 Episodes of adverse events reported at Kibaha and Ujiji
AEs

Kibaha

Ujiji

Total (n = 223)

DP (n = 73)

ASAQ (n = 38)

DP (n = 62)

ASAQ (n = 50)

Cough

37 (50.7)

19 (50.0)

15 (24.2)

16 (32.0)

87 (39.0)

Running nose

15 (20.5)

3 (7.9)

7 (11.3)

8 (16.0)

33 (14.8)

Abdominal pain

4 (5.5)

2 (5.3)

6 (9.7)

4 (8.0)

16 (7.2)

Diarrhoea

2 (2.7)

1 (2.6)

7 (11.3)

6 (12.0)

16 (7.2)

Fever

3 (4.1)

1 (2.6)

8 (12.9)

3 (6.0)

15 (6.7)

Vomiting

3 (4.1)

0 (0)

3 (4.8)

3 (6.0)

9 (4.0)

Skin itching

3 (4.1)

1 (2.6)

3 (4.8)

0 (0)

7 (3.1)

Painful micturition

0 (0)

1 (2.6)

4 (6.5)

1 (2.0)

6 (2.7)

Painful ear

1 (1.4)

1 (2.6)

2 (3.2)

2 (4.0)

6 (2.7)

Difficulty in breathing

0 (0)

0 (0)

1 (1.6)

4 (8.0)

Others

5 (6.8)

9 (23.7)

6 (9.7)

3 (6.0)

5 (2.2)
23 (10.3%)

n = number of episodes

have resulted into restoration of amodiaquine sentistivity
due to reduced drug pressure leading to high efficacy of
ASAQ. However, studies have also showed that increased
use of lumefantrine as a partner drug selects for parasites
which are sensitive to both chloroquine and amodiaquine
[23]. Further surveillance will be required to monitor the
performance of ASAQ in areas such as Mainland Tanzania where drug pressure caused by amodiaquine is continuously reduced by use of AL.
According to WHO, the proportion of patients with
parasitaemia on day 3 post-treatment (day 3 positivity
rate) should be reported as an important indicator for
identifying suspected artemisinin partial resistance in P.
falciparum [50]. In this study, all patients but one (99.7%)
cleared parasites on day 3. This is consistent with studies done in Tanzania [15–18] and other African countries [51–53], further suggesting that partial resistance to
artemisinin has not emerged in Tanzania. The high PCR
corrected cure rate for DP in this study supports earlier findings from Tanzania, whereby the PCR corrected
cure rates ranging from 94.6 to 100% have been recently
reported in Kyela, Muheza and Ujiji [19, 20]. Similarly,
studies undertaken in the East African regions [51, 54–
56] and across Africa [57, 58] have reported high cure
rates among patients with uncomplicated malaria treated
with DP.
Although the current study reported day 42 PCR corrected ACPR of 100%, a high rate of recurrent infection was also reported in the DP group at Ujiji and all
occurred after day 28. PCR uncorrected ACPR of both
drugs on day 28 was 100% and all recurrent infections in
the DP group were confirmed to be new infections after
PCR genotyping. This is a major concern for effective
case management since previous studies involving other

artemisinin-based combinations [18, 19] also reported
higher rates of recurrent infections particularly in areas
with high malaria transmission like Kigoma. In the previous studies, recurrent infections among patients treated
with different artemisinin-based combinations (most of
them were due to new infections) were attributed to high
transmission of malaria in Kigoma and other sites where
high prevalence among under-fives has been reported
[29–32]. In Kigoma, a recent study also reported high
density of Anopheles funestus (Chiduo et al., pers. commun.), which is a highly potent malaria vector, suggesting that more strategies and targeted malaria control
interventions are urgently required to reduce the burden
of malaria in this region. From the NMCP perspective,
there is a need to ensure that preventive measures like
insecticide-treated bed nets are made available and used
by the population living in these areas.
This study also showed that the two drugs were well
tolerated with minimal AEs and with no any SAE. Of the
AEs, majority of the cases (39.0%) had episodes of cough
and the rest had other mild symptoms. Studies conducted in Tanzania [18, 20] and elsewhere in Africa [58]
reported similar safety profile of ASAQ and DP when the
drugs were used for the treatment of uncomplicated falciparum malaria.

Conclusion
This study showed that the two artemisinin-based combinations had high efficacy for the treatment of uncomplicated falciparum malaria with PCR corrected cure
rate of 100% for both drugs. The drugs had adequate
safety profile with no SAE and all the reported AEs
were mild, and resolved on their own or after medical
interventions. Further surveillance will be required to
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assess the efficacy and safety of these alternative forms
of ACT in order to support regular review of malaria
treatment guidelines in Tanzania.
Abbreviations
ACPR: adequate clinical and parasitological response; ACT: artemisinin-based
combination therapy; AE: adverse event; AL: artemether–lumefantrine;
ASAQ: artesunate–amodiaquine; DBS: dried blood spots on filter papers; DP:
dihydroartemisinin–piperaquine; ETF: early treatment failure; glurp: glutamaterich protein gene; LCF: late clinical failure; LPF: late parasitological failure;
MRCC: Medical Research Coordinating Committee; RDTs: rapid diagnostic
tests for malaria; msp1: merozoite surface protein 1 gene; msp2: merozoite
surface protein 2 gene; NIMR: National Institute for Medical Research; NMCP:
National Malaria Control Programme; PCR: polymerase chain reaction; SAE:
serious adverse event; TES: therapeutic efficacy studies; WHO: World Health
Organization.
Authors’ contributions
CIM, DSI, MGC, BN, RM, SM, FC, FM, RN and AM conceived and designed the
study; CIM, MGC did the field data collection under supervision of DSI and
were all involved in overall implementation of the study. RN and MW provided
technical oversight and monitored the study; CIM, FF, MW and DSI managed,
cleaned and analysed the data. CIM and DSI wrote the manuscript with contribution from MW. All authors read and approved the final manuscript.
Author details
1
National Institute for Medical Research, Tanga Research Centre, Tanga,
Tanzania. 2 Kilimanjaro Christian Medical University College, Moshi, Tanzania.
3
Muhimbili University of Health and Allied Sciences, Dar es Salaam, Tanzania.
4
National Malaria Control Programme, Dar es Salaam, Tanzania. 5 Swiss Tropical and Public Health Institute, Dar es Salaam, Tanzania. 6 World Health Organization Country Office, Dar es Salaam, Tanzania. 7 Global Malaria Programme,
World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland.
8
Present Address: Gothenburg University, Gothenburg, Sweden.
Acknowledgements
Authors wish to thank parents/guardians of all children who took part in the
study. They are grateful to health facilities’ staff, other stakeholders, local health
authorities and colleagues from implementing partners at NIMR (Ezekiel
Malecela, Juma Tupa, August Nyaki, Rashid Madebe, Gineson Nkya, Benson
Swai, Fides Mumburi, Neema Barua, Seth Nguhu and Thomas Semdoe) and
MUHAS (John Masimba, Claris Ossere and Zakayo Nzella) for their support. The
Ministry of Health, Community Development, Gender, Elderly and Children
through NMCP and the Medical Stores Department provided mRDTs. The
support provided by Prof. Michael Alifrangis by providing reagents for PCR
genotyping is highly appreciated. Thanks to WHO for providing test drugs,
filter papers and technical support. Permission to publish this paper was
provided by the Director General of NIMR.
Competing interests
The authors declare that they have no competing interests.
Availability of data
The data set used in this study is available and can be shared upon reasonable
request to NMCP through the corresponding author.
Consent for publication
Not applicable.
Disclaimer
Ritha Njau is a staff member of the World Health Organization and Marian Warsame recently retired staff of the World Health Organization. They
alone are responsible for the views expressed in this publication, which do
not necessarily represent the decisions, policy or views of the World Health
Organization.

Page 10 of 12

Ethics approval and consent to participate
This study was approved by the MRCC of NIMR and permission to conduct the
study in the 2 districts was sought and obtained from the district authorities of Kibaha and Ujiji. Parents/guardians of all study participants provided
consent by signing the informed consent forms before enrolment. This study
is registered at ClinicalTrials.gov, No. NCT03431714.
Funding
Funding was obtained from the Global Fund to fight AIDS, Tuberculosis and
Malaria through the Tanzanian NMCP.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 4 December 2018 Accepted: 20 March 2019

References
1. WHO. World Malaria Report 2016. Geneva: World Health Organization;
2016.
2. Snow RW, Sartorius B, Kyalo D, Maina J, Amratia P, Mundia CW, et al. The
prevalence of Plasmodium falciparum in sub-Saharan Africa since 1900.
Nature. 2017;550:515–8.
3. WHO. World Malaria Report 2018. Geneva: World Health Organization;
2018.
4. Ministry of Health. Annual Health Statistics Abstract. Tanzania: Dar es
Salaam; 2006.
5. WHO. Guidelines for the treatment of malaria. Geneva: World Health
Organization; 2006.
6. WHO. Guidelines for treatment of malaria. Geneva: World Health Organization; 2015.
7. Sagara I, Beavogui AH, Zongo I, Soulama I, Borghini-Fuhrer I, Fofana B,
et al. Safety and efficacy of re-treatments with Pyronaridine–artesunate in
African patients with malaria: a substudy of the WANECAM randomised
trial. Lancet Infect Dis. 2016;16:189–98.
8. West African network for clinical trials of antimalarial drugs. Pyronaridine–artesunate or dihydroartemisinin–piperaquine versus current
first-line therapies for repeated treatment of uncomplicated malaria: a
randomised, multicentre, open-label, longitudinal, controlled, phase 3b/4
trial. Lancet. 2018;391:1378–90.
9. Bukirwa H, Unnikrishnan B, Kramer CV, Sinclair D, Nair S, Tharyan P.
Artesunate plus pyronaridine for treating uncomplicated Plasmodium
falciparum malaria. Cochrane Database Syst Rev. 2014;3:CD006404.
10. WHO. World Malaria Report 2011. Geneva: World Health Organization;
2011.
11. Ashley EA, Dhorda M, Fairhurst RM, Amaratunga C, Lim P, Suon S, et al.
Spread of artemisinin resistance in Plasmodium falciparum malaria. N Engl
J Med. 2014;371:411–23.
12. Leang R, Canavati SE, Khim N, Vestergaard LS, Borghini-Fuhrer I, Kim S,
et al. Efficacy and safety of Pyronaridine–artesunate for treatment of
uncomplicated Plasmodium falciparum malaria in Western Cambodia.
Antimicrob Agents Chemother. 2016;60:3884–90.
13. Takala-Harrison S, Jacob CG, Arze C, Cummings MP, Silva JC, Dondorp
AM, et al. Independent emergence of artemisinin resistance mutations among Plasmodium falciparum in Southeast Asia. J Infect Dis.
2015;211:670–9.
14. Tun KM, Imwong M, Lwin KM, Win AA, Hlaing TM, Hlaing T, et al.
Spread of artemisinin-resistant Plasmodium falciparum in Myanmar: a
cross-sectional survey of the K13 molecular marker. Lancet Infect Dis.
2015;15:415–21.
15. Phuc BQ, Rasmussen C, Duong TT, Dong LT, Loi MA, Menard D, et al.
Treatment failure of dihydroartemisinin/piperaquine for Plasmodium
falciparum malaria, Vietnam. Emerg Infect Dis. 2017;23:715–7.
16. Thanh NV, Thuy-Nhien N, Tuyen NT, Tong NT, Nha-Ca NT, Dong LT, et al.
Rapid decline in the susceptibility of Plasmodium falciparum to dihydroartemisinin–piperaquine in the south of Vietnam. Malar J. 2017;16:27.

Mandara et al. Malar J

(2019) 18:99

17. Ministry of Health. National Guidelines for malaria diagnosis and treatment. Tanzania: Dar es Salaam; 2006.
18. Shayo A, Buza J, Ishengoma DS. Monitoring of efficacy and safety of
artemisinin-based anti-malarials for treatment of uncomplicated malaria:
a review of evidence of implementation of anti-malarial therapeutic
efficacy trials in Tanzania. Malar J. 2015;14:135.
19. Mandara CI, Kavishe RA, Gesase S, Mghamba J, Ngadaya E, Mmbuji P,
et al. High efficacy of artemether–lumefantrine and dihydroartemisinin–
piperaquine for the treatment of uncomplicated falciparum malaria in
Muheza and Kigoma Districts, Tanzania. Malar J. 2018;17:261.
20. Kakolwa MA, Mahende MK, Ishengoma DS, Mandara CI, Ngasala B,
Kamugisha E, et al. Efficacy and safety of artemisinin-based combination
therapy, and molecular markers for artemisinin and piperaquine resistance in mainland Tanzania. Malar J. 2018;17:369.
21. Mwaiswelo R, Ngasala B, Gil JP, Malmberg M, Jovel I, Xu W, et al. Sustained
high cure rate of artemether–lumefantrine against uncomplicated
Plasmodium falciparum malaria after 8 years of its wide-scale use in Bagamoyo District, Tanzania. Am J Trop Med Hyg. 2017;97:526–32.
22. Leang R, Taylor WR, Bouth DM, Song L, Tarning J, Char MC, et al. Evidence
of Plasmodium falciparum malaria multidrug resistance to artemisinin
and piperaquine in Western Cambodia: dihydroartemisinin–piperaquine
open-label multicenter clinical assessment. Antimicrob Agents Chemother. 2015;59:4719–26.
23. Menard D, Dondorp A. Antimalaria drug resistance: a threat to malaria
elimination. In: Biology in the era of eradication. Wirth D, Alonso P, Eds.
New York: Cold Spring Harb Perspect Med. 2017;7:255–78.
24. WHO. Methods for surveillance of antimalarial drug efficacy. Geneva,
World Health Organization, 2009.
25. East African Network for Monitoring Antimalarial Treatment (EANMAT).
Monitoring antimalarial drug resistance within National Malaria Control
Programmes: the EANMAT experience. Trop Med Int Health. 2001;6:891–8.
26. East African Network for Monitoring Antimalarial Treatment (EANMAT).
The efficacy of antimalarial monotherapies, sulphadoxine–pyrimethamine and amodiaquine in East Africa: implications for sub-regional
policy. Trop Med Int Health. 2003;8:860–7.
27. Ministry of Health. National guidelines for malaria diagnosis and treatment. Tanzania: Dar es Salaam; 2000.
28. Ministry of Health. National guidelines for diagnosis and treatment of
malaria. Tanzania: Dar es Salaam; 2014.
29. United Republic of Tanzania. Tanzania HIV and Malaria Indicator Survey.
Tanzania: Dar es Salaam; 2017.
30. Tanzania Demographic and Health Survey and Malaria Indicator Survey
(TDHS-MIS) 2015–16. Dar es Salaam/Tanzania, 2016.
31. United Republic of Tanzania. Tanzania HIV/AIDS and Malaria indicator
survey 2007/2008. Tanzania: Dar es Salaam; 2008.
32. United Republic of Tanzania, ICF International. Tanzania HIV/AIDS and
Malaria Indicator Survey 2011–2012. Dar es Salaam, Tanzania, 2014.
33. Ishengoma DS, Shayo A, Mandara CI, Baraka V, Madebe RA, Ngatunga D,
et al. The role of malaria rapid diagnostic tests in screening of patients to
be enrolled in clinical trials in low malaria transmission settings. Health
Syst Policy Res. 2016;3:1–10.
34. WHO. Methods and techniques for clinical trials on antimalarial drug efficacy: genotyping to identify parasite population. Amsterdam, Medicine
for Malaria Venture, World Health Organization; 2007.
35. WHO. Tools for monitoring antimalarial drug efficacy: WHO data entry
and analysis tool. Geneva: World Health Organization; 2018.
36. Kabanywanyi AM, Mwita A, Sumari D, Mandike R, Mugittu K, Abdulla S.
Efficacy and safety of artemisinin-based antimalarial in the treatment
of uncomplicated malaria in children in southern Tanzania. Malar J.
2007;6:146.
37. Mårtensson A, Stromberg J, Sisowath C, Msellem MI, Gil JP, Montgomery SM, et al. Efficacy of artesunate plus amodiaquine versus that of
artemether–lumefantrine for the treatment of uncomplicated childhood
Plasmodium falciparum malaria in Zanzibar, Tanzania. Clin Infect Dis.
2005;41:1079–86.
38. Mutabingwa TK, Anthony D, Heller A, Hallett R, Ahmed J, Drakeley C,
et al. Amodiaquine alone, amodiaquine + sulfadoxine-pyrimethamine,
amodiaquine + artesunate, and artemether–lumefantrine for outpatient
treatment of malaria in Tanzanian children: a four-arm randomised effectiveness trial. Lancet. 2005;365:1474–80.

Page 11 of 12

39. Dorsey G, Staedke S, Clark TD, Njama-Meya D, Nzarubara B, Maiteki-Sebuguzi C, et al. Combination therapy for uncomplicated falciparum malaria
in Ugandan children: a randomized trial. JAMA. 2007;297:2210–9.
40. Ndayiragije A, Niyungeko D, Karenzo J, Niyungeko E, Barutwanayo M, Ciza
A, et al. Efficacy of therapeutic combinations with artemisinin derivatives
in the treatment of non complicated malaria in Burundi. Trop Med Int
Health. 2004;9:673–9.
41. Rwagacondo CE, Karema C, Mugisha V, Erhart A, Dujardin JC, Van Overmeir C, et al. Is amodiaquine failing in Rwanda? Efficacy of amodiaquine
alone and combined with artesunate in children with uncomplicated
malaria. Trop Med Int Health. 2004;9:1091–8.
42. Thwing JI, Odero CO, Odhiambo FO, Otieno KO, Kariuki S, Ord R, et al. Invivo efficacy of amodiaquine-artesunate in children with uncomplicated
Plasmodium falciparum malaria in western Kenya. Trop Med Int Health.
2009;14:294–300.
43. Yeka A, Lameyre V, Afizi K, Fredrick M, Lukwago R, Kamya MR, et al. Efficacy and safety of fixed-dose artesunate–amodiaquine vs. artemether–
lumefantrine for repeated treatment of uncomplicated malaria in
Ugandan children. PLoS ONE. 2014;9:e113311.
44. Yeka A, Kigozi R, Conrad MD, Lugemwa M, Okui P, Katureebe C, et al.
Artesunate/amodiaquine versus artemether/lumefantrine for the treatment of uncomplicated malaria in Uganda: a randomized trial. J Infect
Dis. 2016;213:1134–42.
45. Ndiaye JL, Faye B, Diouf AM, Kuete T, Cisse M, Seck PA, et al. Randomized,
comparative study of the efficacy and safety of artesunate plus amodiaquine, administered as a single daily intake versus two daily intakes in
the treatment of uncomplicated falciparum malaria. Malar J. 2008;7:16.
46. Zwang J, Olliaro P, Barennes H, Bonnet M, Brasseur P, Bukirwa H, et al. Efficacy of artesunate–amodiaquine for treating uncomplicated falciparum
malaria in sub-Saharan Africa: a multi-centre analysis. Malar J. 2009;8:203.
47. Lemnge M, Alifrangis M, Kafuye MY, Segeja MD, Gesase S, Minja D, et al.
High reinfection rate and treatment failures in children treated with
amodiaquine for falciparum malaria in Muheza villages, Northeastern
Tanzania. Am J Trop Med Hyg. 2006;75:188–93.
48. Lemnge MM, Ali AS, Malecela EK, Sambu E, Abdulla R, Juma MS, et al.
Therapeutic efficacy of sulfadoxine-pyrimethamine and amodiaquine
among children with uncomplicated Plasmodium falciparum malaria in
Zanzibar, Tanzania. Am J Trop Med Hyg. 2005;73:681–5.
49. Yeka A, Banek K, Bakyaita N, Staedke SG, Kamya MR, Talisuna A, et al. Artemisinin versus non-artemisinin combination therapy for uncomplicated
malaria: randomized clinical trials from four sites in Uganda. PLoS Med.
2005;2:e190.
50. WHO. Artemisinin resistance and artemisinin-based combination efficacy:
status report. Geneva: World Health Organization; 2018.
51. Ogutu BR, Onyango KO, Koskei N, Omondi EK, Ongecha JM, Otieno GA,
et al. Efficacy and safety of artemether–lumefantrine and dihydroartemisinin–piperaquine in the treatment of uncomplicated Plasmodium
falciparum malaria in Kenyan children aged less than five years: results of
an open-label, randomized, single-centre study. Malar J. 2014;13:33.
52. Maiga AW, Fofana B, Sagara I, Dembele D, Dara A, Traore OB, et al. No
evidence of delayed parasite clearance after oral artesunate treatment
of uncomplicated falciparum malaria in Mali. Am J Trop Med Hyg.
2012;87:23–8.
53. Muhindo MK, Kakuru A, Jagannathan P, Talisuna A, Osilo E, Orukan F,
et al. Early parasite clearance following artemisinin-based combination
therapy among Ugandan children with uncomplicated Plasmodium
falciparum malaria. Malar J. 2014;13:32.
54. Agarwal A, McMorrow M, Onyango P, Otieno K, Odero C, Williamson J,
et al. A randomized trial of artemether–lumefantrine and dihydroartemisinin–piperaquine in the treatment of uncomplicated malaria among
children in western Kenya. Malar J. 2013;12:254.
55. Karema C, Fanello CI, Van Overmeir C, Van Geertruyden JP, Van Doren
W, Ngamije D, et al. Safety and efficacy of dihydroartemisinin/piperaquine (Artekin) for the treatment of uncomplicated Plasmodium
falciparum malaria in Rwandan children. Trans R Soc Trop Med Hyg.
2006;100:1105–11.
56. Wanzira H, Kakuru A, Arinaitwe E, Bigira V, Muhindo MK, Conrad M, et al.
Longitudinal outcomes in a cohort of Ugandan children randomized to
artemether–lumefantrine versus dihydroartemisinin–piperaquine for the
treatment of malaria. Clin Infect Dis. 2014;59:509–16.

Mandara et al. Malar J

(2019) 18:99

57. Plucinski MM, Talundzic E, Morton L, Dimbu PR, Macaia AP, Fortes F, et al.
Efficacy of artemether–lumefantrine and dihydroartemisinin–piperaquine for treatment of uncomplicated malaria in children in Zaire and
Uige Provinces, angola. Antimicrob Agents Chemother. 2015;59:437–43.
58. Ursing J, Rombo L, Rodrigues A, Kofoed PE. Artemether–lumefantrine
versus dihydroartemisinin–piperaquine for treatment of uncomplicated

Page 12 of 12

Plasmodium falciparum malaria in children aged less than 15 years in
Guinea-Bissau—an open-label non-inferiority randomised clinical trial.
PLoS ONE. 2016;11:e0161495.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

