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Adding a single low‑dose of primaquine
(0.25 mg/kg) to artemether‑lumefantrine
did not compromise treatment outcome
of uncomplicated Plasmodium falciparum
malaria in Tanzania: a randomized,
single‑blinded clinical trial
Richard Mwaiswelo1, Billy Ngasala1*, Irina Jovel2, Berit Aydin‑Schmidt2, Roland Gosling3,4, Zul Premji5,
Bruno Mmbando6, Anders Björkman2 and Andreas Mårtensson7

Abstract
Background: The World Health Organization (WHO) recently recommended the addition of a single low-dose of the
gametocytocidal drug primaquine (PQ) to artemisinin-based combination therapy (ACT) in low transmission set‑
tings as a component of pre-elimination or elimination programmes. However, it is unclear whether that influences
the ACT cure rate. The study assessed treatment outcome of artemether-lumefantrine (AL) plus a single PQ dose
(0.25 mg/kg) versus standard AL regimen for treatment of acute uncomplicated Plasmodium falciparum malaria in
Tanzania.
Methods: A randomized, single-blinded, clinical trial was conducted in Yombo, Bagamoyo district, Tanzania. Acute
uncomplicated P. falciparum malaria patients aged ≥1 year, with the exception of pregnant and lactating women,
were enrolled and treated with AL plus a single PQ dose (0.25 mg/kg) or AL alone under supervision. PQ was admin‑
istered together with the first AL dose. Clinical and laboratory assessments were performed at 0, 8, 24, 36, 48, 60, and
72 h and on days 7, 14, 21, and 28. The primary end-point was a polymerase chain reaction (PCR)-adjusted adequate
clinical and parasitological response (ACPR) on day 28. Secondary outcomes included: fever and asexual parasitaemia
clearance, proportion of patients with PCR-determined parasitaemia on day 3, and proportion of patients with Pfmdr1
N86Y and Pfcrt K76T on days 0, 3 and day of recurrent infection.
Results: Overall 220 patients were enrolled, 110 were allocated AL + PQ and AL, respectively. Parasite clearance by
microscopy was fast, but PCR detectable parasitaemia on day 3 was 31/109 (28.4 %) and 29/108 (26.9 %) in patients
treated with AL + PQ and AL, respectively (p = 0.79). Day 28 PCR-adjusted ACPR and re-infection rate was 105/105
(100 %) and 101/102 (99 %) (p = 0.31), and 5/107 (4.7 %) and 5/8 (4.8 %) (p = 0.95), in AL + PQ and AL arm, respec‑
tively. There was neither any statistically significant difference in the proportion of Pfmdr1 N86Y or Pfcrt K76T between
treatment arms on days 0, 3 and day of recurrent infection, nor within treatment arms between days 0 and 3 or day 0
and day of recurrent infection.
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Conclusion: The new WHO recommendation of adding a single low-dose of PQ to AL did not compromise treat‑
ment outcome of uncomplicated P. falciparum malaria in Tanzania.
Trial registration number NCT02090036
Keywords: Plasmodium falciparum malaria, Artemether-lumefantrine, Primaquine, Cure rate

Background
Artemisinin-based combination therapy (ACT) is generally recommended as first-line treatment for uncomplicated Plasmodium falciparum malaria globally [1].
Recently, the World Health Organization (WHO) has
recommended the addition of a 0.25 mg/kg single-dose of
the gametocytocidal drug primaquine (PQ) to standard
ACT regimen as a component of pre-elimination or elimination of malaria in low-intensity transmission settings
and for containment in areas threatened by artemisinin
resistance [2, 3]. Most concerns with this new recommendation have been on safety, due to the potential risk
of PQ-induced haemolysis in glucose-6-phosphate dehydrogenase (G6PD)-deficient patients. Equally important
is to ensure that the treatment outcome of ACT is not
compromised by the addition of a single-low dose of PQ.
This is of particular concern since the individual patient
with uncomplicated malaria does not personally benefit
from PQ intake, the potential benefits, i.e., of reduced
transmission, are rather on community level. However,
no study has reported on the cure rate of ACT in addition to 0.25 mg/kg single-dose PQ.
Anti-malarial drug efficacy depends upon appropriate drug levels being reached and maintained for a long
enough time for the drug to act [4]. Insufficient exposure is associated with increased risk of treatment failure. Inhibition of drug metabolism through drug–drug
interaction may lead to insufficient exposure and consequently reduced efficacy [4, 5]. However, comprehensive
data on potential interactions between artemether-lumefantrine (AL) and PQ are currently lacking, and therefore
it remains unclear whether the addition of this single
low-dose (0.25 mg/kg) PQ may compromise the efficacy
of AL [6].
The aim of this study was to assess treatment outcome
of the recent WHO recommendation of adding a single
PQ dose (0.25 mg/kg) to AL versus standard AL regimen for treatment of acute uncomplicated P. falciparum
malaria in Tanzania.
Methods
Study area

This trial was conducted at Yombo primary health facility,
Bagamoyo district, Tanzania, between July and November, 2014. The health facility is located southwest, about
20 km, from Bagamoyo town. It serves approximately

7000 people and has capability to carry out routine
malaria microscopy and rapid diagnostic test.
Malaria transmission is high and occurs throughout the
year with peaks related to the long rain season from May
to July and short rain season from November to December. In the study area, P. falciparum is the major malaria
species and Anopheles gambiae sensu stricto the main
vector [7–9]. AL has been used as the first-line treatment for uncomplicated malaria since 2006. Sulfadoxine-pyrimethamine is used for intermittent preventive
treatment in pregnant women. Long-lasting, insecticidetreated mosquito nets is the major vector control method
[10]. G6PD deficiency prevalence in the study area has
previously been estimated to 13.6 % in hemizygous males
and 4.5 % in homozygous females [11].
Study design

This was a randomized, single-blinded, clinical trial comparing treatment outcome and safety of AL plus a single
low-dose PQ (AL + PQ) versus standard AL regimen.
Safety outcomes have been presented in a separate publication [11]. Patients with uncomplicated microscopically
confirmed P. falciparum mono-infection were enrolled,
randomly assigned to either AL + PQ or AL treatment,
admitted during the first 3 days of treatment and thereafter followed up until day 28 after treatment initiation.
Treatment outcome was based on polymerase chain
reaction (PCR)-adjusted parasitological cure. Therapeutic failures were classified as; early treatment failure
(ETF), late clinical failure (LCF), or late parasitological
failure (LPF) [12].
Study population

Patients presenting at the study site with suspected acute
uncomplicated malaria were screened for eligibility.
Inclusion criteria were age ≥1 year, weight ≥10 kg, body
temperature ≥37.5 °C or history of fever in the last 24 h,
microscopy confirmed P. falciparum mono-infection, any
parasitaemia level, ability to swallow oral medication,
ability and willingness to abide by the study protocol and
the stipulated follow-up visits, and a written informed
consent (in case of children a proxy consent from a parent/guardian). Exclusion criteria were evidence of severe
malaria or danger signs, known allergy to trial medicines, reported anti-malarial intake ≤2 weeks, haemoglobin (Hb) <8 g/dL, blood transfusion within last 90 days,
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febrile condition other than malaria, known underlying
chronic or severe disease (including severe malnutrition),
pregnancy and breastfeeding.
Randomization and blinding

Treatment allocation was done using sex-stratified, block
randomization with four blocks, two per treatment arm
using RESEARCH RANDOMIZER (version 4) (computer
software) (Wesleyan University, Connecticut, USA) [13].
Opaque envelopes containing the pre-determined
treatment codes were kept serially in a male and female
strata. The envelopes were opened by a study nurse just
before the first treatment dose was administered. Patients
were blinded to the assigned treatment.
Treatment

A standard, weight-based, three-day course of AL
(Coartem®, Novartis) was administered to all patients
according to Tanzania national treatment guideline for
uncomplicated P. falciparum malaria [14]. AL dispersible tablets suspended in water were administered to
children who were not able to swallow tablets. A single
0.25 mg/kg PQ dose (Primaquine phosphate, Sanofi)
was administered together with AL first dose to patients
assigned AL + PQ treatment. The accuracy of PQ dose
among patients weighing less than 60 kg body weight was
ensured by administering the drug in aqueous solution,
whereas for adults weighing 60 kg and above the drug
was administered as tablet. To make aqueous solution, a
15 mg PQ tablet was suspended in 15 mL of water, and
the dose was measured using a sterile syringe based on
body weight. To achieve the single blinding, the PQ dose
was prepared in the absence of patients, and a glucosebased syrup was added to mask the PQ taste, whereas
for patients allocated AL alone, the same glucose-based
syrup was administered with AL first dose. Adult patients
allocated to the AL + PQ arm, during consenting, never
knew in which treatment arm they were allocated, and
during drug administration, PQ tablet was mixed with
AL tablets, however, in case patients asked about the
additional tablet, they were told that the tablet was given
to prevent treatment side effects. In order to optimize
AL absorption and minimize PQ gastro-intestinal side
effects, biscuits were administered prior to all drug doses
[15]. A study nurse administered/supervised intake of
all drug doses. Patients were monitored for 30 min after
each drug dose. Treatment was re-administered in case
of vomiting within this period.
Lost follow‑up and patient withdrawal

Study withdrawal criteria were: vomiting the trial medicine >three times, withdrawal of consent, intake of any
medicine with anti-malarial properties outside the study
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protocol, or any protocol violation. Subjects were considered lost to follow-up and consequently withdrawn if they
missed a scheduled follow-up visit and did not attend on
the successive days despite efforts to trace them at their
homes [12]. A subject who returned before the last day of
follow-up was not considered a lost follow-up. Subjects
with symptoms/signs of severe disease (including repetitive vomiting of trial medicine) were treated according
to the national guideline and were then followed up until
recovery.
Procedures

Clinical assessment was performed at 0, 8, 24, 36, 48,
60, and 72 h and on days 7, 10, 14, 21, 28 or on any day
of recurrent illness. The assessment included history of
clinical symptoms, possible adverse events, concomitant
drug consumption and clinical examination including
measurement of axillary temperature. Fever was defined
as body temperature ≥37.5 °C. A case record form was
used to record all clinical and laboratory data. Laboratory
assessment involved collection of finger-prick blood samples for Hb concentration, thick smears for microscopydetermined asexual and sexual parasitaemia, thin smears
for species determination (at enrolment) and filter-paper
blood samples for parasite detection and genotyping by
PCR. Hb assessment was done on days 0, 1, 2, 3, 7, 10, 14,
21, 28 or on any day of recurrent illness, whereas, filter
paper and blood slide samples were collected at 0, 8, 24,
36, 48, 60, and 72 h and on days 7, 10, 14, 21, 28 or on any
day of recurrent illness. Hb concentration was measured
using a portable spectrophotometer, HemoCue Hb 201+
(HemoCue AB, Ängelholm Sweden), with a precision
of ±0.3 g/dL. A control cuvette at 16.0 ± 0.3 g/dL was
used for daily calibration according to manufacturer’s
instruction.
A 10 % Giemsa solution was used to stain thick and
thin blood smears. Thin smears were prepared once, i.e.,
at enrolment, whereas thick smears were prepared at all
sampling time points. Asexual parasites were counted
against 200 white blood cells (WBC). The obtained number was multiplied by 40, assuming 8000 leukocytes
per μL of blood, to gain an approximate parasite count.
In case no parasites were observed after examining 100
fields, the blood slide was considered negative. Each slide
was read by two independent microscopists. In case they
disagreed on presence of parasitaemia or if density differed by more than 25 %, a third independent reading was
performed. In case of positive versus negative results, a
third independent reading was used to confirm the reading of the first two readers. The filter paper (3MM Whatman) blood samples were labelled, air-dried at room
temperature for 3–4 h and then packed in individual
plastic bags and stored. After study completion, all filter
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papers were transported to Karolinska Institutet, Sweden, for molecular analysis.
A 10 % Chelex-100® method was used to extract genomic
DNA from dried blood spots [16]. Paired blood samples
(pre-treatment and day of recurrent parasitaemia) from
patients classified as LCF or LPF were genotyped to differentiate recrudescence from re-infection by stepwise
genotyping of P. falciparum block 3 of merozoite surface
protein (msp) 2, block 2 of msp 1 and region II (RII) of
glutamate-rich protein (glurp) [17]. The respective initial
amplifications were followed by individual nested PCR
reactions using family specific primers for msp1 (K1,
MAD20 and RO33) and msp2 (FC27 and IC) and seminested for RII of glurp [17]. The amplicons were loaded
on a GelRed™ (Biotium, Hayward, CA, USA) stained agarose gel, separated by electrophoresis and then visualized
under ultraviolet transillumination (Gel Doc™, Bio-Rad,
Hercules, CA, USA), and sized by Image Lab™ software
(Bio-Rad, Hercules, CA, USA). Alleles in each family
were considered the same if fragments size were within
20 base pair interval. Subjects with recurrent parasitaemia by microscopy, which could not be confirmed by
PCR were considered to have uncertain-PCR-adjusted
outcome.
Recrudescence was defined as presence of at least one
matching allelic band, and re-infection was defined as
absence of any matching allelic band at baseline and on
the day of parasite recurrence [17]. In addition, P. falciparum multi-drug resistant gene 1 (Pfmdr1) asparagine (N)86-tyrosine (Y) and chloroquine resistance transporter
gene (Pfcrt) lysine (K)-76-threonine (T) were genotyped
using nested PCR followed by restriction fragment length
polymorphism using ApoI restriction enzyme as previously described [18].
Molecular analysis

Study end‑points

The primary outcome was the proportion of patients
with PCR-adjusted adequate clinical and parasitological response (ACPR) by day 28. Secondary outcomes
included: fever and asexual parasite clearance, proportion of patients with PCR-determined parasitaemia on
day 3, PCR- determined re-infection rate, and proportion
of patients with Pfmdr1 N86Y and Pfcrt K76T on days 0,
3 and day of recurrent infection.
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arm was required. Data were double-entered in an electronic database and analysed using SPSS software version
16 (SPSS Inc, Chicago, USA) as per protocol. Independent sample t test was used to compare means. Non-parametric data were compared using Chi square, Fisher’s or
McNemar tests as appropriate. Cure rate end points were
analysed by survival analysis, and the survival curves of
the two treatment arms were plotted and compared using
log-rank test. Data were censored at the time of withdrawal for patients lost to follow up, withdrew consent
and PCR determined re-infection or uncertain PCR outcome. A p ≤ 0.05 was considered significant.

Results
Patients’ characteristics and trial profile

The flow of patients through the trial is presented in
Fig. 1. In summary, a total of 1065 subjects were screened
for eligibility, of whom 845 were not included. The
remaining 220 were enrolled, 110 per treatment arm.
Pre-treatment characteristics of the study participants
are presented in Table 1.
Treatment outcomes

Treatment outcomes are presented in Table 2 and Fig. 2.
There was no statistically significant difference in the
cure (p = 0.31) or re-infection rates (p = 0.95) by day
28 between the treatment arms. The survival curves for
the cure rate were not statistically significant different
(p = 0.94).
Gametocyte carriage

Microscopic gametocytaemia was only detected in one
patient at enrolment and in two patients at 24 h, both
treated with AL + PQ. Thereafter, no gametocyte carriage was detected.
Parasite and fever clearance

Microscopy-determined asexual parasite and fever clearance was rapid and similar across treatment arms (Figs. 3
and 4). No parasite carriage was observed after 36 and
48 h in AL + PQ and AL arm, respectively.
PCR detectable parasitaemia on day 3

On day 3, PCR detectable parasitaemia was found in
31/109 (28.4 %) and 29/108 (26.9 %) patients treated with
AL + PQ and AL, respectively (p = 0.79).

Statistical analysis

Prevalence of Pfmdr1 N86Y and Pfcrt K76T

Sample size calculation was based on equivalence,
defined as margin of 10 % PCR-adjusted ACPR, between
the treatments. Allowing for 10 % attrition, 80 % power
at 0.05 significance, a sample size of 110 per treatment

The distribution of Pfmdr1 N86Y and Pfcrt K76T on days
0, 3 and day of recurrent infection across treatments is
presented in Table 3. There was neither any statistically
significant difference in the proportion of Pfmdr1 N86Y
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Fig. 1 Flow of patients through the trial

Table 1 Pre-treatment characteristics of the study subjects
Characteristic

Treatment arm

P-value

AL + PQ

AL

n = 110

n = 110

Female, n (%)

55 (50)

55 (50)

1.0

Age (years), median (range)

9 (5.6–15)

10 (5–23)

0.392‡

Body weight (kg), mean (SD)

30.7 (17.1)

34.3 (19.6)

0.145†

Body temperature (°C), mean (SD)

38.3 (1.1)

38.3 (1.3)

0.977†

Fever (≥37.5 °C), n (%)

88 (80)

80 (73)

0.204¥

Geometric mean asexual parasite density/µl (95 % CI)

8327 (5451–12,717)

8384 (5437–12,927)

0.982†

‡

†

¥

Mann–Whitney test, Student t-test, Chi square test

or Pfcrt K76T between treatment arms on days 0, 3 and
day of recurrent infection, nor within treatment arms
between days 0 and 3 or day 0 and day of recurrent infection. Pooling of all 220 patients did not result in a statistically significant selection in Pfmdr1 N86 (p = 0.07,
McNemar test) or Pfcrt K76 (p = 0.25, McNemar test)
between days 0 and 3, or between day 0 and day of recurrent infection [Pfmdr1 N86 (p = 1.0, McNemar test),
Pfcrt K76 (p = 1.0, McNemar test)].

Discussion
This study provides much needed data on treatment
outcome of the new WHO recommendation of adding
a single low-dose (0.25 mg/kg) of PQ to AL compared
with standard AL treatment alone. Both regimens provided high cure rates for the treatment of acute uncomplicated P. falciparum malaria in Tanzania, with similar
PCR-ACPR as previously has been reported from the
same study area of AL alone [19–21], and that of other
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Table 2 Treatment outcome
Outcome

Treatment arm

P-value

AL + PQ
(n = 107)

AL
(n = 104)

Early treatment failure

0

0

Late clinical failure

2 (1.8 %)

6 (5.8 %)

0.16

Late parasitological failure

5 (4.7 %)

2 (1.9 %)

0.45

Crude cure rate by day 28

100 (93.5 %)

96 (92.3 %)

0.73

Uncertain PCR outcome by day
28

2 (1.9 %)

2 (1.9 %)

1.0

PCR-determined re-infection rate
by day 28

5 (4.7 %)

5 (4.8 %)

0.95

Recrudescence

0

1 (1.0 %)

PCR-adjusted ACPR by day 28

105 (100.0 %) 101 (99.0 %)

0.49
0.31

ACPR adequate clinical and parasitological response

Fig. 2 Kaplan-Meier survival curve for cure rate of subjects treated
with AL + PQ and AL

previously reported studies on AL plus 0.75, 0.4 or
0.1 mg/kg single-dose PQ [15, 22]. Similar crude cure
rates and PCR-determined re-infection rates were also
found between the treatment arms. Moreover, asexual
parasite clearance was rapid in both arms. However, a
relatively large, but equal, proportion of patients across
treatment arms had PCR-detectable parasitaemia on day
3. These findings therefore suggest that the addition of a
single low-dose PQ (0.25 mg/kg) does neither compromise the treatment outcome nor interfere with parasite
clearance of AL.
Previous studies have reported selection of Pfmdr1 N86
and Pfcrt K76 among recurrent infections during followup after AL treatment [23–25], and also between enrolment and day 3 [26]. A similar selection was not observed
in the present study. This may be due to that there has

Fig. 3 Microscopy-determined parasite clearance following treat‑
ment with AL + PQ and AL

Fig. 4 Fever clearance following treatment with AL + PQ and AL

been a temporal selection of Pfmdr1 N86 and Pfcrt K76
in the study area ever since AL was introduced as firstline treatment of uncomplicated malaria in 2006 [27],
which has resulted in an overall higher baseline prevalence of the two alleles in recent years, which in turn may
mask the selection potential of lumefantrine on these
drug tolerance/resistance markers. Importantly, adding a
single 0.25 mg/kg dose of PQ to AL did not apparently
increase the selection potential of AL on Pfmdr1 N86 and
Pfcrt K76, neither during the early treatment phase nor
among recurrent infections during follow-up after treatment. Thus, the findings suggest that addition of this single low-dose PQ (0.25 mg/kg) does not apparently spur
the selection potential of drug resistance markers previously associated with lumefantrine tolerance/resistance.
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Table 3 Pfmdr1 N86Y and Pfcrt K76T distribution on day 0,
3 and day of recurrent infection
Treatment arm
AL+PQ

AL

P-value

Day 0
Pfmdr1

N86

91 (85.8 %)

92 (85.9 %)

0.49

86Y

11 (10.4 %)

8 (7.5 %)

0.45
0.54

N86Y
Pfcrt

4 (3.8 %)

7 (6.5 %)

K76

97 (95.1 %)

101 (98.1 %)

0.49

76T

1 (0.9 %)

0 (0 %)

0.71

K76T

4 (3.9 %)

2 (1.9 %)

0.44

N86

15 (65.2 %)

20 (76.9 %)

0.59

86Y

2 (8.6 %)

2 (7.7 %)

0.54

6 (26.1 %)

4 (15.4 %)

0.48

24 (85.7 %)

27 (96.4 %)

0.24

Day 3
Pfmdr1

N86Y
Pfcrt

K76
76T

2 (7.1 %)

0 (0 %)

0.6

K76T

2 (7.1 %)

1 (3.6 %)

0.6

Day of recurrent parasitaemia
Pfmdr1

Pfcrt

N86

2 (66.7 %)

6 (85.7 %)

0.28

86Y

0 (0 %)

0 (0 %)

–

N86Y

1 (33.3 %)

1 (14.3 %)

1.0

K76

2 (100 %)

4 (80 %)

0.68

76T

0 (0 %)

0 (0 %)

–

K76T

0 (0 %)

1 (20 %)

1.0

The study has some potential limitations including that
it involved patients of all ages with all levels of parasitaemia despite the WHO recommendation to conduct
efficacy studies in children under the age of 5 years with
parasitaemia level of 2000–200,000/µl of blood in highly
malaria-endemic countries such as Tanzania, to minimize the influence of immunity on treatment outcome
in older individuals. However, this study was done to
assess whether adding PQ to AL would potentially compromise the efficacy of latter drug probably due to drug–
drug interaction, that can be done at all ages and levels of
parasitaemia.

Conclusion
The new WHO recommendation of adding a single lowdose (0.25 mg/kg) of PQ to AL did not compromise treatment outcome of uncomplicated P. falciparum malaria in
Tanzania. The findings support the use of a single lowdose of PQ together with AL as a potential component of
ongoing P. falciparum malaria elimination efforts.

Abbreviations
ACT: artemisinin-based combination therapy; ACPR: adequate clinical and
parasitological response; AL: artemether-lumefantrine; CI: confidence interval;
crt: chloroquine resistance; CYP: cytochrome P; DNA: deoxyribonucleic acid;
ETF: early treatment failure; GCP: good clinical practices; G6PD: glucose6-phosphate dehydrogenase; Hb: haemoglobin; IMCH: International maternal
and child health; K: lysine; LCF: late clinical failure; LPF: late parasitological fail‑
ure; mdr: multidrug resistance; N: asparagine; n: sample size; NMCP: National
malaria control programme; PCR: polymerase chain reaction; PQ: primaquine;
RFLP: restriction fragment length polymorphism; SD: standard deviation; SPSS:
statistical package for social sciences; T: threonine; WBC: white blood cell;
WHO: World Health Organization; Y: tyrosine.
Authors’ contributions
AB, AM, BN, and RM provided the conception and design of the study. RM
collected data in the field. BA, IJ and RM performed molecular analysis. BM and
RM performed data analysis and interpretation. RM drafted the manuscript
together with AM and BN. AB, BM and ZP helped to draft the manuscript. All
authors revised the manuscript critically for intellectual content. All authors
read and approved the final manuscript.
Author details
1
Department of Parasitology and Medical Entomology, Muhimbili University
of Health and Allied Sciences, Dar Es Salaam, Tanzania. 2 Department of Micro‑
biology, Tumor and Cell Biology, Karolinska Institutet, Stockholm, Sweden.
3
Department of Epidemiology and Biostatistics, University of California San
Francisco, San Francisco, CA, USA. 4 Global Health Group, University of Cali‑
fornia San Francisco, San Francisco, CA, USA. 5 Aga Khan University Hospital,
Nairobi, Kenya. 6 Tanga Centre, National Institute for Medical Research, Tanga,
Tanzania. 7 Department of Women’s and Children’s Health, International Mater‑
nal and Child Health (IMCH), Uppsala University, Uppsala, Sweden.
Acknowledgements
The authors thank all the patients and parents/guardians for participating in
the study. Sanofi provided the primaquine tablets.
Competing interests
The authors declare that they have no competing interests.
Availability of data and material
The dataset supporting the conclusions of this article is included within the
article (and its Additional file 1).
Consent for publication
Not applicable.
Ethics approval and consent to participate
The trial adhered to good clinical practice (GCP), the Declaration of Helsinki,
and applicable regulatory requirements in Tanzania. The ethics committees
of the Muhimbili University of Health and Allied Sciences and the National
Institute for Medical Research approved the trial. The Tanzania Food and Drug
Authority ethics committee approved the importation and use of PQ. During
the trial, an independent data monitoring and safety board conducted an
interim safety analysis. All patients and parents/guardians of patients aged
<18 years provided written informed consent, prior to enrolment. This study is
registered at clinicaltrials.gov (NCT02090036).
Funding
Financial support was obtained from the bilateral sida grant: The Swedish
Development Cooperation Agency (Bil-Tz 16/9875007059) and Swedish
Research Council (VR) [2013–6594].
Received: 14 April 2016 Accepted: 5 July 2016

Additional file
Additional file 1. Artemether-lumefantrine + primaquine versus
artemether-lumefantrine dataset.

References
1. WHO. World Malaria Report 2010. Geneva, World Health Organization,
2010.

Mwaiswelo et al. Malar J (2016) 15:435

2.
3.
4.
5.
6.
7.
8.
9.

10.

11.

12.
13.
14.

15.

16.

WHO. Evidence Review Group: The safety and effectiveness of single dose
primaquine as a P. falciparum gametocytocide. Geneva, World Health
Organization, 2012.
WHO. Guidelines for the treatment of malaria. 3rd ed. Geneva, World
Health Organization, 2015.
Barnes KI, Lindegardh N, Ogundahunsi O, Olliaro P, Plowe CV, Randrianari‑
velojosia M, et al. World Antimalarial Resistance Network (WARN) IV:
clinical pharmacology. Malar J. 2007;6:122.
Dooley KE, Flexner C, Andrade AS. Drug interactions involving combina‑
tion antiretroviral therapy and other anti-infective agents: repercussions
for resource-limited countries. J Infect Dis. 2008;198:1–14.
Eziefula AC, Gosling R, Hwang J, Hsiang MS, Bousema T, von Seidlein L,
et al. Rationale for short course primaquine in Africa to interrupt malaria
transmission. Malar J. 2012;11:360.
Mnzava AEP, Kilama WL. Observations on the ecological distribution of
Anopheles gambiae complex in Tanzania. Acta Trop. 1986;43:277–82.
Temu EA, Minjas JN, Coetzee M, Hunt RH, Shiff CJ. The role of four
anopheline species (Diptera: Culicidae) in malaria transmission in coastal
Tanzania. Trans R Soc Trop Med Hyg. 1998;92:152–8.
Kabula B, Derua Y, Tungu P, Massue DJ, Sambu E, Stanley G, et al. Malaria
entomological profile in Tanzania from 1950 to 2010: A review of mos‑
quito distribution, vectorial capacity and insecticide resistance. Tanzan J
Health Res. 2011;13:1–14.
NMCP. National malaria stratergic plan 2014–2020. National Malaria
Control Prograamme. Ministry of Health and Social Welfare. The United
Republic of Tanzania. http://ihi.eprints.org/3314/1/Malaria_Strategic_
Plan_Full_Version_02_27_14.pdf (2014). Accessed 20 Feb 2016.
Mwaiswelo R, Ngasala BE, Jovel I, Gosling R, Premji Z, Poirot E, et al. Safety
of a single low-dose of primaquine in addition to standard artemetherlumefantrine regimen for treatment of acute uncomplicated Plasmodium
falciparum malaria in Tanzania. Malar J. 2016;15:316.
WHO. Methods for surveillance of antimalarial drug efficacy. Geneva,
World Health Organization, 2009.
Urbaniak GC, Plous S. Research Randomizer (version 4.0) (Computer
software). http://www.randomizer.org/ (2013). Accessed 22 June 2013.
NMCP. Tanzania Malaria Programme Review 2010. Programme Review
Proposal. National Malaria Control Programme. Ministry of Health and
Social Welfare. Dar es Salaam, Tanzania. http://www.rollbackmalaria.
org/files/files/countries/Tanzania-The-malaria-program-performancereview-2010.pdf. Accessed 12 Jan 2016.
Eziefula AC, Bousema T, Yeung S, Kamya M, Owaraganise A, Gabagaya
G, et al. Single dose primaquine for clearance of Plasmodium falciparum
gametocytes in children with uncomplicated malaria in Uganda: a ran‑
domised, controlled, double-blind, dose-ranging trial. Lancet Infect Dis.
2014;14:130–9.
Hsiang MS, Lin M, Dokomajilar C, Kemere J, Pilcher CD, Dorsey G, Green‑
house B. PCR-based pooling of dried blood spots for detection of malaria
parasites: optimization and application to a cohort. J Clin Microbiol.
2010;48:3539–43.

Page 8 of 8

17. Snounou G, Zhu X, Siripoon N, Jarra W, Thaithong S, Brown K, et al. Biased
distribution of mspl populations in Thailand and msp2 allelic variants in
Plasmodium falciparum. Trans R Soc Trop Med Hyg. 1999;2:369–74.
18. Djimdé A, Doumba O, Cortese J, Kayentao K, Doumbo S, Diourte Y, et al.
A molecular marker for chloroquine-resistant falciparum malaria. N Engl J
Med. 2001;344:257–63.
19. Ngasala BE, Malmberg M, Carlsson AM, Ferreira PE, Petzold MG, Blessborn
D, et al. Efficacy and effectiveness of artemether-lumefantrine after initial
and repeated treatment in children <5 years of age with acute uncompli‑
cated Plasmodium falciparum malaria in rural Tanzania: a randomized trial.
Clin Infect Dis. 2011;52:873–82.
20. Kamugisha E, Jing S, Minde M, Kataraihya J, Kongola G, Kironde F, et al.
Efficacy of artemether-lumefantrine in treatment of malaria among
under-fives and prevalence of drug resistance markers in IgombeMwanza. Malar J. 2012;11:58.
21. Shayo A, Mandara CI, Shahada F, Buza J, Lemnge MM, Ishengoma DS.
Therapeutic efficacy and safety of artemether-lumefantrine for the treat‑
ment of uncomplicated falciparum malaria in North-Eastern Tanzania.
Malar J. 2014;13:376.
22. Shekalaghe S, Drakeley C, Gosling R, Ndaro A, van Meegeren M, Enevold
A, et al. Primaquine clears submicroscopic Plasmodium falciparum game‑
tocytes that persist after treatment with sulphadoxine-pyrimethamine
and artesunate. PLoS One. 2007;2:1023.
23. Malmberg M, Ferreira PE, Tarning J, Ursing J, Ngasala B, Björkman A, et al.
Plasmodium falciparum drug resistance phenotype as assessed by patient
antimalarial drug levels and its association with pfmdr1 polymorphisms. J
Infect Dis. 2013;207:842–7.
24. Sisowath C, Stromberg J, Martensson A, Msellem M, Obondo C, Bjorkman
A, et al. In vivo selection of Plasmodium falciparum pfmdr1 86 N coding
alleles by artemether-lumefantrine (Coartem). J Infect Dis. 2005;191:1–4.
25. Sisowath C, Petersen I, Veiga MI, Mårtensson A, Premji Z, Björkman A,
et al. In vivo selection of Plasmodium falciparum parasites carrying the
chloroquine-susceptible pfcrt K76 allele after treatment with artemetherlumefantrine in Africa. J Infect Dis. 2009;199:750–7.
26. Henriques G, Hallett RL, Beshir KB, Gadalla NB, Johnson RE, Burrow R, et al.
Directional selection at the pfmdr1, pfcrt, pfubp1, and pfap2mu loci of
Plasmodium falciparum in Kenyan children treated with ACT. J Infect Dis.
2014;210:2001–8.
27. Malmberg M, Ngasala B, Ferreira PE, Larsson E, Jovel I, Hjalmarsson A,
et al. Temporal trends of molecular markers associated with artemetherlumefantrine tolerance/resistance in Bagamoyo district, Tanzania. Malar J.
2013;12:103.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

