
CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 110 NUMBER 6 | December 20211478

Effectiveness of Intermittent Preventive 
Treatment With Dihydroartemisinin- 
Piperaqunine Against Malaria in Pregnancy in 
Tanzania: A Randomized Controlled Trial
Eulambius M. Mlugu1,2 , Omary Minzi3 , Appolinary A. R. Kamuhabwa3  and Eleni Aklillu1,*

Intermittent preventive treatment in pregnancy with sulfadoxine- pyrimethamine (IPTp- SP) to prevent malaria and adverse 
birth outcomes is threatened by Plasmodium falciparum resistance to sulfadoxine- pyrimethamine. We investigated the 
effectiveness of intermittent preventive treatment in pregnancy with monthly dihydroartemisinin- piperaquine (IPTp- DHP) 
as an alternative option to IPTp- SP. A total of 956 malaria- free (malaria rapid diagnostic test (MRDT) negative) pregnant 
women from moderate malaria transmission areas in Tanzania were enrolled and randomized to receive monthly 
IPTp- DHP (n = 478) or IPTp- SP (n = 478) and followed for maternal and birth outcomes. The primary outcome was the 
prevalence of histopathologically confirmed placental malaria (active or past infection). Secondary outcomes were overall 
malaria at delivery, symptomatic- malaria, parasitemia during pregnancy, and adverse birth outcomes as a composite 
of spontaneous- abortion, premature birth, stillbirth, and low birth weight (LBW) fetal anemia. Outcome differences 
between treatment groups were expressed as the protective efficacy (PE), defined as 1- prevalence ratios or 1- incidence 
rate ratio. The prevalence of histopathologically confirmed placental malaria was significantly lower in IPTp- DHP (2.5%, 
12/478) than IPTp- SP (8.2%, 39/478); PE = 69% (95% confidence interval (CI): 42– 84, P < 0.001). The prevalence of 
maternal malaria at delivery was significantly lower in IPTp- DHP (8.2%) than IPTp- SP (18.2%, P < 0.001). The incidence 
per person- years at risk for symptomatic- malaria (0.02 vs. 0.12, P = 0.002) and parasitemia during pregnancy (0.28 vs. 
0.67, P < 0.001) were significantly lower in the IPTp- DHP group than in the IPTp- SP group. The prevalence of any adverse 
birth outcomes (composite) was not significantly (P = 0.06) different between IPTp- DHP (17.9%) and IPTp- SP (23.8%). 
However, the prevalence of LBW (4.6% vs. 9.6%, P = 0.003) was significantly lower in IPTp- DHP compared with IPTp- SP. 
We report superior protective efficacy of monthly IPTp- DHP against malaria in pregnancy and LBW than IPTp- SP.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Intermittent preventive treatment in pregnancy with monthly 
dihydroartemisinin– piperaquine (IPTp- DHP) is safe and prevents 
malaria in pregnancy more than the standard of care intermittent 
preventive treatment in pregnancy with sulfadoxine- pyrimethamine 
(IPTp- SP) in high malaria transmission settings when initiated 
early in the second trimester (≤ 20 weeks gestational age). But data 
from a moderate malaria transmission area is lacking.
WHAT QUESTION DID THIS STUDY ADDRESS?
 This randomized clinical trial compared the effectiveness of 
monthly IPTp- DHP against the standard of care IPTp- SP initi-
ated during the second and third trimester of pregnancy from 
an area with moderate malaria transmission.

WHAT DOES THIS STUDY ADD TO OUR KNOW-   
LEDGE?
 Compared with the standard IPTp- SP, we report signifi-
cantly higher protective efficacy of IPTp- DHP against malaria 
during pregnancy, malaria at delivery, and improves infant birth 
weight in moderate malaria transmission settings.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 This study provides an evidence- based recommendation of 
monthly IPTp- DHP against malaria in pregnancy and low birth 
weight for policymakers to revise IPTp strategies and guidelines 
in malaria- endemic areas with high rates of P- falciparum resist-
ance to sulfadoxine- pyrimethamine.
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Malaria in pregnancy is a significant public health problem affect-
ing more than 11 million pregnant women in sub- Saharan Africa.1 
Plasmodium falciparum infection causes maternal illness, anemia, 
premature birth, stillbirth, low birthweight (LBW), and associ-
ated mortality.1– 3 To prevent malaria during pregnancy, the World 
Health Organization (WHO) recommends intermittent preven-
tive treatment in pregnancy with sulfadoxine- pyrimethamine 
(IPTp- SP) in addition to insecticide- treated nets (ITNs) use and 
effective case treatment.4 However, the high prevalence of P. fal-
ciparum resistance to sulfadoxine- pyrimethamine (SP)5,6 compro-
mises the effectiveness of IPTp- SP in sub- Saharan Africa.5,7,8

The spread of P. falciparum resistance to SP has prompted an ur-
gent need for alternative strategies to control malaria in pregnancy. 
Different studies compared intermittent preventive treatment in 
pregnancy (IPTp) with amodiaquine, amodiaquine- SP, meflo-
quine, chloroquine- azithromycin, and azithromycin- SP vs. IPTp- 
SP.9– 12 However, these alternatives failed to replace IPTp- SP due to 
poor tolerance. Furthermore, intermittent screening and treatment 
in pregnancy (ISTp) using artemisinin- based combination therapy 
(ACTs) was also investigated. ISTp with artemether- lumefantrine 
in West Africa,13 and dihydroartemisinin- piperaquine (DHP) 
in Malawi and Kenya14,15 were not superior to IPTp- SP. Based 
on findings from these trials, ISTp was not recommended by the 
WHO due to the limited sensitivity of malaria rapid diagnostic 
tests.16

Nevertheless, ACTs provide attractive features for IPTp. For 
instance, a systematic review reported that ACTs had the lowest 
parasitological failure rates than SP when used for the treatment 
or chemoprevention of malaria in pregnancy.17 Besides, previous 
randomized controlled trials have shown that ACTs were safe and 
effective for treating malaria during the second and third trimes-
ters.18,19 However, in sub- Saharan Africa, most malaria infections 
in pregnancy are asymptomatic. This necessitates the need to ex-
pand the role of ACTs to IPTp. Among the ACTs, DHP is the 
most attractive option for this treatment approach given its safety, 
efficacy, once- daily dosing, and the longest post- treatment prophy-
lactic effect.20

So far, three clinical trials from high malaria transmission in-
tensity areas in East Africa explored the use of DHP for the pre-
vention of malaria in pregnancy. Two previous trials indicated 
that intermittent preventive treatment in pregnancy with monthly 
dihydroartemisinin- piperaquine (IPTp- DHP) resulted in a signif-
icant reduction of malaria infection during pregnancy compared 
with IPTp- SP.15,21 The third study compared monthly IPTp- SP vs. 
IPTp- DHP initiated at 16 or 20 weeks of gestation reported that 
monthly IPTp- DHP is safe and result in a better malaria protec-
tive efficacy, but no significant improvements in birth outcomes 
compared to IPTp- SP.22 However, in many sub- Saharan African 
countries, including Tanzania, most pregnant women initiate their 
first antenatal care (ANC) visit after 20 weeks of gestational age.23 
Therefore, it is unclear whether monthly IPTp- DHP commenced 
during the second and third trimesters would still be effective in 
preventing malaria during pregnancy. Furthermore, data from the 
moderate malaria transmission area is currently lacking and is cru-
cial, given the fact that transmission intensity affects the effective-
ness of the intervention. Moreover, more data are needed on the 

impact of IPTp- DHP on improving birth outcomes. Thus, larger 
sample size trials from different geographical locations with high 
levels of parasite resistance to SP are needed to provide further 
evidence- based recommendations for policy change as stressed by 
the WHO Malaria Policy Advisory Committee.24

In a randomized clinical trial, this study compared the effec-
tiveness of monthly DHP against the standard SP for intermittent 
prevention of malaria in pregnancy and adverse birth outcomes in a 
moderate malaria transmission setting in southeast Tanzania.

METHODS
Study design and setting
This was an open- label, two- group parallel randomized controlled trial 
to investigate the protective efficacy of IPTp- DHP vs. IPTp- SP against 
malaria in pregnancy and adverse birth outcomes. The study was con-
ducted at Kibiti Health Center, Kibiti district, in the Coast region 
southeast Tanzania, where the prevalence of quintuple and sextuple hap-
lotypes conferring resistance to SP were reported to be 90.2% and 1%, 
respectively.6,25

Study participants
The study targeted pregnant women attending their first ANC at the 
study site. The inclusion criteria were HIV- uninfected, age 16 years or 
older, malaria negative (rapid diagnostic test (RDT)), gestational age of 
≥ 13 weeks, willing and able to give informed consent. Exclusion criteria 
were a history of malaria for the past 1 month, clinical malaria, and severe 
anemia. Women with patent malaria were excluded because they were 
treated with artemether- lumefantrine, which may compromise the study 
intervention.

Randomization and blinding
The randomization list was generated by using permuted blocks of dif-
ferent sizes (4 or 8) to ensure balance and unpredictability overall. An in-
dependent statistician performed a computer- generated randomization 
list. A set of sequentially numbered, opaque, sealed, indistinguishable en-
velopes containing either active intervention or standard were prepared. 
Enrolled pregnant women were randomly assigned (1:1) by the allocation 
of the next sequentially numbered envelope. Midwives and clinicians re-
sponsible for delivery and collection of birth outcomes, and laboratory 
scientists responsible for processing and analysis of samples for outcome 
measures were blinded to treatment group allocation.

Study procedures
Pregnant women in the intervention group received IPTp- DHP (D- 
ARTEPP; Guilin Pharmaceutical Co. Ltd, China). Participants re-
ceived 3 tablets, each containing 40  mg of dihydroartemisinin and 
320 mg of piperaquine once a day for 3 consecutive days. The first dose 
was given as directly observed therapy at the ANC. Participants were 
emphasized to take the remaining second and third doses at home 
24th and 48th hours after the first dose, respectively. Self- reported 
adherence at the day 7 visit since enrollment was used to assess the ad-
herence of drugs administered at home. The control arm received the 
standard of care consisting of IPTp- SP with a single dose of 3 tablets, 
each containing 500 mg of sulfadoxine and 25 mg of pyrimethamine 
(Orodar; Elys Chemical Industries Ltd., Kenya) as directly observed 
therapy at the ANC. If vomiting occurred within the first 30 minutes, 
the full dose was repeated. At enrollment, participants received long- 
lasting ITNs for their beds.

Participants follow- up
Regular study visits were scheduled monthly, where a finger- prick 
blood sample was collected for detection of malaria parasites (RDT 
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and polymerase chain reaction (PCR)) and determination of hemoglo-
bin (Hb) level. At each monthly ANC visit, participants in either the 
IPTp- SP group or IPTp- DHP group received their respective study 
drugs. During unscheduled visits, all participants who presented with 
fever (temperature ≥ 37.5°C) or a history of fever in the previous 24 hours 
were screened for malaria using RDT and microscopy.

At delivery, a standardized assessment form was completed, including 
newborn sex, congenital anomalies, measurement of birth weight, and any 
adverse birth outcomes. Maternal venous blood, placental blood, and cord 
blood were collected in EDTA tubes and screened for malaria (RDT, mi-
croscopy, and PCR). Furthermore, two pieces of placental biopsy from the 
maternal side (2 cm3) were collected immediately after delivery and fixed 
with 10% buffered formalin for histopathological malaria detection.

After delivery, participants were followed for 6  weeks, where any ad-
verse events, including congenital anomalies, were assessed. All trial data 
were double entered into electronic case report forms database Census 
and Survey Processing System version 7 (CSPro 7; US Census Bureau, 
Suitland, MD).

Diagnosis of anemia
Hemoglobin concentrations were determined from maternal peripheral 
finger- pricks blood at enrollment, during each scheduled ANC visit, 
and from maternal- venous blood at delivery using digital HemoCue Hb 
201+ analyzer (HemoCue AB, Angelholm, Sweden). Maternal anemia 
was confirmed when maternal blood Hb level was < 11 g/dL.26 Fetal ane-
mia was confirmed when cord blood Hb was < 12.5 g/dL.27

Detection of malaria by RDT and microscopy
Malaria Pf/PAN (HRP2/pLDH) Ag Combo RDTs (Care start, 
ACCESS BIO Somerset, NJ) was used for the detection of malaria. 
RDTs were performed and read according to the manufacturer’s instruc-
tions. Thick blood smears stained with 2% Giemsa were prepared and 
read by experienced laboratory technicians. A thick blood smear was con-
sidered malaria negative when the examination of 100 high- power fields 
did not reveal asexual parasites and/or gametocytes.

Detection of malaria by histopathology
Placental tissues were processed and analyzed according to the standard 
procedures as previously described.28,29 Histopathological slides were 
read in duplicate by two independent readers. Discrepant readings were 
taken to a third reader, and conclusive results were based on two readers. 
Evidence for positive placental malaria was concluded when malaria par-
asites indicating active infection and/or malaria pigments indicating past 
infection were observed.

Detection of malaria by real- time PCR
Three circles of 3  mm in diameter from each dried blood spots were 
punched for genomic DNA isolation using QIAamp DNA blood micro 
kit (Qiagen GmbH, Hilden, Germany) following the manufacturer’s in-
structions. The 7500 Fast real- time PCR system (Applied Biosystems, 
Foster City, CA) was used to screen for Plasmodium infection (P.  fal-
ciparum, P.  vivax, P.  ovale, and P.  malariae) targeting the 18S rRNA 
gene, as described previously.30 Briefly, the master mix for a single 
reaction included species- specific probes and forward primers for all 
four Plasmodium species used in combination with a conserved reverse 
primer. The P. ovale- , P. malariae- , P. vivax- , and P. falciparum- probes, 
each labeled with a distinct fluorophore and Mustang Purple (Applied 
Biosystems), were used as the reference dye. Each multiplex PCR reac-
tion was performed in duplicate in a final volume of 15 μL per well con-
taining 3 μL DNA, 7.5 μL of TaqMan multiplex master mix (Applied 
Biosystems), 0.3  μL (10  μmol/L) of species- specific forward primers, 
0.75 μL (10 μmol/L) of the reverse primer, 0.15 μL (10 μmol/L) of the 
species- specific probe, passive reference dye Mustang Purple, and DNA/
RNA- free water. The samples were run using 45 cycles of PCR starting 

with initial denaturation at 95°C for 20 seconds, followed by thermal cy-
cles of 95°C for 3 seconds and 60°C for 20 seconds. Standards, negative, 
and species- specific positive controls were included on each plate. The 
assay was optimized to detect all species simultaneously.

Study outcomes
The primary outcome was the prevalence of histopathologically con-
firmed placental malaria, defined as the presence of any malaria parasites 
and/or malaria pigment in the placental tissue at delivery. A post hoc 
secondary analysis for histopathological placental malaria considering 
active and past infections was done. Secondary outcomes included (i) 
any malaria at delivery detected by histopathology, RDT, microscopy or 
PCR from a maternal, cord, or placental blood (ii) prevalence of symp-
tomatic malaria during pregnancy, (iii) prevalence of asymptomatic ma-
laria (parasitemia) during pregnancy, (iv) anemia during pregnancy (Hb 
level, < 11 g/dL), and (v) any adverse birth outcomes, including sponta-
neous abortion (< 28 weeks of gestational age), fetal anemia (cord blood 
Hb < 12.5 g/dL), stillbirth (≥ 28 weeks of gestational age), LBW (birth 
weight < 2,500 g), preterm delivery (delivery < 37 weeks gestational age), 
and congenital anomaly.22 Any adverse birth outcome was defined by a 
composite of LBW, premature birth, spontaneous abortion, stillbirth, 
and fetal anemia. Additionally, we did a post hoc analysis on adverse 
birth outcome by excluding fetal anemia. Assessment of drug safety was 
done by monitoring the prevalence of vomiting after administration of 
study drugs and the incidence of adverse events after initiation of drug 
intake up to 6 weeks post- partum.

Statistical analysis
The sample size was calculated, as described previously.31 Based on pre-
vious data,32 we assumed a 10% prevalence of histopathological placental 
malaria in pregnant women who received IPTp- SP. Considering the pre-
vious trial21 that reported 45% protective efficacy of IPTp- DHP in a high 
malaria transmission area, we anticipated the prevalence of histopatho-
logical placental malaria to be 4% in the IPTp- DHP group, which is a 
60% reduction in the prevalence of histopathological placental malaria 
as compared to IPTp- SP. To detect such a difference with 80% statistical 
power at the 2- sided 5% level of significance and 15% loss to follow up, a 
total of 956 pregnant women were needed (478 women per each group).

Primary outcome data were analyzed according to intention to treat 
population in which data from all participants allocated to a treatment 
group at enrollment were used. A supportive secondary analysis was 
done using per protocol analysis considering data from participants 
who completed the study and primary outcome (histopathological 
malaria) data were collected at delivery (Figure 1). In a post hoc anal-
ysis, we compared the associations between treatment groups and the 
efficacy outcomes by gravidity. Depending on suitability, the χ2 test or 
Fisher’s exact test were used to compare proportions between groups. 
For continuous variables, an independent t- test was used to compare 
means of normally distributed data, whereas the Mann- Whitney U Test 
was used to compare mean ranks of skewed data between the treatment 
groups. Rates of malaria detection at each ANC visit over time during 
pregnancy were compared using the Kaplan– Meier plot and log- rank 
test. Incidence measures were compared using Poison regression model 
for count data measured during the follow- up period. Incidence rate 
ratios (IRR) were defined as the incidence of outcomes in the inter-
vention IPTp- DHP divided by the incidence in the control IPTp- SP 
group. Prevalence ratios were defined as the measures of outcomes at 
enrollment or at delivery in the intervention IPTp- DHP group divided 
by the prevalence in the control IPTp- SP group. Point estimates of dif-
ferences between the treatment groups were expressed as the protective 
efficacy (PE), defined as 1- prevalence ratio or 1- IRR. Statistical Package 
for Social Sciences (SPSS) software (IBM, Armonk, NY) was used for 
data analysis. The significance level was set at 0.05, and the confidence 
level at 95%. A P value of < 0.05 was considered to indicate statistical 
significance. In addition, comparisons of study outcomes between the 
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two treatment groups were made by including and excluding women 
who had sub- patent malaria (parasitemia detected by PCR but not rec-
ognized by RDT or microscopy) at enrollment.

Ethics approval
Ethical approval was granted by the Institutional Review Boards of 
the Tanzania National Institute for Medical Research (NIMR/HQ/
R.8a/Vol.IX/2342), and the Muhimbili University of Health and 
Allied Sciences (MUHAS; 2016- 06- 07/AEC/Vol.XI/2). Written 
informed consent was obtained from all study participants before en-
rollment. This clinical trial was registered at the WHO | Pan African 
Clinical Trial Registry (PACTR201612001901313) before partici-
pants’ recruitment.

RESULTS
Between January 2017 and May 2019, 956 pregnant women were 
enrolled, randomly assigned to 2 treatment groups and followed 
until delivery (Figure 1). Baseline characteristics were similar be-
tween the two treatment groups (Table 1).

Malaria during pregnancy
The incidence of symptomatic malaria and parasitemia during 
pregnancy is shown in Table  2. During the follow- up period, 
the incidence of symptomatic malaria was significantly lower in 
the IPTp- DHP group compared with IPTp- SP group (Table 2). 
Equally, rates of parasitemia at each scheduled ANC by RDT and/
or PCR was significantly lower in the IPTp- DHP group compared 
with the IPTp- SP group (hazard ratio, 0.35, 95% confidence in-
terval (CI): 0.22 to 0.55; see Table  ,2 Figure  2). There was no 
significant effect modification by gravidity for both symptomatic 
malaria and parasitemia at each scheduled ANC visit (Figure 3).

Anemia during pregnancy
There was no significant difference in the prevalence of anemia be-
tween the IPTp- SP and IPTp- DHP groups at enrollment (Table 1), 
during ANC, and at delivery (Table 3). Similarly, 1.5% (7/478) women 
in the IPTp- DHP group had severe anemia (Hb < 7 g/dL) at delivery 
compared with 1.1% (5/478) in the IPTp- SP group with no significant 
difference. Two cases of severe anemia in the IPTp- SP group and one 
case in the IPTp- DHP group were associated with malaria at delivery. 
There was no significant effect modification by gravidity for maternal 
anemia during pregnancy (Figure 3).

Malaria at delivery
At delivery, compared to IPTp- SP, IPTp- DHP was significantly 
associated with a lower prevalence of histopathological placental 
malaria (active or past infection; Table  2). In post hoc secondary 
analysis, IPTp- DHP was significantly associated with lower prev-
alence of active histopathological placental malaria compared with 
IPTp- SP (Table  2). However, no significant difference was found 
for the past histopathological placental malaria (pigment) between 
the two treatment groups (Table 2). The detection of malaria in the 
placental blood, maternal venous blood, and cord blood using RDT, 
microscopy, and PCR were significantly lower in the IPTp- DHP 
group compared with the IPTp- SP group (Table 2). Furthermore, 
the prevalence of any malaria at delivery was significantly lower in 
the IPTp- DHP group than in the IPTp- SP group (Table 2). There 
was no significant effect modification by gravidity on any malaria 
during pregnancy and at delivery (Figure 3).

In a separate secondary analysis, where data from women with 
sub- patent malaria at enrollment were excluded, IPTp- DHP was 

Figure 1 Study flow chart.
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also associated with significant reduction in symptomatic malaria 
and parasitemia during pregnancy and any malaria at delivery by all 
methods as compared to IPTp- SP (Figure 4).

Adverse birth outcomes
The prevalence of any adverse birth outcomes did not differ sig-
nificantly between the IPTp- DHP and IPTp- SP groups (Table 3). 
There was no significant effect of modification by gravidity on any 
adverse birth outcome (Figure 3). However, in a post hoc analysis 
when the composite adverse birth outcome was analyzed by ex-
cluding fetal anemia, IPTp- DHP was significantly associated with 
lower prevalence of any adverse outcomes compared with IPTp- SP 
(Table 3). Similarly, IPTp- DHP was significantly associated with 
a lower prevalence of LBW compared to IPTp- SP (Table 3). The 

mean difference in birth weight was 55 grams (95% CI: 19– 93) 
being higher in the DHP arm P = 0.004. When data from women 
who had sub- patent malaria at enrollment were excluded in the 
analysis, no significant difference in any adverse birth outcomes 
was found between IPTp- DHP and IPTp- SP groups, but the prev-
alence of LBW became significantly lower in IPTp- DHP group 
than the IPTp- SP group (Figure 4).

Safety and tolerability
There was no significant difference in the prevalence of adverse 
drug events between the treatment groups. A total of 5.2% of 
women (25/478) who received IPTp- SP experienced adverse drug 
events compared with 3.7% (18/478) women who received IPTp- 
DHP (P = 0.26). Nausea was the most common reported adverse 
drug event with no significant difference between the IPTp- SP 
group (5.0%, 24/478) and the IPTp- DHP group (3.1%, 15/478), 
P  =  0.14. In addition, vomiting occurred in 0.4% of women 
(2/478) who received IPTp- SP compared with 0.6% of women 
(3/478) in the IPTp- DHP group with no significant difference; 
Fischer’s exact test P = 0.66. One incidence of moderate skin rash 
was reported in the IPTp- SP group. There were no neonatal con-
genital anomalies, neonatal, or maternal deaths observed at deliv-
ery and at 6 weeks post- delivery in both groups.

DISCUSSION
The present randomized controlled trial evaluated the effectiveness 
of monthly IPTp- DHP vs. the standard IPTp- SP for the preven-
tion of malaria during pregnancy and adverse birth outcomes. Our 
main finding shows that, compared with IPTp- SP, monthly IPTp- 
DHP displays significantly higher protective efficacy against (i) 
histopathologically confirmed placental malaria and parasitemia at 
delivery and (ii) symptomatic malaria and parasitemia during preg-
nancy, (iii) although no significant differences in the prevalence of 
any adverse birth outcome between the two treatment groups were 
found, the incidence of LBW was significantly lower in the IPTp- 
DHP group than in the IPTp- SP group. To our knowledge, this is 
the first randomized clinical trial to investigate the effectiveness of 
IPTp- DHP for the prevention of malaria in pregnancy and adverse 
birth outcome from a setting with moderate malaria transmission 
intensity and high P. falciparum resistance to SP, and also the first 
to report significantly higher protective efficacy of monthly IPTp- 
DHP against adverse birth outcomes especially LBW.

Compared with the standard IPTp- SP, our result indicates 
that monthly IPTp- DHP significantly reduced the risk of malaria 
during pregnancy. The incidence of asymptomatic malaria (para-
sitemia) during pregnancy was significantly lower in the IPTp- DHP 
group, with 59% more protective efficacy as compared to IPTp- SP. 
Furthermore, IPTp- DHP significantly reduced the risk of symp-
tomatic malaria during pregnancy, with 86% protective efficacy 
compared with IPTp- SP. The significantly higher protective effi-
cacy of IPTp- DHP against malaria during pregnancy could be ex-
plained by the long malaria prophylactic effect associated with long 
piperaquine elimination half- life.33 The piperaquine component in 
DHP has the longest elimination half- life (about 30 days) among 
the partner drugs in the currently recommended ACTs.33 The long 
elimination half- life of piperaquine provides long post- treatment 

Table 1 Characteristics of study participants at baseline 
and during pregnancy

Characteristics
IPTp- SP 
(n = 478)

IPTp- DHP 
(n = 478)

Age category 
n (%)

Adolescent (< 20 years) 95 (19.9) 94 (19.7)

Young (20– 34 years) 294 (61.5) 298 (62.3)

Adult (> 35 years) 89 (18.6) 86 (18)

Gravidity n (%) Primigravida 128 (26.8) 115 (24.1)

Secundigravida 105 (22) 108 (22.6)

Multigravida 245 (51.2) 255 (53.3)

ANC n (%) Early (13– 20 weeks) 220 (46) 213 (44.6)

Late (≥ 21 weeks) 258 (54) 265 (55.4)

Trimesters 
n (%)

Second (13– 27 weeks) 435 (91) 433 (90.6)

Third (≥ 28 weeks) 43 (9) 45 (9.4)

Education level 
n (%)

No formal education 95 (19.9) 91 (19)

At least primary 
education

383 (80.1) 387 (81)

Baseline ITNs 
use n (%)

Yes 345 (72.2) 350 (73.2)

No 133 (27.8) 128 (26.8)

ITNs use dur-
ing pregnancy 
n (%)

Yes 435 (91) 431 (90.2)

No 43 (9) 47 (9.8)

Anemia at enrollment, Hb < 11 g/dL n (%) 286 (59.8) 289 (60.5)

Mean age in years (SD) 26.6 (7) 26.8 (8)

Mean hemoglobin g/dL (SD) 10.4 (1.4) 10.3 (1.3)

Median parity, number of live births 
(range)

2 (0– 9) 2 (0– 9)

Median gestational age in weeks (range) 21 (14– 32) 22 
(14– 32)

Median body temperature in °C (range) 37 
(34.3– 37)

37 
(34– 37.2)

Median height in cm (range) 151 
(146– 164)

151 
(145– 168)

Median body weight in kg (range) 54 (39– 95) 54 
(38– 95)

Median IPTp doses received (range) 3 (1– 5) 3 (1– 5)

ANC, antenatal care; IPTp- DHP, intermittent preventive treatment in pregnancy 
with dihydroartemisinin- piperaquine; IPTp- SP, intermittent preventive treatment 
in pregnancy with sulfadoxine- pyrimethamine; ITNs, insecticide- treated bed 
nets; range, minimum- maximum.
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prophylaxis, which clears parasite infection and reduces the risk of 
malaria reinfection.33 On the other hand, the high prevalence of 
P. falciparum resistance to SP in the study area6,25 could partly ex-
plain the higher risk and burden of malaria in the IPTp- SP group.

At delivery, IPTp- DHP was associated with significantly higher 
protective efficacy against maternal malaria, compared with 
IPTp- SP. The prevalence of histopathological placental malaria 
was significantly lower in the IPTp- DHP group with 69% protec-
tive efficacy as compared to the IPTp- SP group. DHP might have 
cleared malaria parasites and hemozoin pigments in the placenta,34 
thus contributed to significantly lower histopathological placen-
tal malaria in the IPTp- DHP group compared with the IPTp- SP 
group. However, the lack of significant difference for the past his-
topathological placental malaria between the two treatment groups 
could reflect old infections that were present before women were 
randomized. Furthermore, the considerably higher protective effect 
of malaria infection in the maternal venous blood at delivery, cord 
blood, and placental blood in the IPTp- DHP group as compared to 
the IPTp- SP group might be due to reduced risk of malaria infection 
associated with the long prophylactic effect of piperaquine. In addi-
tion, the higher prevalence of quintuple mutations in the area could 
explain the higher malaria burden in the IPTp- SP group.6,25

Our findings indicate that IPTp- DHP was superior to IPTp- SP 
for the prevention of malaria during pregnancy in an area with 
moderate malaria transmission intensity and high P.  falciparum 
resistance to SP. Our results are similar to previous trials from 
high malaria transmission areas of Kenya and Uganda that re-
ported higher malaria protective efficacy of IPTp- DHP initiated 
early in the second trimester against malaria in pregnancy.15,21,22 
Our study adds additional evidence to the literature indicating 
that monthly IPTp- DHP is superior to IPTp- SP commenced 
during the early or late second trimester or early third trimester. 
The significant reduction of malaria infection in pregnant women 
using monthly IPTp- DHP found in our study is consistent with 
the findings of the previous trials from Uganda.21,22 Although 
caution should be taken when comparing results from different 

settings, our findings provide further evidence that monthly 
DHP is a better option to replace SP as IPTp in areas of moderate 
malaria transmission intensity and high SP parasite resistance.

The observed higher protective efficacy and a significant re-
duction in risk of malaria infection associated with IPTp- DHP 
corroborated well with the observed reduced risk for LBW in 
the same cohort. IPTp- DHP was significantly associated with a 
lower risk of LBW compared with IPTp- SP. Additionally, in the 
analysis of adverse birth outcomes that excluded fetal anemia, 
IPTp- DHP was significantly associated with lower prevalence of 
adverse birth outcomes as compared with IPTp- SP. This result 
differs from the previous trials that reported no significant im-
provement in birth outcomes associated with IPTp- DHP.15,21,22 
Such inconsistent findings could be due to variation in the study 
design, sample size, and study settings, particularly malaria trans-
mission intensity. We report significantly higher protective effi-
cacy of IPTp- DHP against malaria during pregnancy, malaria at 
delivery, any adverse birth outcome, and LBW from a moderate 
malaria transmission area. The mean birth weight was 55 grams 
(95% CI; 19– 93) higher in the DHP arm as compared with 
the SP arm. The association of malaria in pregnancy and LBW 
is related to intrauterine growth restriction in several studies.2 
Therefore, the significantly lower risk of LBW in the IPTp- DHP 
group might be due to the lower risk of malaria infection in preg-
nant women receiving IPTp- DHP compared with IPTp- SP.

A previous study reported that about 50% of malaria infections 
at the first ANC visit is sub- patent (not detected by RDT or mi-
croscopy).35 It is therefore expected that IPTp clears such infec-
tions in pregnant women. In this study, the primary analysis, which 
included pregnant women with sub- patent malaria at enrollment, 
resulted in relatively higher IPTp- DHP protective efficacy against 
LBW (51%, P = 0.003) than when women with sub- patent malaria 
are excluded (46%, P  =  0.027) as compared with IPTp- SP. The 
observed increase in protective efficacy on LBW after including 
women with sub- patent malaria at enrollment may indicate higher 
efficiency of DHP to clear sub- patent malaria and its associated 

Figure 2 Kaplan– Meier plot with log rank test showing hazard proportions for malaria detection at each antenatal care visit over time during 
pregnancy stratified by the treatment groups. IPTp- DHP, intermittent preventive treatment in pregnancy with monthly dihydroartemisinin- 
piperaquine; IPTp- SP, intermittent preventive treatment in pregnancy with sulfadoxine- pyrimethamine.
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adverse birth outcomes compared with SP. Measurable difference 
in adverse birth outcomes, especially LBW, is one of the reasons to 
influence policy change for IPTp.36 The results of this trial, there-
fore, provide insight into the impact of IPTp- DHP in improving 
LBW from a setting of moderate malaria transmission intensity.

The overall risk of maternal anemia during pregnancy did not dif-
fer significantly between the IPTp- DHP and IPTp- SP groups. This 
finding is contrary to the previous trials from Kenya and Uganda that 
reported IPTp- DHP significantly reduced the risk of maternal anemia 
during pregnancy compared with IPTp- SP.15,21,22 However, malaria 
is only one of the causes of anemia in sub- Saharan Africa. Therefore, 
other causes of anemia, such as nutrition, adherence to oral iron, and 
folic acid supplementation during pregnancy, may differ across geo-
graphical settings. In addition, excluding women with patent malaria 
at enrollment might have contributed to this observation, because ma-
laria is a high- risk factor for anemia. Besides, the impact of IPTp- DHP 
on anemia in the present study might have been modified by other fac-
tors, such as malaria transmission intensity or gravidity.

When evaluating drugs for routine use, especially during 
pregnancy, safety is one of the important considerations. As 

reported previously in other trials,15,21,22 both IPTp- SP and 
IPTp- DHP were well- tolerated, with no significant differences 
in this study. Incidences of nausea reported in this study should 
be interpreted with caution because it is usually common during 
pregnancy.

Study limitations
As one of the limitations, this study did not assess the effect 
of repeated DHP doses on corrected QT (QTc) prolongation. 
A study from Uganda has reported that the QTc prolongation 
with repeated DHP was not associated with any cardiac adverse 
events.22 In addition, the WHO has indicated that DHP has 
a low risk of cardiotoxicity.37 Because the trial was done in an 
area with moderate malaria transmission intensity, results may 
not be generalized to areas with higher malaria transmission 
intensities. Furthermore, the study volunteers were screened at 
enrollment, and those who were malaria positive (by MRDT) 
were excluded and treated with artemether- lumefantrine fol-
lowing the national malaria treatment guidelines. Hence, 
our study participants may not be representative of the ANC 

Figure 3 Protective efficacy of the study drugs stratified by gravidity; A: malaria outcomes collected at delivery; B: adverse birth outcomes 
collected at delivery; C: outcomes collected during pregnancy (incidence measures). ANC, antenatal care; CI, 95% confidence interval; 
IPTp- DHP, intermittent preventive treatment in pregnancy with dihydroartemisinin- piperaquine; IPTp- SP, intermittent preventive treatment in 
pregnancy with sulfadoxine- pyrimethamine; rates, incidence per person- year at risk; x*, the number of women with at least one event.
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population because only women who did not have patent ma-
laria were included. Although a similar significantly higher 
PE of IPTp- DHP than IPTp- SP was found by including or ex-
cluding data from women with sub- patent malaria infections at 
enrollment (Figure 4), women with patent malaria might have 
different characteristics and risk factors for malaria and associ-
ated adverse birth outcomes.

CONCLUSIONS
In a setting with moderate malaria transmission intensity, 
we report significantly higher protective efficacy of monthly 
IPTp- DHP against malaria during pregnancy and at delivery 
compared with monthly IPTp- SP. The significant malaria re-
duction associated with IPTp- DHP corroborates well with the 
observed significantly reduced risk of LBW compared with 
IPTp- SP. These results provide further evidence to support the 
use of IPTp- DHP as an alternative to IPTp- SP, especially in 
areas with a high level of P. falciparum resistance to SP.
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Figure 4 Comparison of overall protective efficacy of the study drugs stratified by study population (with or without sub- patent malaria 
at enrolment). A: Malaria outcomes collected at delivery; B: adverse birth outcomes collected at delivery; C: outcomes collected during 
pregnancy (incidence measures). ANC, antenatal care; CI, 95% confidence interval; DHP, dihydroartemisinin– piperaquine; IPTp- DHP, 
intermittent preventive treatment in pregnancy with dihydroartemisinin- piperaquine; IPTp- SP, intermittent preventive treatment in pregnancy 
with sulfadoxine- pyrimethamine; MRDT, malaria rapid detection test; PCR, polymerase chain reaction; rates, incidence per person- year at risk; 
SP, sulfadoxine– pyrimethamine; x* = the number of women with at least one event.

ARTICLE
 15326535, 2021, 6, D

ow
nloaded from

 https://ascpt.onlinelibrary.w
iley.com

/doi/10.1002/cpt.2273 by IN
A

SP (T
anzania), W

iley O
nline L

ibrary on [03/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



VOLUME 110 NUMBER 6 | December 2021 | www.cpt-journal.com1488

 © 2021 The Authors. Clinical Pharmacology & Therapeutics published 
by Wiley Periodicals LLC on behalf of American Society for Clinical 
Pharmacology and Therapeutics.

This is an open access article under the terms of the Creative Commons 
Attribution- NonCommercial- NoDerivs License, which permits use and dis-
tribution in any medium, provided the original work is properly cited, the 
use is non- commercial and no modifications or adaptations are made.

 1. World Health organization. World Malaria report 2019 <https://
www.who.int/publi catio ns- detai l/world - malar ia- repor t- 2019>. 
Accessed October 16, 2020.

 2. Thompson, J.M. et al. Relationship between pregnancy- associated 
malaria and adverse pregnancy outcomes: a systematic review 
and meta- analysis. J. Trop. Pediatr. 66, 327– 338 (2020).

 3. Walker, P.G.T., ter Kuile, F.O., Garske, T., Menendez, C. & Ghani, 
A.C. Estimated risk of placental infection and low birthweight 
attributable to Plasmodium falciparum malaria in Africa in 2010: 
a modelling study. Lancet Glob. Health. 2, e460– e467 (2014).

 4. World Health Organization. WHO policy brief for the 
implementation of intermittent preventive treatment of malaria in 
pregnancy using sulfadoxine- pyrimethamine (IPTp- SP) <https://
www.who.int/malar ia/publi catio ns/atoz/policy_brief_iptp_sp_
policy_recom menda tion/en/>. Accessed November 5, 2020.

 5. Braun, V. et al. Lack of effect of intermittent preventive treatment 
for malaria in pregnancy and intense drug resistance in western 
Uganda. Malar. J. 14, 372 (2015).

 6. Matondo, S.I. et al. High levels of sulphadoxine- pyrimethamine 
resistance Pfdhfr- Pfdhps quintuple mutations: a cross sectional 
survey of six regions in Tanzania. Malar. J. 13, 152 (2014).

 7. van Eijk, A.M. et al. Effect of Plasmodium falciparum sulfadoxine- 
pyrimethamine resistance on the effectiveness of intermittent 
preventive therapy for malaria in pregnancy in Africa: a systematic 
review and meta- analysis. Lancet Infect. Dis. 19, 546– 556 
(2019).

 8. Harrington, W.E., Mutabingwa, T.K., Kabyemela, E., Fried, M. & 
Duffy, P.E. Intermittent treatment to prevent pregnancy malaria 
does not confer benefit in an area of widespread drug resistance. 
Clin. Infect. Dis. 53, 224– 230 (2011).

 9. Clerk, C.A. et al. A randomized, controlled trial of intermittent 
preventive treatment with sulfadoxine- pyrimethamine, 
amodiaquine, or the combination in pregnant women in Ghana. J. 
Infect. Dis. 198, 1202– 1211 (2008).

 10. Gonzalez, R. et al. Intermittent preventive treatment of malaria in 
pregnancy with mefloquine in HIV- negative women: a multicentre 
randomized controlled trial. PLoS Med. 11, e1001733 (2014).

 11. Kimani, J. et al. Efficacy and safety of azithromycin- chloroquine 
versus sulfadoxine- pyrimethamine for intermittent preventive 
treatment of plasmodium falciparum malaria infection in pregnant 
women in Africa: an open- label, randomized trial. PLoS One. 11, 
e0157045 (2016).

 12. Luntamo, M., Kulmala, T., Cheung, Y.B., Maleta, K. & Ashorn, P. 
The effect of antenatal monthly sulphadoxine- pyrimethamine, 
alone or with azithromycin, on foetal and neonatal growth faltering 
in Malawi: a randomised controlled trial. Trop. Med. Int. Health 18, 
386– 397 (2013).

 13. Tagbor, H. et al. A non- inferiority, individually randomized trial 
of intermittent screening and treatment versus intermittent 
preventive treatment in the control of malaria in pregnancy. PLoS 
One 10, e0132247 (2015).

 14. Madanitsa, M. et al. Scheduled intermittent screening with 
rapid diagnostic tests and treatment with dihydroartemisinin- 
piperaquine versus intermittent preventive therapy with 
sulfadoxine- pyrimethamine for malaria in pregnancy in Malawi: an 
open- label randomized controlled trial. PLoS Med. 13, e1002124 
(2016).

 15. Desai, M. et al. Intermittent screening and treatment or 
intermittent preventive treatment with dihydroartemisinin- 
piperaquine versus intermittent preventive treatment with 
sulfadoxine- pyrimethamine for the control of malaria during 
pregnancy in western Kenya: an open- label, three- group, 

randomised controlled superiority trial. Lancet 386, 2507– 2519 
(2015).

 16. World Health Organization. Malaria Policy Advisory Committee 
Meeting: Malaria in pregnancy (2015) <https://www.who.int/
malar ia/mpac/mpac- sept2 015- erg- mip- report.pdf>. Accessed 
October 31, 2020.

 17. McGready, R., White, N.J. & Nosten, F. Parasitological efficacy 
of antimalarials in the treatment and prevention of falciparum 
malaria in pregnancy 1998 to 2009: a systematic review. BJOG 
118, 123– 135 (2011).

 18. Nambozi, M. et al. Artemisinin- based combination therapy in 
pregnant women in Zambia: efficacy, safety and risk of recurrent 
malaria. Malar. J. 16, 199 (2017).

 19. Osarfo, J., Tagbor, H., Cairns, M., Alifrangis, M. & Magnussen, P. 
Dihydroartemisinin- piperaquine versus artesunate- amodiaquine 
for treatment of malaria infection in pregnancy in Ghana: an open- 
label, randomised, non- inferiority trial. Trop. Med. Int. Health 22, 
1043– 1052 (2017).

 20. Tarning, J. et al. Population pharmacokinetics of 
piperaquine after two different treatment regimens with 
dihydroartemisinin- piperaquine in patients with Plasmodium 
falciparum malaria in Thailand. Antimicrob. Agents Chemother. 
52, 1052– 1061 (2008).

 21. Kakuru, A. et al. Dihydroartemisinin- piperaquine for the prevention 
of malaria in pregnancy. N. Engl. J. Med. 374, 928– 939 (2016).

 22. Kajubi, R. et al. Monthly sulfadoxine- pyrimethamine versus 
dihydroartemisinin- piperaquine for intermittent preventive 
treatment of malaria in pregnancy: a double- blind, 
randomised, controlled, superiority trial. Lancet 393, 1428– 
1439 (2019).

 23. Mlugu, E.M., Minzi, O., Asghar, M., Farnert, A., Kamuhabwa, 
A.A.R. & Aklillu, E. Effectiveness of sulfadoxine- pyrimethamine 
for intermittent preventive treatment of malaria and adverse birth 
outcomes in pregnant women. Pathogens 9, 207 (2020).

 24. WHO Malaria Policy Advisory Committee Secretariat. Malaria 
Policy Advisory Committee to the WHO: conclusions and 
recommendations of eighth biannual meeting (2015). Malar. J. 15, 
117 (2016).

 25. Bwire, G.M., Mikomangwa, W.P. & Kilonzi, M. Occurrence of 
septuple and elevated Pfdhfr- Pfdhps quintuple mutations 
in a general population threatens the use of sulfadoxine- 
pyrimethamine for malaria prevention during pregnancy in 
eastern- coast of Tanzania. BMC Infect. Dis. 20, 530 (2020).

 26. World Health Organization. Haemoglobin concentrations for the 
diagnosis of anaemia and assessment of severity <https://apps.
who.int/iris/handl e/10665/ 85839>. Accessed November 1, 
2020.

 27. Laar, A.K. et al. Predictors of fetal anemia and cord blood malaria 
parasitemia among newborns of HIV- positive mothers. BMC Res. 
Notes 6, 350 (2013).

 28. Natureeba, P. et al. Lopinavir/ritonavir- based antiretroviral 
treatment (ART) versus efavirenz- based ART for the prevention of 
malaria among HIV- infected pregnant women. J. Infect. Dis. 210, 
1938– 1945 (2014).

 29. Parekh, F.K., Davison, B.B., Gamboa, D., Hernandez, J. & 
Branch, O.H. Placental histopathologic changes associated 
with subclinical malaria infection and its impact on the fetal 
environment. Am. J. Trop. Med. Hyg. 83, 973– 980 (2010).

 30. Shokoples, S.E., Ndao, M., Kowalewska- Grochowska, K. & 
Yanow, S.K. Multiplexed real- time PCR assay for discrimination 
of Plasmodium species with improved sensitivity for mixed 
infections. J. Clin. Microbiol. 47, 975– 980 (2009).

 31. Wittes, J. Sample size calculations for randomized controlled 
trials. Epidemiol. Rev. 24, 39– 53 (2002).

 32. Mosha, D., Chilongola, J., Ndeserua, R., Mwingira, F. & Genton, 
B. Effectiveness of intermittent preventive treatment with 
sulfadoxine- pyrimethamine during pregnancy on placental 
malaria, maternal anaemia and birthweight in areas with high and 
low malaria transmission intensity in Tanzania. Trop. Med. Int. 
Health 19, 1048– 1056 (2014).

 33. Pekyi, D. et al. Four artemisinin- based treatments in African pregnant 
women with malaria. N. Engl. J. Med. 374, 913– 927 (2016).

ARTICLE
 15326535, 2021, 6, D

ow
nloaded from

 https://ascpt.onlinelibrary.w
iley.com

/doi/10.1002/cpt.2273 by IN
A

SP (T
anzania), W

iley O
nline L

ibrary on [03/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.who.int/publications-detail/world-malaria-report-2019
https://www.who.int/publications-detail/world-malaria-report-2019
https://www.who.int/malaria/publications/atoz/policy_brief_iptp_sp_policy_recommendation/en/
https://www.who.int/malaria/publications/atoz/policy_brief_iptp_sp_policy_recommendation/en/
https://www.who.int/malaria/publications/atoz/policy_brief_iptp_sp_policy_recommendation/en/
https://www.who.int/malaria/mpac/mpac-sept2015-erg-mip-report.pdf
https://www.who.int/malaria/mpac/mpac-sept2015-erg-mip-report.pdf
https://apps.who.int/iris/handle/10665/85839
https://apps.who.int/iris/handle/10665/85839


CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 110 NUMBER 6 | December 2021 1489

 34. Muehlenbachs, A. et al. Artemether- lumefantrine to treat malaria 
in pregnancy is associated with reduced placental haemozoin 
deposition compared to quinine in a randomized controlled trial. 
Malar. J. 11, 150 (2012).

 35. Mlugu, E.M., Minzi, O., Kamuhabwa, A.A.R. & Aklillu, E. Prevalence 
and correlates of asymptomatic malaria and anemia on first 
antenatal care visit among pregnant women in Southeast, Tanzania. 
Int. J. Environ. Res. Public Health 17, 3123 (2020).

 36. World Health Organization. WHO Evidence Review Group on 
Intermittent Preventive Treatment (IPT) of malaria in pregnancy 
<https://www.who.int/malar ia/mpac/mpac_sep13_erg_ipt_malar 
ia_pregn ancy_report.pdf>. Accessed November 7, 2020.

 37. World Health Organization. Malaria Policy Advisory Committee 
Meeting: The cardiotoxicity of antimalarials <https://www.who.
int/malar ia/mpac/mpac- mar20 17- erg- cardi otoxi city- repor t- sessi 
on2.pdf>. Accessed November 6, 2020.

ARTICLE
 15326535, 2021, 6, D

ow
nloaded from

 https://ascpt.onlinelibrary.w
iley.com

/doi/10.1002/cpt.2273 by IN
A

SP (T
anzania), W

iley O
nline L

ibrary on [03/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.who.int/malaria/mpac/mpac_sep13_erg_ipt_malaria_pregnancy_report.pdf
https://www.who.int/malaria/mpac/mpac_sep13_erg_ipt_malaria_pregnancy_report.pdf
https://www.who.int/malaria/mpac/mpac-mar2017-erg-cardiotoxicity-report-session2.pdf
https://www.who.int/malaria/mpac/mpac-mar2017-erg-cardiotoxicity-report-session2.pdf
https://www.who.int/malaria/mpac/mpac-mar2017-erg-cardiotoxicity-report-session2.pdf

