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Abstract 

Background Malaria in pregnancy is responsible for various adverse maternal and birth outcomes. The emerging 
resistance to sulfadoxine–pyrimethamine (SP) raises important concerns about its use for intermittent preventive 
treatment in pregnancy (IPTp) in Africa. This trial aimed to assess the efficacy and safety of IPTp with dihydroarte-
misinin–piperaquine (DP) as an alternative to IPTp with SP.

Results The double-blind, randomized, and controlled superiority trial was conducted between July 2020 and 
June 2021. A total of 250 women were enrolled and randomly assigned to receive SP (n = 125) or DP (n = 125). Two 
hundred and six (82.4%) participants that contributed to the outcomes were included in the modified intention-to-
treat (ITT) analysis, while 84 participants that completed the three courses of the study drugs were included in the per 
protocol (PP) analysis. The ITT analysis results showed that the incidence of histopathologically confirmed placental 
malaria was nonsignificantly higher in the DP group compared with the SP group (62.5% vs. 51.1%, P = 0.098). After 
adjusting for confounders, the risk of histopathologically confirmed placental malaria was also nonsignificantly higher 
in the DP group (Adjusted Relative Risk [RR] = 1.27, 95% CI 0.94–1.71) compared with the SP group. In contrast, the 
risk of a low APGAR score was significantly lower in the DP group (RR = 0.45, 95% CI 0.38–0.52) compared with the SP 
group. Also, the risk of a composite adverse birth outcome (low birth weight or preterm delivery or neonates small 
for the gestational age) was nonsignificantly lower in the DP group (Adjusted RR = 0.82, 95% CI 0.55–1.21) compared 
with the SP group. Both drugs were well tolerated, although nausea and vomiting occurred in a significant number of 
participants in the SP group.

Conclusions A three-course IPTp with DP was safe and was not found to be superior to IPTp with SP in the preven-
tion of placental malaria. Although IPTp with DP was associated with a significant lower risk of low APGAR score and 
nonsignificant lower risks of other adverse birth outcomes compared with IPTp with SP.

Trial registration PACTR, PACTR202002644579177. Registered 20 February 2020, https:// pactr. samrc. ac. za/ Trial Displ ay. 
aspx? Trial ID= 9753.
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Background
Malaria in pregnancy is responsible for various adverse 
outcomes such as maternal anemia, intrauterine growth 
restriction, stillbirth, premature delivery, low birth 
weight, neonatal morbidity, and mortality [1, 2]. Thus, 
the use of insecticide-treated bed nets coupled with 
intermittent preventive treatment in pregnancy (IPTp) 
with sulfadoxine–pyrimethamine (SP) in the second 
and third trimesters was recommended by WHO in 
malaria-endemic regions of sub-Saharan Africa [3]. How-
ever, the spread of resistance to SP in Africa is attrib-
uted to triple mutations at codons 51 (N51I), 59 (C59R) 
and 108 (S108N) of the dihydrofolate reductase (dhfr) 
gene and to quintuple mutations mediated by the triple 
dhfr mutant + double dihydropteroate synthase (dhps) 
mutant gene at codons 437 (A437G) and 540 (K540E) of 
the parasite [4, 5]. This raises important concerns about 
the use of SP for IPTp in Africa. A recent study reported 
the emergence of the dhps-431 V halotype all over Nige-
ria [6]. There is a knowledge gap on how long IPTp with 
SP will remain effective vis-a-vis this increasing level of 
resistance of Plasmodium falciparum to SP in Nigeria. 
Therefore, it is crucial to evaluate alternative antimalarial 
for IPTp in case of complete failure of SP.

Dihydroartemisinin–piperaquine (DP) is an arte-
misinin-based combination therapy (ACT) that could be 
a possible replacement for SP due to its many desirable 
characteristics. Dihydroartemisinin–piperaquine is tol-
erated well, has a high malaria parasite clearance capac-
ity and the partner drug (piperaquine) provides at least 
4 weeks of post-treatment prophylaxis [7, 8]. Intermit-
tent preventive treatment in pregnancy trials comparing 
DP and SP that have been published to date have been 
conducted in East Africa where the prevalence and type 
of SP resistance markers differ from West Africa. In Tan-
zania, a trial that evaluated the efficacy of monthly IPTp 
with DP and SP found a significantly lower prevalence of 
placental malaria in IPTp with DP than IPTp with SP. In 
this study, the prevalence of composite adverse birth out-
comes was not significant between both groups, although 
the prevalence of low birth weight was significantly lower 
in the DP group compared with the SP group [9]. In the 
Ugandan trials, the prevalence of histopathologically 
confirmed placental malaria was significantly lower in the 
DP group than in the SP group [10, 11]. While there were 
no significant differences between the groups in the risk 
of adverse drug events, the prevalence of adverse birth 
outcomes were nonsignificantly higher in the DP group 
than in the SP group [10, 11]. The Kenyan trial showed 
no significant difference between both groups in the 
prevalence of polymerase chain reaction and histopatho-
logically confirmed placental malaria and adverse birth 
outcomes [12]. To our knowledge, this is the first study 

evaluating IPTp with DP as an alternative to IPTp with SP 
in West Africa. Therefore, this trial aimed to assess the 
efficacy and safety of IPTp with DP as an alternative to 
IPTp with SP.

Methods
Trial design and setting
A double-blind, randomized, and controlled superiority 
clinical trial comparing a three-course IPTp with SP, and 
a three-course IPTp with DP was conducted at a tertiary 
hospital in Maiduguri, Nigeria. The trial setting is a high 
transmission and mesoendemic area for malaria infec-
tions with emerging SP resistance [13, 14].

Sample size determination
A prevalence of acute placental malaria of 33.9% in the 
SP group on the basis of previous data was assumed to 
test the hypothesis that the use of IPTp with DP would be 
associated with a lower prevalence of histopathologically 
confirmed active and/or past placental malaria than that 
associated with SP. A calculated sample size of 100 would 
be required per group or a total of 200 for the study to 
have 80% power to show a 50% lower prevalence with DP, 
at a significance level of 0.05. Twenty percent was added 
to account for attrition and a total of 250 women were 
recruited for the study.

Inclusion criteria
Eligible participants were falciparum malaria rapid diag-
nostic test (RDT) and HIV-negative pregnant adoles-
cents or women of  at least 15  years of age (primigravid 
or multigravid) between 16 and 20 weeks of gestation, as 
confirmed by last menstrual period or ultrasound scan. 
Those with no current history of receiving any IPTp, and 
willing to provide informed written consent  were also 
eligible. A complete list of the entry criteria is provided 
in the trial protocol (The Pan African Clinical Trials Reg-
istry Identifier: PACTR202002644579177), available at 
https:// pactr. samrc. ac. za/ Trial Displ ay. aspx? Trial ID= 
9753.

Exclusion criteria
Exclusion criteria were having a history of allergic reac-
tion to sulfa drugs (SP or cotrimoxazole) or DP, having 
hemoglobin level < 7 g/dL, RDT-positive test for falcipa-
rum malaria, and  history of receipt of antimalarials or 
antibiotics with antimalarial activity (cotrimoxazole, 
rifampin, doxycycline, clindamycin, tetracycline, eryth-
romycin, azithromycin, chloramphenicol) in the past 
month. Others were  women with sickle cell disease, 
women with high-risk pregnancies (presence of high 
blood pressure and diabetes), and HIV-positive women.

https://pactr.samrc.ac.za/TrialDisplay.aspx?TrialID=9753
https://pactr.samrc.ac.za/TrialDisplay.aspx?TrialID=9753
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Randomization and masking
A pharmacist who was not part of the drug admin-
istration generated 25 blocks of equal size of 10 ran-
dom numbers using a 1:1 allocation ratio to ensure 
that equal numbers of the participants were assigned 
to SP, serving as the control group or DP group, serv-
ing as the experimental group. He used the randomiza-
tion sequence to package and label the trial agents. The 
study case report form marked with the randomization 
code was folded inside an opaque small envelope con-
taining the appropriate study agents with the same code, 
which was finally placed in a big envelope represent-
ing each block. Another pharmacist was responsible for 
treatment assignments. The investigators and outcome 
assessors were also blinded for the group allocation. Each 
dose of SP (tablets of 500 mg of sulfadoxine and 25 mg 
of pyrimethamine [Amalar®, Elbe Pharma]) consisted of 
three tablets taken together on the first day and 3 tablets 
of placebo with the same appearance also taken together 
for additional 2  days; doses were administered at three 
times during the pregnancy. It was not possible to admin-
ister the three-dose regimen of each trial drug through 
directly observed therapy instead participants were 
instructed to take them at home once daily for 3  days. 
Each dose of DP (tablets of 40 mg of dihydroartemisinin 
and 320  mg of piperaquine [Ibasunate®, Elbe Pharma]) 
consisted of three tablets given once a day for three con-
secutive days; doses were also administered three times 
during the pregnancy. Participants who were assigned to 
the SP group or DP group received active trial agents at 
16–20, 28, and 36 weeks. A case report form marked with 
the unique allocation code and with no information on 
the IPTp regimen participants received was used to col-
lect the trial data.

Procedures
At enrollment, participants received a net treated with 
long-lasting insecticide with instructions to sleep under 
it regularly. Also, they picked up the coded small enve-
lopes containing the trial agent from the big envelope and 
had blood samples collected for hemoglobin   test. Rou-
tine visits were scheduled every four weeks, and blood 
samples were collected for routine laboratory testing 
when necessary. Measurements of alanine aminotrans-
ferase (ALT) levels were performed at enrollment and 
eight weeks afterward. Participants were encouraged 
to   give birth   at the trial hospital. At delivery, a stand-
ardized assessment was completed, including evaluation 
of the neonate for congenital anomalies, measurement of 
birth weight, determination of Appearance, Pulse, Gri-
mace, Activity, and Respiration (APGAR) score, and col-
lection of placental tissue for analyses.

Placental tissues were fixed in 10% buffer formalin and 
then processed and stained with modified Giemsa [15]. 
Placental malaria was diagnosed using the Rogerson cri-
teria [16]. Histopathological slides were read in duplicate 
by two independent histopathologists, and the results 
were recorded on a standardized case-record form; any 
discrepant results were resolved by a third histopatholo-
gist. The histopathologists were unaware of both the 
assigned treatments and the previous malaria parasite 
test results.

Outcomes
The primary outcome was the incidence and risk of pla-
cental malaria defined as the histopathologically con-
firmed active and/or past placental malaria infection. A 
participant was determined to have active or chronic or 
past placental malaria infection if she had parasites or 
pigment in her placenta determined by histopathology 
of the placental tissue [16]. Secondary outcomes were 
the risks of adverse birth outcomes (spontaneous abor-
tion [expulsion of a fetus before 28  weeks of gestation], 
stillbirth [delivery of a dead child after 28 weeks of ges-
tation], low birth weight [< 2500  g], preterm delivery 
[birth at < 37  weeks of gestation], small for gestational 
age [birth weight below the 10th percentile], congenital 
anomaly (birth defects visible at birth or diagnosed by 
screening tests such as routine ultrasound examinations), 
low APGAR score at 5th minutes (< 7), and a composite 
of any of these birth outcomes), and the occurrences of 
adverse drug effects. For participants who gave birth to 
twins, the delivery outcomes were based on whether the 
outcome was present in either child or in the placenta. 
Measures of safety and side-effect profiles included the 
prevalence of elevated ALT levels (< 36 IU/L) eight  weeks 
after the administration of trial agents and the occur-
rence of adverse effects after the initiation of trial agents 
through delivery.

Statistical analysis
Statistical analyses were performed with IBM-SPSS soft-
ware, version 25. Analyses were performed using the 
modified intention-to-treat (ITT) for all participants that 
had at least one outcome and per protocol (PP) approach 
for all participants that completed the three courses IPTp 
with at least an outcome  of the trial. Comparisons of 
proportions were performed using the chi-square test or 
Fisher’s exact test (where appropriate). Continuous data 
were compared between the two treatment groups using 
the independent samples t test. Log binomial regression 
analyses were performed to obtain crude and adjusted 
relative risk (RR) values and corresponding 95% con-
fidence intervals for binary outcomes. A p value of less 
than 0.05 was considered statistically significant.
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Results
The trial was conducted from July 1, 2020 to June 30, 
2021. A total of 323 women were screened and 250 
were enrolled and underwent randomization with 125 
participants each assigned to the SP group and DP 
group, respectively. A total of 206 participants (94 in 
the SP group vs. 112 in the DP group) that were fol-
lowed through delivery were included in the ITT anal-
ysis, while 84 participants that completed the three 
courses of the trial agents (36 in the SP group vs. 48 in 
the DP group) were included in PP analysis as shown in 
Fig. 1.

In Table  1, the baseline characteristics were simi-
lar among the two treatment groups. The mean age 
at enrollment was 27.7 ± 6.1  years in the SP group 
and 27.3 ± 5.7  years in the DP group, and 57.4% and 

64.3% of the participants were enrolled in the SP and 
DP groups, respectively, between 16 and 17  weeks 
of gestation. The common parity group was multi-
gravidae (64.9% in the SP vs. 66.1% in the DP group), 
while 43.6% of the SP group and 38.4% of the DP group 
were anemic at enrollment. The mean ALT levels were 
11.5 ± 6.9  IU/L and 12.0 ± 7.9  IU/L in the SP and DP 
groups, respectively.

The modified ITT analysis indicated a nonsignifi-
cant higher incidence of placental malaria in the DP 
group compared with the SP group (63.1% vs. 51.1%). 
Also, there was a nonsignificant higher risk of placen-
tal malaria in the DP group (RR = 1.29, 95% CI 0.96–
1.73) compared with the SP group. This risk was slightly 
reduced after adjusting for confounders, although non-
significant result was still  maintained (Adjusted RR= 
1.27, 95% CI 0.94-1.71). Subgroup analyses by gravidity 

Fig. 1 CONSORT diagram of participant flow
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revealed a significant higher risk of placental malaria 
among the primigravidae in the DP group compared to 
primigravidae in the SP group. This significant risk was 
maintained even after adjusting for possible confound-
ing variables (RR = 1.89, 95% CI 1.13–3.16). There was a 
nonsignificant reduced risk of spontaneous abortion in 
the DP group compared with the SP group (RR = 0.68, 
95% CI 0.30–1.54). This reduced risk was significant 
in the primigravidae (RR = 0.45, 95% CI 0.35–0.58). 
Also, the risks of low birth weight (RR = 0.76, 95% CI 
0.53–1.10), and composite adverse birth outcomes 
(RR = 0.83, 95% CI 0.57–1.21) were nonsignificantly 
lower in the DP group compared with the SP group. 
These reduced risks remained nonsignificant even after 
adjustment for possible confounders. Also, the risk of 
a low APGAR score was significantly lower in the DP 
group compared with the SP group (RR = 0.45, 95% 
CI 0.38–0.52). Both the primigravidae (RR = 0.45, 95% 
CI 0.35–0.58), and multigravidae (RR = 0.44, 95% CI 

0.37–0.54) in the DP group maintained this significant 
lower risk. Conversely, the risks of preterm delivery 
(RR = 1.01, 95% CI 0.52–1.95), and small for gestational 
age (RR = 1.07, 95% CI 0.45–2.54) were, respectively, 
nonsignificantly slightly  higher in the DP group com-
pared to the SP group. However, the subgroup analy-
ses by gravidity for the risks of preterm delivery and 
small for gestational age, respectively, resulted still in 
nonsignificant changes in the risk for either subgroup 
(Table 2).

In Table 3, the PP analysis results also showed no sig-
nificantly higher incidence of placental malaria in the 
DP group compared with the SP group (56.2% vs. 52.8%, 
P = 0.752). There was also no significantly slightly higher 
risk of placental malaria in the DP group (RR = 1.08, 95% 
CI 0.66–1.77) compared with the SP group. The sub-
group analysis by gravidity revealed that in the DP group, 
both primigravidae (RR = 1.29, 95% CI 0.50–3.28), and 
multigravidae (RR = 1.02, 95% CI 0.57–1.82) also had 
nonsignificant higher risks of placental malaria com-
pared to their counterparts in the SP group. The risk 
of low APGAR score was significantly lower in the DP 
group compared with the SP group (RR = 0.42, 95% CI 
0.32–0.52). The multigravidae in the DP group showed 
a significant lower risk of low APGAR score compared 
to their counterpart in the SP group (RR = 0.43, 95% CI 
0.32–0.59). Also, the risks of low birth weight (RR = 0.65, 
95% CI 0.36–1.19), pre-term delivery (RR = 0.63, 95% 
CI 0.27–1.46), small for gestational age (RR = 0.63, 
95% CI 0.27–1.46), and composite adverse fetal out-
comes (RR = 0.65, 95% CI 0.36–1.19) were lower in the 
DP group, respectively, compared with the SP group, 
although no level of significance was reached. Further, 
subgroup analyses by gravidity for low birth weight, small 
for the gestation age, and composite adverse fetal out-
comes by gravidity resulted still in nonsignificant changes 
in the risk for either subgroup (Table 3).

The two study drugs were well tolerated by most partic-
ipants, while the incidence of elevated ALT at 28 weeks 
of gestation did not differ significantly between both 
groups (3.8% in the SP group vs. 1.6% in the DP group, 
P = 0.586). No clinical adverse events consistent with 
hepatotoxicity occurred during the course of the trial. 
On the contrary, the incidence of nausea and vomiting 
was significantly observed in four participants in the SP 
group compared to none in the DP group (4.3% vs. 0.0%, 
P = 0.041) (Table 4).

Discussion
To our knowledge, this is the first clinical trial that 
evaluated IPTp with DP as an alternative to IPTp with 
SP in West Africa, including Nigeria. In the present 
trial, there was no significant difference in the risk of 

Table 1 Baseline characteristics of the participants that were 
followed up through delivery (N = 206)

ALT Alanine aminotransferase
a Independent samples t test
b Chi-square test
c Fisher’s exact test

Variables Trial groups

SP
n = 94

DP
n = 112

Mean age (years)a 27.7 ± 6.1 27.3 ± 5.7

Age-group (years), n (%)b

17–25 35 (37.2) 50 (44.6)

26–33 43 (46.7) 43 (38.4)

> 33 16 (17.1) 19 (17.0)

Mean gestational age in  weeksa 17.7 ± 1.7 17.4 ± 1.6

Gestation age in weeks, n (%)b

16–17 54 (57.4) 72 (64.3)

18–20 40 (42.6) 40 (35.7)

Gravidity, n (%)b

Primigravidae 33 (35.1) 38 (33.9)

Multigravidae 61 (64.9) 74 (66.1)

Mean weight (kg)a 65.8 ± 14.8 63.6 ± 13.8

Mean height (m)a 1.59 ± 0.07 1.59 ± 0.08

BMI (kg/m2), n (%)b

< 18.5 6 (6.4) 10 (9.0)

18.5–24.9 40 (42.6) 52 (46.4)

> 24.9 48 (51.0) 50 (44.6)

Mean hemoglobin (g/dL)a 10.3 ± 1.4 10.4 ± 1.4

Anemia, n (%)b 41 (43.6) 43 (38.4)

Mean ALT level (IU/L)a 11.5 ± 6.9 12.0 ± 7.9

Elevated ALT level (> 36 IU/L), n (%)cc 1 (1.1) 3 (2.7)
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placental malaria between DP and SP. Conversely, based 
on point estimates DP was associated with a significant 
lower risk of a low APGAR score. Also, nonsignificant 
lower risks of low birth weight, preterm delivery, small 

for the gestational age, and a composite of any adverse 
birth outcome were noted in the DP group. The adverse 
effects of both study drugs were similar, although a 

Table 2 Intention-to-treat analysis results of the primary and secondary outcomes (N = 206)

APGAR  Appearance, Pulse, Grimace, Activity, and Respiration
a Adjusted for gravidity, baseline maternal anemia, and age-group
b Adjusted for gravidity, baseline maternal anemia, age-group and BMI category
# Any adverse birth outcome (spontaneous abortion, low birth weight, preterm delivery, and small for gestational age) is included
† SP group is the reference group for Relative Risk (RR) calculations

*Significant at P < 0.05

Outcomes Gravidity Trial groups Crude RR
(95% CI)†

Adjusted RR (95% CI)†

SP (n = 94)
n (%)

DP (n = 112)
n (%)

Mean gestational age at delivery (weeks) All gravidae 38.7 ± 2.4 38.85 ± 2.46 – –

Primigravidae 38.6 ± 3.5 39.3 ± 1.4 – –

Multigravidae 38.8 ± 1.6 38.6 ± 2.8 – –

Rogerson placental malaria category

None All gravidae 46 (48.9) 41 (36.9) 1.30 (0.97–1.75) -
Acute All gravidae 0 (0.0) 6 (5.4) - -
Chronic All gravidae 20 (21.3) 27 (24.3) 1.10 (0.76–1.60) -
Past All gravidae 28 (29.8) 37 (33.4) 1.09 (0.79–1.52) -
Placental  malariaa All gravidae 48 (51.1) 70 (62.5) 1.29 (0.96–1.73) 1.27 (0.94–1.71)

Primigravidae 13 (39.4) 27 (71.1) 1.99 (1.18–3.33)* 1.89 (1.13–3.16)*

Multigravidae 35 (57.4) 43 (58.9) 1.02(0.70–1.48) 0.97 (0.67–1.41)

Spontaneous abortion All gravidae 2 (2.1) 1 (0.9) 0.68 (0.30–1.54) -
Primigravidae 2 (6.1) 0 (0.0) 0.45 (0.35–0.58)* -
Multigravidae 0 (0.0) 1 (1.4) - -

Stillbirth All gravidae 0 (0.0) 0 (0.0) - -
Primigravidae 0 (0.0) 0 (0.0) - -
Multigravidae 0 (0.0) 0 (0.0) - -

Low birth  weightb All gravidae 15 (16.0) 11 (9.8) 0.76 (0.53–1.10) 0.75 (0.51–1.09)

Primigravidae 5 (15.2) 2 (5.3) 0.61 (0.36–1.06) -
Multigravidae 10 (16.4) 9 (12.2) 0.84 (0.52–1.34) 0.62 (0.34–1.14)

Preterm delivery All gravidae 5 (5.4) 6 (5.4) 1.01 (0.52–1.95) -
Primigravidae 0 (0.0) 0 (0.0) - -
Multigravidae 5 (8.2) 6 (8.2) 0.99 (0.51–1.95) -

Small for gestational  ageb All gravidae 3 (3.3) 4 (3.6) 1.07 (0.45–2.54) 1.12 (0.46–2.71)

Primigravidae 0 (0.0) 1 (2.6) - -
Multigravidae 3 (4.9) 3 (4.1) 0.90 (0.40–2.05) 0.98 (0.42–2.29)

Congenital malformation All gravidae 0 (0.0) 0 (0.0) - -
Primigravidae 0 (0.0) 0 (0.0) - -
Multigravidae 0 (0.0) 0 (0.0) - -

Low APGAR score All gravidae 5 (5.3) 0 (0.0) 0.45 (0.38–0.52)* -
Primigravidae 2 (6.1) 0 (0.0) 0.45 (0.35–0.58)* -
Multigravidae 3 (4.9) 0 (0.0) 0.44 (0.37–0.54)* -

#Composite adverse birth  outcomeb All gravidae 15 (16.0) 13 (11.6) 0.83 (0.57–1.21) 0.82 (0.55–1.21)

Primigravidae 5 (15.2) 2 (5.3) 0.61 (0.36–1.06) -
Multigravidae 10 (16.4) 11 (14.9) 0.94 (0.57–1.54) 0.97 (0.59–1.61)
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significant occurrence of nausea and vomiting was 
observed in the SP group.

In the present trial, there was no significant differ-
ence in the risk of placental malaria between both study 
groups, although there was a slightly increased risk of 
placental malaria in the DP group compared with the 
SP group. Relatively low SP resistance in West African 
countries including Nigeria and longer intervals between 
courses of DP due to its less frequent dosing could be 
responsible for this finding. This suggests that DP may 
likely have provided partial protection against malaria 

possibly by suppressing parasite densities in the pla-
centa rather than clearing them. This finding is not in 
agreement with the findings in the three-dose DP arm 
of previous Tanzanian and Ugandan trials [9, 10]. Differ-
ences in the SP resistance levels across African countries 
and study designs could be responsible for the different 
results. In this trial, DP was associated with a significant 
lower risk of a low APGAR score. To our knowledge, the 
present study is the first to report this finding. This find-
ing could be due to mechanisms not mediated by malaria. 
Hence, further studies are recommended to unravel this 

Table 3 Per protocol analysis results of the primary and secondary outcomes (N = 84)

APGAR  Appearance, Pulse, Grimace, Activity, and Respiration
# Any adverse birth outcome (low birth weight, preterm delivery, congenital anomaly, and small for gestational age) is included
† SP group is the reference group for Relative Risk (RR) calculations

Outcomes Gravidity Trial groups Crude RR (95% CI)†

SP (n = 36)
n (%)

DP (n = 48)
n (%)

Mean gestational age at delivery (weeks) All gravidae 39.06 ± 1.59 39.63 ± 1.30 –

Primigravidae 39.36 ± 0.81 39.67 ± 1.09 –

Multigravidae 38.92 ± 1.82 39.60 ± 1.43 –

Rogerson placental malaria category

None All gravidae 17 (47.2) 21 (43.8) 1.08 (0.66–1.77)

Acute All gravidae 0 (0.0) 4 (8.3) –

Chronic All gravidae 5 (13.9) 13 (27.1) 1.69 (0.77–3.72)

Past All gravidae 14 (38.9) 10 (20.8) 0.63 (0.39–1.01)

Placental malaria All gravidae 19 (52.8) 27 (56.2) 1.08 (0.66–1.77)

Primigravidae 5 (45.5) 10 (55.6) 1.29 (0.50–3.28)

Multigravidae 14 (56.0) 17 (56.7) 1.02 (0.57–1.82)

Stillbirth All gravidae 0 (0.0) 0 (0.0) –

Primigravidae 0 (0.0) 0 (0.0) –

Multigravidae 0 (0.0) 0 (0.0) –

Low birth weight All gravidae 5 (13.9) 3 (6.2) 0.65 (0.36–1.19)

Primigravidae 0 (0.0) 1 (5.6) –

Multigravidae 5 (20.0) 2 (6.7) 0.58 (0.33–1.04)

Preterm delivery All gravidae 2 (5.6) 1 (2.1) 0.63 (0.27–1.46)

Primigravidae 0 (0.0) 0 (0.0) –

Multigravidae 2 (8.0) 1 (3.3) 0.66 (0.28–1.56)

Small for gestational age All gravidae 2 (5.6) 1 (2.1) 0.63 (0.27–1.46)

Primigravidae 0 (0.0) 0 (0.0) –

Multigravidae 2 (8.0) 1 (3.3) 0.66 (0.28–1.56)

Congenital malformation All gravidae 0 (0.0) 0 (0.0) –

Primigravidae 0 (0.0) 0 (0.0) –

Multigravidae 0 (0.0) 0 (0.0) –

Low APGAR score All gravidae 2 (5.6) 0 (0.0) 0.42 (0.32–0.52)

Primigravidae 0 (0.0) 0 (0.0) –

Multigravidae 2 (8.0) 0 (0.0) 0.43 (0.32–0.59)

Composite adverse birth  outcome# All gravidae 5 (13.9) 3 (6.2) 0.65 (0.36–1.19)

Primigravidae 0 (0.0) 1 (5.6) –

Multigravidae 5 (20.0) 2 (6.7) 0.58 (0.33–1.04)
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mechanism. Also, the present trial showed a lower inci-
dence of low birth weight in the DP group relative to the 
SP group. Despite the similar gestational age at birth, this 
finding suggests that the higher birth weight noted could 
also be due to mechanisms not mediated by malaria. 
Urogenital schistosomiasis is common in the study area 
[17]. Evidence has shown that intestinal schistosomiasis 
is associated with adverse birth outcomes [18, 19]. DP 
has been found to be effective against intestinal schisto-
somiasis [20]. This may partly explain the observed non-
malaria effect of DP, although the exact non-malarial 
mechanisms by which DP is improving birth weight are 
still not clear and warrant further study. However, the 
result of the present trial is in agreement with that of a 
more recent superiority trial of monthly IPTp with DP 
versus monthly IPTp with SP in Tanzania and Uganda [9, 
11]. In contrast, results of other previous trials in Uganda 
and Kenya showed higher risks of low birth weight 
among neonates of women in intermittent screening and 
treatment with DP group, and a three-dose or monthly 
IPTp with DP groups [10, 12]. Moreover, a pooled analy-
sis of individual participant-level data from these three 
trials conducted in Kenya and Uganda showed that SP 
conferred a greater non-malarial effect on birth weight 
than DP [21]. Differences in the trial designs and par-
ticipants-specific risk factors could account for these 
observed differences.

Overall, the present trial showed no significantly lower 
risk of a composite of any adverse birth outcomes in the 
DP group compared with the SP group consistent with 
a similar study conducted in Tanzania [9]. This find-
ing could also be due to mechanisms not mediated by 
malaria. On the contrary, three previous randomized tri-
als showed higher incidences of composite adverse birth 
outcomes in the DP group than in the SP group [10–12]. 
Safety and side effects are important considerations 
when preventive drugs are being evaluated for routine 

use during pregnancy. In the present trial, the overall 
incidence of adverse drug events was comparable in the 
two trial arms except for nausea and vomiting. The inci-
dence of nausea and vomiting was significant in the SP 
group. This finding is comparable to nausea and stomach 
upset reported previously [22]. More so, available data 
have shown that SP can lead to a transient rise of liver 
enzymes [23]. On the other hand, despite piperaquine 
having long been associated with QTc prolongation [24, 
25], evidence shows that it has the capacity to cause ele-
vation of liver enzymes, especially ALT [26]. In the pre-
sent trial, there was no significant difference in the risk 
of elevation of ALT between the two treatment groups. 
Although, a higher elevation and more participants with 
values higher than the upper normal limit were noted in 
the SP group compared to the DP group with no clinical 
or statistical differences. In contrast, a previous trial did 
not report similar findings [11].

Limitations
The main limitation of the present trial is the small sam-
ple size, low adherence to all three courses of IPTp, and 
lack of data on drug resistance in the cohort. Also, the 
exclusion of RDT-positive women may limit the gener-
alizability of the findings. Another limitation is that the 
trial was not powered to detect differences in birth out-
comes. Furthermore, DP has been shown to cause pro-
longation of the QTc interval; however, the QTc interval 
was not evaluated in this trial. Another limitation is that 
IPTp is supposed to be directly observed therapy but due 
to multiple doses required per course of the trial drugs, 
participants were adequately instructed to take the drugs 
at home. Therefore, 100% adherence to the trial drugs 
may not have been achieved.

Conclusions
In conclusion, IPTp with DP was safe and well tolerated. 
The risk of placental malaria was not significantly differ-
ent between IPTp with DP and IPTp with SP. Also, the 
risks of adverse birth outcomes were not significantly dif-
ferent between both study drugs except for a low APGAR 
score. These findings add to a growing body of literature 
indicating that DP is a promising alternative to SP for 
IPTp in areas with a high level of malaria parasite resist-
ance to SP. In spite of this contribution to knowledge, 
future trials are recommended to confirm the findings of 
the present trial.

Abbreviations
ACT   Artemisinin-based combination therapy
ALT  Alanine aminotransferase
APGAR   Appearance, pulse, grimace, activity, and respiration
dhfr  Dihydrofolate reductase
dhps  Dihydropteroate synthase

Table 4 Adverse effects of the study drugs

ALT Alanine aminotransferase
a Fisher’s exact test

*Significant at P < 0.05

Adverse effects Total N (%) SP n (%) DP n (%) P value

Elevated maternal ALT 
level

3/116 (2.6) 2/52 (3.8) 1/64 (1.6) 0.586a

Fever 9/203 (4.4) 4/92 (4.3) 5/111 (4.5) 1.000a

Fatigue 1/203 (0.5) 0/92 (0.0) 1/111 (0.9) 1.000a

Headache 3/203 (1.5) 0/92 (0.0) 3/111 (2.7) 0.253a

Skin rash 2/203 (1.0) 0/92 (0.0) 2/111 (1.8) 0.502a

Nausea/Vomiting 4/203 (2.0) 4/92 (4.3) 0/111 (0.0) 0.041*a

Dizziness 2/203 (1.0) 2/92 (2.2) 0/111 (0.0) 0.204a
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DOT  Directly observed therapy
DP  Dihydroartemisinin–piperaquine
HIV  Human immunodeficiency virus
IPTp  Intermittent preventive treatment in pregnancy
ITT  Intention-to-treat
PP  Per protocol
RDT  Rapid diagnostic test
RR  Relative risk
SP  Sulfadoxine–pyrimethamine
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