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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 (Cl): 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.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

M 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
carly in the second trimester (< 20 weeks gestational age). But data
from a moderate malaria transmission area is lacking.

WHAT (LQESTION DID THIS STUDY ADDRESS?

M 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?

4| 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 ORTRANSLATIONAL SCIENCE?

M 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.!
Plasmodium falciparum infection causes maternal illness, anemia,
premature birth, stillbirth, low birthweight (LBW), and associ-
ated mortality.l_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.* However, the high prevalence of P. fal-
ciparum resistance to sulfadoxine-pyrimethamine (SP)>® compro-
mises the effectiveness of IPTp-SP in sub-Saharan Africa>”®

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.”"!2 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,”® and dihydroartemisinin-piperaquine (DHP)
in Malawi and Kenyam’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. '

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.' 12 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.””

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.IS‘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 agc.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.”*

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.®

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,
cach 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 I'TNs 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 cach monthly ANC visit, participants in cither 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 em®) 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/dlL.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.”** 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.”® 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,
cach 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 pL per well con-
taining 3 pL DNA, 7.5 pL of TaqMan multiplex master mix (Applied
Biosystems), 0.3 pL (10 pmol/L) of species-specific forward primers,
0.75 pL (10 pmol/L) of the reverse primer, 0.15 pL (10 pmol/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
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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 simultancously.

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 wecks 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.”” Any adverse birth outcome was defined by a
composite of LBW, premature birth, spontancous 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.* Based on pre-
vious data,” we assumed a 10% prevalence of histopathological placental
malaria in pregnant women who received IPTp-SP. Considering the pre-
vious trial”! 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 ” test or
Fisher’s exact test were used to compare proportions between groups.
For continuous variables, an independent #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
cfficacy (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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Total recruited
(N = 1,066)

Total excluded (n=110)
Malaria RDT positive (n=45)
Malaria treatment in the past one month (n=4)
Severe anemia (n=7)

Randomized
(n=956)

Known allergy to SP (n=2)
HIV infected (n=52)

l

Allocated to IPTp-SP (n=478)
Intention to treat population

Lost to follow up (n=38)
Withdrew consent (n=3)
Moved outside the study area (n=3)

Delivered at other hospitals (n=4)
Qutcomes not collected (n=13)

}

Allocated to IPTp-DHP (n=478)

Intention to treat population

Lost to follow up (n=53)
Withdrew consent (n=4)
Moved outside the study area (n=5)

Delivered at other hospitals (n=4)
Qutcomes not collected (n=12)

Outcomes collected at delivery
(n=417)

Per protocol population

Outcomes collected at delivery
(n=400)

Per protocol population

Figure 1 Study flow chart.

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.X1/2). 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
IP'Tp-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

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 110 NUMBER 6 | December 2021 1481

85U90|7 SUOWILLOD 311D 3dedljdde 8y Aq peuienob 9.8 SapiLe YO 9sn J0 S3|nJ U0y Aeiq18UlUO AS|IM UO (SUONIPUOI-PUB-SLLLIB)AL0D S| 1M Aeid Ul juD//:Sdny) SUONIPUOD Pue SWe | 841 89S *[£202/¢0/c0] Uo Akeiqiauliuo Ao|IM ‘(luezue]) dSVYNI AQ £22211d0/200T 0T/I0p/W0D A8 | IM Ae.d 1 jul|uoidase//:sdny wolj papeojumoq ‘9 ‘T202 ‘SES9ZEST



ARTICLE

Table 1 Characteristics of study participants at baseline
and during pregnancy

IPTp-SP  IPTp-DHP

Characteristics (n = 478) (n =478)
Age category Adolescent (< 20 years) 95 (19.9) 94 (19.7)

n (%) 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 Second (13-27 weeks) 435 (91) 433 (90.6)
n (%) Third (> 28 weeks) 43 (9) 45 (9.4)
Education level No formal education 95 (19.9) 91 (19)
n (%) At least primary 383(80.1) 387 (81)

education

Baseline ITNs Yes 345 (72.2) 350 (73.2)

use n (%) No 133 (27.8) 128 (26.8)

ITNs use dur- Yes 435 (91) 431 (90.2)
qu”%o Af)’reg”a”"y 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 2 (0-9) 2 (0-9)
(range)
Median gestational age in weeks (range) 21 (14-32) 22
(14-32)
Median body temperature in °C (range) 37 37
(34.3-37) (34-37.2)
Median height in cm (range) 151 151
(146-164) (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.

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
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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, (ii) 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 halflife.*® The piperaquine component in
DHP has the longest climination half-life (about 30 days) among
the partner drugs in the currently recommended ACTs.> The long
elimination half-life of piperaquine provides long post-treatment
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— IPTp-SP
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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.

prophylaxis, which clears parasite infection and reduces the risk of
malaria reinfection.”> On the other hand, the high prevalence of
D, falciparum resistance to SP in the study area®? 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 placvf:nta,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.é’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
carly in the second trimester against malaria in prf:gnamcy.ls’ﬂ’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.ZI’22 Although
caution should be taken when comparing results from different
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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.lS’Zl’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.”
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
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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; Cl, 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.

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.* The resules 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.">*"** 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

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

reported previously in other trials,>*"** 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
In addition, the WHO has indicated that DHP has

a low risk of cardiotoxicity.”’ Because the trial was done in an

22
cvents.

arca 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

1485

85U90|7 SUOWILLOD 311D 3dedljdde 8y Aq peuienob 9.8 SapiLe YO 9sn J0 S3|nJ U0y Aeiq18UlUO AS|IM UO (SUONIPUOI-PUB-SLLLIB)AL0D S| 1M Aeid Ul juD//:Sdny) SUONIPUOD Pue SWe | 841 89S *[£202/¢0/c0] Uo Akeiqiauliuo Ao|IM ‘(luezue]) dSVYNI AQ £22211d0/200T 0T/I0p/W0D A8 | IM Ae.d 1 jul|uoidase//:sdny wolj papeojumoq ‘9 ‘T202 ‘SES9ZEST



15326535, 2021, 6, Downloaded from https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.2273 by INASP (Tanzania), Wiley Online Library on [03/04/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

"BlWAUE |13} pue ‘YIS ‘Uollioge snoaueluods

‘yuig ainjewald ‘Mg 4o 81sodwod e Aq paulyop Sem awo91No Yuig asiaape Auy ‘(1p/8 TT > gH) elwaue |eulajew pue ‘(83e |euolie1sag syaam L& > A1anljap) Alaaljep wialald (8 00G ‘g > S1om yuig) mgi ‘(e8e
|EUOIRISST JO SHOAM 8T <) UMIAIINS ‘(TP/8 G'ZT > gH POO|q pi0d) elwdue [e}s) ‘(98e |eUOIIRISS3 JO SY9aM 8Z >) UOILIOJE SNoduRUOdS (}sl Je Jea-uosiad Jad 8ouspioul) SIUBAS JO JSQINN, IS8} JOBXS S JaUsSld,
UBIOM YHIg MO ‘M1 reulweylawiAd

-auIxopey|ns yum Aoueudaid uj Juswieasl aaluanaid Juaniwialul ‘4S-dld| ‘euinbesadid-ujuisiwalieodpAyip yum Aoueudaid uj Juswieas} aaluaAaid Juaniwiaiul ‘dHA-d1d| {[eAI91ul 80UdPIIUOD %GE = |J %S6

"1891 X U0 paseq a1om San|eA d 8y} ‘palou aSIMIBY10 Ssajun

(p/8 TT > qH)

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

90 (0T 01v-) € 8'8L 00%/STE 8'08 LTY/1€€ ZT0 (yT012-) L 6°G9 8/1/STE G'0L  8.lv/l€€ Ksanijop 1e ejwauy
o(1P/3 TT > qH) Aoueu

€€0 (8€ 04 8T-) GT (89°0) 89 (08°0) €8 [ Al] (o 01 €T-) 8T (L5°0) 89 (02°0) €8 -8a1d Suunp ejwauy
uonoas

9T'0 (06 03 91-) T9 80 oov/e 6T LTV/8 ST'0 (06 01 0t-) 29 290 8.v/€ LT 8.1/8 uealesad Aq A1anlleQ
— — 0 00t/0 rAlo) LTY/T — — 0 8.%/0 zo 8.v/T eisdwe|os-aid
(sMeem 82 5)

— — 0 00%/0 rAlo) LTV/T — — 0 8.%/0 zo 8/%7/T  uolloge snosuejuodg
(1p/8 G°ZT > gH Poo|q

63°0 (Te 01 v2-) 8 It 00t/69 1'8T LT¥/81 A7) (re 01 6T-) TC 9vT 8.1/69 €97 8/1/8. pJ02) elwsue |e1e4
(sMeem 8¢ <)

— — 0 00t/0 v'T LT¥/9 — — 0 8.%/0 €T 8/%/9 uMIg IS
(syoom J€ >

10 (L8 01 Ze-) 8S T oov/¥ 'C LT¥/0T ZT0 (28 01 92-) 09 8'0 8.Y/v TC 8/%7/0T  Yuiq) yuiq ainjewsld
(8 00g'c >

7000 (02 0102) TS G'g oov/cec AN 0Tv/9% €000 (€L 0122) TS 9y 8.v/tc 96 8.v/9% 1ySem yuig) Mg

(elwaue |e1o)
3UIpn|oXa) SBW091N0

TO00 > (¢L01€€) LG G'9 00%/9¢ T'qT LT¥/€9 T000 > (€2 01 9€) 6S ¥'G 8.%/9¢ ZET 8.¥/€9 8sJaApe aysodwo)
Saw0d1no
TT°0 (9€ 04 G-) 8T S'TC 00t/06 €l LTV/vTT 900 (8€ 01 T-) TC 6'LT 8.%/06 8'€C  8LV/VIT asJaApe alsodwo)
anjeA d (10 %S6) % N/u % N/u anjeA d (19 %S6) % N/u % N/u sawooInQ
Aoealyjo aA1199104d Aoeolyja aAn99l0.d
(0o = u) (LT = u) ds-didi (811 =u) (811 = u) ds-didl
dHa-didi dHa-didl
sisAjeue |020j0.d Jad sisAjeue 1ea.} 0} UoiUAU|

sdnoig juawieal) ay} usaM}aq SBWO0IIN0 Yliq 9SIBAPY € djqel

ARTICLE
1486



ARTICLE
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Malaria detected in the cord blood at delivery E E y— =} ;2//:173 gé)) I;Z“Zg g;; gg 8(2) Eg ggg gg% 0.54
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.
(c) Symptomatic malaria during pregnancy : i [_—— S llg 58%% % (%01022)) gg 8; tt((; ;)g)) 8883 0.15
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T

-25 0 25 50 75 100

-
Favors SP

e

Protective efficacy (%)

* Malaria free (mRDT and PCR negative) at enrollment (#=820)
o Malaria free (mRDT negative) at enrollment (#=956)

Favors DHP

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; Cl, 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.

population because only women who did not have patent ma-
laria were included. Alcthough 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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