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The Journal of Infectious Diseases

MAJOR ARTICLE

Intermittent Preventive Treatment With
Dihydroartemisinin-Piperaquine for the Prevention of
Malaria Among HIV-Infected Pregnant Women

Paul Natureeba,' Abel Kakuru,' Mary Muhindo,' Teddy Ochieng,' John Ategeka,' Catherine A. Koss,* Albert Plenty,* Edwin D. Charlebois,’
Tamara D. Clark,* Bridget Nzarubara,' Miriam Nakalembe,? Deborah Cohan,® Gabrielle Rizzuto,” Atis Muehlenbachs,® Theodore Ruel
Prasanna Jagannathan,’ Diane V. Havlir,* Moses R. Kamya,® and Grant Dorsey*
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'Infectious Diseases Research Collaboration, 2Department of Obstetrics and Gynecology, and ®School of Medicine, Makerere University College of Health Sciences, Kampala,
Uganda; *Department of Medicine, 5Center for AIDS Prevention Studies, Departments of 8Obstetrics and Gynecology, Pathology, and ®Pediatrics, University of California, San
Francisco; and ®Division of High-Consequence Pathogens and Pathology, Centers for Disease Control and Prevention, Atlanta, Georgia

(See the editorial commentary by ter Kuile and Taylor on pages 4-6.)

Background. Daily trimethoprim-sulfamethoxazole (TMP-SMX) and insecticide-treated nets remain the main interventions
for prevention of malaria in human immunodeficiency virus (HIV)-infected pregnant women in Africa. However, antifolate and
pyrethroid resistance threaten the effectiveness of these interventions, and new ones are needed.

Methods. 'We conducted a double-blinded, randomized, placebo-controlled trial comparing daily TMP-SMX plus monthly dihy-
droartemisinin-piperaquine (DP) to daily TMP-SMX alone in HIV-infected pregnant women in an area of Uganda where indoor
residual spraying of insecticide had recently been implemented. Participants were enrolled between gestation weeks 12 and 28 and
given an insecticide-treated net. The primary outcome was detection of active or past placental malarial infection by histopathologic

analysis. Secondary outcomes included incidence of malaria, parasite prevalence, and adverse birth outcomes.

Result.

All 200 women enrolled were followed through delivery, and the primary outcome was assessed in 194. There was no

statistically significant difference in the risk of histopathologically detected placental malarial infection between the daily TMP-
SMX plus DP arm and the daily TMP-SMX alone arm (6.1% vs. 3.1%; relative risk, 1.96; 95% confidence interval, .50-7.61; P = .50).

Similarly, there were no differences in secondary outcomes.
Conclusions.

Among HIV-infected pregnant women in the setting of indoor residual spraying of insecticide, adding monthly

DP to daily TMP-SMX did not reduce the risk of placental or maternal malaria or improve birth outcomes.

Clinical Trials Registration. NCT02282293.
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Malaria in pregnancy is associated with adverse maternal and
neonatal outcomes, such as spontaneous abortions, stillbirth,
intrauterine growth restriction, preterm delivery, low birth
weight, maternal anemia, and neonatal death [1]. Prior to the
widespread implementation of antiretroviral therapy (ART),
human immunodeficiency virus (HIV)-infected pregnant
women were shown to have an increased risk of parasitemia,
clinical malaria, and placental malarial infection, compared
with HIV-uninfected pregnant women [2]. In addition, HIV
and placental malaria parasite coinfection is associated with
an increased risk of low birth weight and preterm delivery,
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compared with women with either infection alone [2]. The
additional risk of placental malarial infection conferred by
HIV coinfection is more pronounced with higher parity, a phe-
nomenon supported by laboratory studies indicating that HIV
impairs parity-specific immunity [3, 4]. Current strategies for
the prevention of malaria during pregnancy in HIV-uninfected
women include the use of insecticide-treated nets (ITNs) and
intermittent preventive treatment (IPTp) with sulfadoxine-py-
rimethamine (SP). For HIV-infected pregnant women taking
daily trimethoprim-sulfamethoxazole (TMP-SMX) prophylaxis
as part of routine care, the World Health Organization (WHO)
recommends avoiding the use of IPTp with SP, owing to the risk
of adverse drug reactions [5]. However, the spread of resistance
to the pyrethroid class of insecticides used in ITNs and the anti-
folate class of drugs used for chemoprevention suggest the need
for novel strategies for the prevention of malaria among HIV-
infected pregnant women [6, 7].

Artemisinin-based combination therapies (ACTs) have been
shown to be effective for the treatment of malaria in pregnancy
[8, 9]; however, there are limited data on the use of ACTs for the
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prevention of malaria in pregnancy and no published studies
among HIV-infected women. Dihydroartemisinin-piperaquine
(DP) is an especially attractive ACT because of its prolonged
posttreatment prophylactic effect [10]. Recent data from Kenya
and Uganda showed that IPTp with DP was associated with a
lower burden of malaria as compared to IPTp with SP among
HIV-uninfected pregnant women [11, 12].

We compared the efficacy and safety of daily TMP-SMX versus
daily TMP-SMX plus IPTp with monthly DP to prevent placen-
tal malarial infection among HIV-infected women living in an
area in Uganda with historically high rates of malaria transmis-
sion and antifolate resistance. Additional outcomes of interest
included other measures of placental malarial infection, adverse
birth outcomes, incidence of malaria, and parasite prevalence.

METHODS

Study Setting and Participants

The study was conducted in Tororo, Uganda, an area of histor-
ically high malaria transmission intensity with an estimated
entomological inoculation rate of 310 infectious bites per per-
son-year in 2012 [13]. Notably, in December 2014, when study
enrollment began, a national program of indoor residual spray-
ing of insecticide (IRS) was implemented throughout the dis-
trict, resulting in a dramatic decrease in the incidence of malaria
[14]. Women were recruited from the Tororo District Hospital
antenatal clinic, the AIDS Support Organization, and other
health centers in the district. Eligible women were >16 years of
age; infected with HIV-1, as confirmed by 2 assays; lived within
30 km of the study site; and had a pregnancy between 12 and 28
weeks of gestation, confirmed by ultrasonography. Women were
excluded if they had a history of any adverse events associated
with TMP-SMX or DP therapy, had an active medical problem
requiring inpatient evaluation or WHO HIV disease stage 4
conditions that were not stable under treatment, had a history
of cardiac problems, had signs of labor, or were taking ritona-
vir, drugs associated with known risk of torsades de pointes, or
cytochrome P450 3A inhibitor medications.

Study participants provided written informed consent in
their preferred language. The study protocol was approved
by the Makerere University School of Biomedical Sciences
Research and Ethics Committee, the Uganda National Council
for Science and Technology, and the University of California-
San Francisco Committee on Human Research.

Study Design and Randomization

This was a double-blinded, randomized, placebo-controlled trial
of 200 HIV-infected pregnant women. Women were randomly
assigned to receive standard chemoprevention with daily TMP-
SMX plus monthly placebo or daily TMP-SMX plus monthly
DP in a 1:1 ratio, using permuted variable-sized blocks of 4 and
6. Pharmacists not otherwise involved in the study were responsi-
ble for treatment allocation and the preparation of study drugs. All

women received daily TMP-SMX prophylaxis (160 mg/800 mg).
Each dose of DP (tablets of 40 mg of dihydroartemisinin and
320 mg of piperaquine [Duo-Cotexin, Holley-Cotec]) consisted
of 3 tablets given once daily for 3 consecutive days. Participants
randomly assigned to receive daily TMP-SMX alone were given
DP placebo with the same appearance and number of tablets as
active DP. DP or DP placebos were administered every 4 weeks
between 16 and 40 weeks of gestational age. Administration of
the first daily doses of DP or DP placebo was directly observed in
the clinic. The second and third daily doses were taken at home.

Study Procedures
At enrollment, women received a long-lasting ITN, underwent
a standardized examination, and had blood samples collected.
Women received all of their medical care at a study clinic that
was open every day. All participants received combination ART
with efavirenz (EFV)/tenofovir/lamivudine and routine HIV
care according to Uganda Ministry of Health guidelines, with
the addition of HIV-1 RNA monitoring. Routine visits were
conducted every 4 weeks, including blotting of and drying blood
specimens on filter paper for future molecular testing; routine
laboratory testing (complete blood count and measurement of
alanine aminotransferase levels) was performed every 8 weeks.
Women were encouraged to come to the clinic any time they
were ill. Those who presented with a documented fever (defined
as a tympanic temperature of 238.0°C) or a history of fever in
the previous 24 hours had blood specimens collected for a thick
blood smear. If the smear was positive for malaria parasites, the
patient received a diagnosis of malaria and was treated with
artemether-lumefantrine. Participants who required a switch to
a protease inhibitor-based regimen owing to virologic failure
stopped receiving DP or DP placebo because of potential drug
interactions but had malaria and birth outcomes assessed.
Women were encouraged to deliver at the hospital adjacent
to the study clinic. Women delivering at home were visited by
study staff at the time of delivery or as soon as possible after-
ward. At delivery, a standardized assessment was completed,
including evaluation of the neonate for congenital anomalies,
measurement of birth weight, and collection of biological spec-
imens, including placental tissue, placental blood, cord blood,
and maternal blood. Following delivery, women were evaluated
at postpartum weeks 1 and 6. Adverse events were assessed and
graded according to standardized criteria at every visit to the
study clinic [15]. Electrocardiography was performed to assess
QT intervals corrected using Fridericia’s and Bazett’s formulas
in a subset of 55 women just prior to their first daily dose of
study drugs and 3-4 hours after their third daily dose of study
drugs when they reached 28 weeks gestational age.

Laboratory Procedures
Blood smears were collected in febrile women during preg-
nancy and from placental, cord and maternal blood at delivery.
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Blood smears were stained with 2% Giemsa and read by experi-
enced laboratory technologists. A blood smear was considered
negative when the examination of 100 high power fields did
not reveal asexual parasites. For quality control, all slides were
read by a second microscopist and a third reviewer would settle
any discrepant readings. Blood specimens for dried blood spot
testing were collected at enrollment and every 4 weeks during
pregnancy; specimens from placental, cord, and maternal blood
were collected at delivery. Dried blood spots were tested for the
presence of malaria parasites, using a loop-mediated isother-
mal amplification (LAMP) kit as previously described (Eiken
Chemical, Japan) [16]. Placental tissues were processed for his-
tological evidence of placental malarial infection as previously
described [17]. Slides prepared for histopathologic analysis were
read in duplicate, using a standardized case record form, by 2
independent readers (J. A. and G. R.), and any discrepant results
were resolved by a third reader (A. M.). Readers were blinded to
both treatment assignment and findings of prior reads.

Study End Points

The primary outcome was the prevalence of placental malar-
ial infection, based on the presence of any parasites or malaria
pigment detected by histopathologic analysis. Placental histo-
pathologic findings were also classified according to a standard-
ized categorical system [18]. Secondary outcomes included the
incidence of symptomatic malaria, the prevalence of parasite-
mia, based on LAM, and the prevalence of anemia (defined as a
hemoglobin level of <11 g/dL) during pregnancy following the
administration of the first dose of study drugs; the prevalence
of parasitemia at delivery, based on microscopy and LAMP
analysis of placental, cord, and maternal blood specimens; and
adverse birth outcomes, including spontaneous abortion, still-
birth, low birth weight (defined as a birth weight of <2500 g),
preterm delivery (defined as delivery before gestation week
37), congenital anomaly, and a composite of any of these. For
women giving birth to twins, delivery outcomes were based on
whether the outcome was present in either the child or the pla-
centa. Measures of safety and tolerability included the preva-
lence of vomiting following administration of study drugs and
the incidence of adverse events following the initiation of study
drug treatment through postpartum week 6.

Statistical Analysis

To test the hypothesis that the use of TMP-SMX plus monthly
DP would be associated with a lower risk of histopathologically
detected placental malarial infection as compared to TMP-SMX
alone, we assumed a prevalence of placental malarial infection
of 20% in the daily TMP-SMX arm, based on prior data [17],
and calculated a sample size of 200 to show a 62% reduction
with a 2-sided significance level of 0.05 and a power of 80%.
Statistical analysis was performed using Stata, version 14
(StataCorp, College Station, TX). All analyses were done using

a modified intention-to-treat approach including all women
allocated to treatment with evaluable outcomes of interest.
Comparisons of baseline characteristics were made using the
t test, for continuous variables, and the x? test, for categorical
variables. Comparisons of binomial outcomes were made using
the x? or Fisher exact tests. Comparisons of binomial outcomes,
using multivariate analysis to control for potential confound-
ers, were made using log-binomial regression. Comparisons of
binomial outcomes with repeated measures were made using
generalized estimating equations with a log-binomial family
and robust standard errors. Comparisons of incidence mea-
sures were made using a negative binomial regression model.
Comparison of mean differences in corrected QT intervals was
made using a 2-sample ¢ test. All P values were 2 sided, and val-
ues of <.05 were considered statistically significant.

RESULTS

Study Participants and Follow-up

From December 2014 through October 2015, 237 women were
screened, of whom 200 were enrolled and underwent random
assignment; 100 women were assigned to receive daily TMP-SMX
plus monthly placebo, and 100 women were assigned to receive
daily TMP-SMX plus monthly DP (Figure 1). Baseline characteris-
tics were similar between the 2 treatment arms, with the exception
of a trend toward a higher proportion of primigravidae enrolled
in the TMP-SMX plus monthly DP arm (13% vs 5%; P = .05;
Table 1). At enrollment, the mean age was 30 years, the pregnancy
in 55% of women was at gestation week <20, 57% reported own-
ing an ITN, 91% were receiving TMP-SMX prophylaxis, and 9%
had malaria parasites detected by LAMP. At enrollment, 81% of
participants were receiving ART, and 68% had received ART for
at least 90 days before enrollment. All 200 women enrolled were
followed through delivery, and 194 (97%) had placental tissue col-
lected for histopathologic analysis (Figure 1). Two women gave
birth to twins with monochorionic placentas.

Efficacy Outcomes

At delivery, the prevalence of histopathologic detection of
any placental malarial infection was higher in the TMP-SMX
plus monthly DP arm (6.1%), compared with the placebo arm
(3.1%), but the difference was not statistically significant (rel-
ative risk [RR], 1.96; 95% confidence interval [CI], .50-7.61;
P = .50; Table 2). When controlling for gravidity, the risks were
nearly identical (RR, 1.03; 95% CI, .29-3.60; P = .97). All 9 pla-
centas positive for placental malarial infection had pigment in
fibrin indicative of past infection, but only 2 had parasites indic-
ative of concomitant active infection (1 in each treatment arm).
The risk of placental malarial infection, stratified by gravidity
and treatment arm, are presented in Figure 2. Independent of
treatment arm, the prevalence of histopathologically detected
placental malarial infection was significantly lower in multi-
gravidae (0.7%), compared with secundigravidae (8.7%; P =.03)
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237 women screened

37 excluded

18 gestational age >28 wk
9 intention of moving outside of study area
3 history of adverse event to TMP-SMX or DP
2 HIV negative
2 active medical problem
2 nonviable pregnancy
1 early or active labor

A4

| 200 women enrolled |

v

| 100 randomized to daily TMP-SMX

| | 100 randomized to daily TMP-SMX + monthly DP

‘ 0 withdrawn before delivery

]

A

_>‘ 0 withdrawn before delivery

| 100 followed through delivery

]

| 4 no results for placental histopathology

A 4

_.| 2 no results for placental histopathology
A4

100 followed through delivery |

‘ 96 included in analyses of primary outcome ‘ ‘ 98 included in analyses of primary outcome

Figure 1.

Trial profile. Abbreviations: DP, dihydroartemisinin-piperaquine; HIV, human immunodeficiency virus; TMP-SMX, trimethoprim-sulfamethoxazole.

Table 1. Baseline Characteristics of Study Participants

Treatment Arm

Daily TMP-SMX Daily TMP-SMX +
Characteristic (n = 100) Monthly DP (n = 100)
Age, y, mean + SD 30.3+5.8 29.8+6.8
Gestational age
Overall, wk, mean + SD 19.2 £4.1 199+45
12-16 wk 28 (28) 25 (25)
>16-20 wk 30 (30) 26 (26)
>20-24 wk 29 (29) 27 (27)
>24-28 wk 13 (13) 22 (22)
Gravidity
1 pregnancy 5 (5) 13 (13)
2 pregnancy 13 (13) 12 (12)
>3 pregnancies 82 (82) 75 (75)
ITN ownership 57 (57) 57 (57)
Household wealth index
Lowest tertile 33 (33) 34 (34)
Middle tertile 30 (30) 36 (36)
Highest tertile 37 (37) 30 (30)
Receiving TMP-SMX 90 (90) 91 (91)
prophylaxis
Receiving ART 82 (82) 79 (79)
CD4* T-cell count, cells/ 500 (392-622) 516 (368-660)
mm?, median (IQR)?
HIV load below limit of 51 (51) 60 (60)
detection
WHO HIV disease stage
1 93 (93) 97 (97)
2 4 (4) 1(1)
3 3(3) 2(2)
Detection of malaria 11 (11) 6 (6)

parasites by LAMP

Data are no. (%) of study participants, unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; DF, dihydroartemisinin-piperaquine; HIV, human
immunodeficiency virus; IQR, interquartile range; ITN, insecticide-treated net; LAMP
loop-mediated isothermal amplification; TMP-SMX, trimethoprim-sulfamethoxazole; WHO,
World Health Organization.

aData are missing for 8 study participants.

and primigravidae (33.3%; P < .001). Detection of malaria par-
asites by microscopy or LAMP in placental and maternal blood
was uncommon, with no significant differences between the
treatment arms (Table 2). No parasites were detected in cord
blood. A total of 47 adverse birth outcomes occurred in 35
women. Low birth weight was the most common adverse birth
outcome (n = 22), followed by preterm delivery (n = 16), con-
genital anomaly (n = 5), spontaneous abortion (n = 3), and still-
birth (n = 1). There were no significant differences between the
2 treatment arms for individual adverse birth outcomes and a
composite adverse birth outcome (Table 2).

Following the initiation of treatment with study drugs, there
was only 1 episode of symptomatic malaria, which occurred
in the TMP-SMX arm (Table 3). The parasite prevalence was
higher in the TMP-SMX arm (3.1%) as compared to the TMP-
SMX plus monthly DP arm (1.4%), but the difference was not
statistically significant (RR, 0.45; 95% CI, .13-1.48; P = .19).
Maternal anemia was similar between the TMP-SMX (31.6%)
and TMP-SMX plus monthly DP (26.7%) arms (RR, 0.90; 95%
CI, .61-1.35; P = .62; Table 3).

Tolerability and Safety Outcomes

Vomiting occurred in <0.2% of women after administration of
study drugs, with no differences between study arms (Table 4).
There were no significant differences in the incidence of adverse
events of any severity or grade 3-4 adverse events. There were
26 grade 3-4 adverse events and 10 serious adverse events, none
of which were thought to be related to study drugs (Table 4). No
clinical adverse events consistent with cardiotoxicity occurred
during the course of the study. Among 55 women (27 in the
TMP-SMX arm and 28 in the TMP-SMX plus monthly DP arm)
who underwent electrocardiography at gestational week 28, all
predosing and postdosing corrected QT intervals were within
normal limits (<450 msec). The mean change in corrected QT
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Table 2. Outcomes Assessed at the Time of Delivery

Treatment Arm, Prevalence, Proportion (%)

Outcomes Daily TMP-SMX? Daily TMP-SMX + Monthly DP RR (95% CI) P
Malarial infection positivity, by test
Histopathologic analysis 3/96 (3.1) 6/98 (6.1) 1.96 (.60-761) .50
Microscopy of placental blood 0/95 (0) 1/98 (1.0) NA 1.0
LAMP analysis of placental blood 1/96 (1.0) 3/98 (3.1) 2.94 (.31-27.8) .62
Microscopy of maternal blood 0/98 (0) 1/99 (1.0) NA 1.0
LAMP analysis of maternal blood 2/98 (2.0) 4/100 (4.0) 1.96 (.37-10.5) .68
Microscopy of cord blood 0/94 (0) 0/97 (0) NA NA
LAMP analysis of cord blood 0/94 (0) 0/96 (0) NA NA
Birth outcome
Spontaneous abortion 1/100 (1.0) 2/100 (2.0) 2.00 (.18-21.7) 1.0
Stillbirth? 0/99 (0) 1/98 (1.0) NA .50
Low birth weight® 11/99 (11.1) 11/98 (11.2) 1.01 (.46-2.22) .98
Preterm delivery® 6/99 (6.1) 10/98 (10.2) 1.68 (.64-4.54) .29
Congenital anomaly®© 1/98 (1.0) 4/97 (4.1) 4.04 (.46-35.5) 21
Composite birth outcome 15/100 (15.0) 20/100 (20.0) 1.33(.72-2.45) .35

Abbreviations: Cl, confidence interval; DP dihydroartemisinin-piperaquine; LAMP loop-mediated isothermal amplification; NA, not applicable; RR, relative risk; TMP-SMX,

trimethoprim-sulfamethoxazole.
2Reference group.
bData are limited to those with a gestational age of >28 weeks.

Polydactyly (n = 2), cleft palate, eye ptosis, and umbilical hernia.

intervals was greater in the TMP-SMX plus monthly DP arm,
compared with the TMP-SMX arm (15 msec vs 0 msec [P = .02]
by use of Fridericia’s formula and 16 msec vs 3 msec [P = .02] by
use of Bazett’s formula).

DISCUSSION

In this double-blinded, randomized, placebo-controlled trial,
adding monthly DP to daily TMP-SMX did not reduce the risk

100 ~
Q
(&)
o
g 801
S R
o S 60
o =
o2
23
2= 40-
T
o O
S 20
@
I
O' T Tl—r
1 2 >3

Gravidity, no. of pregnancies

Figure 2. Risk of any placental malarial infection detection by histopathologic
analysis among study participants, stratified by gravidity. Black bars denote the arm
that received trimethoprim-sulfamethoxazole (TMP-SMX) daily. Gray bars denote
the arm that received TMP-SMX daily and dihydroartemisinin-piperaquine monthly.
Error bars indicate upper limits of 95% confidence intervals.

of placental malarial infection or maternal malaria or improve
birth outcomes among HIV-infected pregnant women taking
ART in the setting of long-lasting ITNs and IRS. Overall, the
burden of malaria was relatively low, compared with that in pre-
vious studies of HIV-infected and uninfected pregnant women
conducted in the same study area prior to the implementation
of IRS [12, 17]. Indeed, in this study, only 2 of 196 women had
evidence of active infection by placental histopathologic analy-
sis. Both regimens were well tolerated, and there were no statis-
tically significant differences in the rates of the adverse events
between the 2 arms.

DP has been shown to be highly effective for the treatment
of malaria in pregnant and nonpregnant populations [19, 20]
and for the prevention of malaria in children and nonpregnant
adults [21, 22]. Two recent randomized, controlled trials have
shown IPTp with DP to be more effective than SP at reducing
the burden of malaria in HIV-uninfected pregnant women.
In a preceding study by our group in Tororo, HIV-uninfected
pregnant women were randomly assigned to receive IPTp with
3 doses of SP, 3 doses of DP, or monthly DP [12]. Compared
with the 3-dose SP arm, monthly DP was associated with a sig-
nificant reduction in the risk of symptomatic malaria, infection
with malaria parasites, and maternal anemia during pregnancy
and the risk of placental malarial infection measured at delivery.
In addition, compared with the 3-dose DP arm, the monthly
DP arm was associated with a significant reduction in the risk
of symptomatic malaria and infection with malaria parasites
during pregnancy, with a trend toward a lower risk of mater-
nal anemia during pregnancy and placental malarial infection
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Table 3. Longitudinal Outcomes Assessed During Pregnancy

Table 4. Measures of Tolerability and Safety

Treatment Arm

Daily Daily TMP-SMX +

Outcome TMP-SMX?@ Monthly DP Value P

Treatment Arm

Daily TMP-SMX

Outcome Daily TMP-SMX + Monthly DP P

Incidence measure® Events, No. (Incidence®) IRR (95% ClI)
1(0.03) 0(0) NA .99

RR (95% Cl)

Symptomatic malaria

Prevalence measure? Prevalence, Proportion (%)

Detection of malaria  12/392 (3.1) 5/368 (1.4) 0.45(.13-1.48) .19
parasites by LAMP
Anemia (hemoglobin  65/206 (31.6) 51/191 (26.7) 0.90 (.61-1.35) .62

level, <11 g/dL)

Abbreviations: Cl, confidence interval; DP dihydroartemisinin-piperaquine; IRR, incidence
rate ratio; LAMPE loop-mediated isothermal amplification; NA, not applicable; RR, relative
risk; TMP-SMX, trimethoprim-sulfamethoxazole.

aReference group.
bFollowing administration of the first dose of study drugs.
°Number per person-year at risk.

dRepeated measures assessed at the time of routine visits following administration of the
first dose of study drugs.

measured at delivery. In a study from Kenya, IPTp with DP was
associated with a lower incidence of malarial infection and clin-
ical malaria during pregnancy and a lower prevalence of malar-
ial infection at delivery, compared with SP [11].

Given the excellent efficacy of DP and high prevalence
of molecular markers of antifolate resistance in East Africa
[23-25], it was unexpected that adding monthly DP to daily
TMP-SMX did not reduce the burden of malaria in our study
population. However, there were several factors that likely con-
tributed to our negative findings. First, the burden of malaria in
the daily TMP-SMX arm was strikingly low. In a previous study
conducted in the same study area from December 2009 to March
2013 prior to the implementation of IRS, the risk of histopatho-
logic detection of placental malarial infection among pregnant
women receiving TMP-SMX prophylaxis and EFV-based ART
was 33.3% as compared to 3.1% in this study [17]. The low bur-
den of malaria in both arms of this study was likely a direct
consequence of the recent IRS program, as demonstrated in our
studies of malaria among children and HIV-uninfected preg-
nant women in the same study area [12, 26]. It is also likely that
the high proportion of multigravidae in our study population
contributed to the low incidence of placental malarial infection.
Prior to the widespread use of ART, several studies showed that
the proportion of cases of placental malarial infection attribut-
able to HIV coinfection increases with parity, consistent with
the impairment of parity-specific immunity due to HIV [3, 4].
Results from our study suggest that, among women who have
well-controlled HIV infection and are receiving ART, loss of
parity-specific immunity against placental malarial infection
may be prevented. Furthermore, pharmacokinetic factors may
have contributed to the lack of benefit of adding DP. In a com-
plementary intensive pharmacokinetic study, including a subset
of women from this study and HIV-uninfected nonpregnant

controls, concentrations of dihydroartemisinin were 61% lower

Prevalence measure Prevalence, Proportion (%)
Vomiting of study drugs
0/482 (0)

0/944 (0)

1/468 (0.2) .49
2/915(0.2) .24

After administration of dose 1 in clinic

After administration of dose 2 or 3

at home
Incidence measure Events, No. (Incidence?)

Individual adverse events of any severity®

Abdominal pain 85 (1.85) 74 (1.69) .57
Cough 69 (1.50) 55 (1.25) .34
Headache 39 (0.85) 43(0.98) .51
Anemia 42 (0.91) 40 (0.91) .99
Malaise 27 (0.59) 24 (0.55) .80
Diarrhea 17 (0.37) 14 (0.32) .76
Chills 11 (0.24) 11 (0.25) .91
Thrombocytopenia 11 (0.24) 11(0.25) .91
Vomiting 7 (0.15) 7(0.16) .94
Anorexia 6(0.13) 4(0.09) .58
Individual grade 3-4 adverse events
Anemia 10 (0.22) 7(0.16) .44
Congenital anomaly 1(0.02) 4(0.09) .22

Stillbirth 01(0) 1(0.02) .99
Respiratory distress 1(0.02) 0(0) .99
Altered mental status 0(0) 1(0.02) .99
Elevated ALT level 0(0) 1(0.02) .99
All grade 3-4 adverse events 12 (0.26) 14(0.32) .74
All serious adverse events 4 (0.09) 6(0.14) .65

Abbreviations: ALT, alanine aminotransferase; DRE dihydroartemisinin-piperaquine; TMP-
SMX, trimethoprim-sulfamethoxazole.

aNumber per person-year at risk.

bData are limited to categories with >10 total events

and piperaquine levels were 62% lower in HIV-infected preg-
nant women receiving EFV-based ART, compared with HIV-
uninfected nonpregnant women (unpublished data).

An additional consideration is that daily TMP-SMX pro-
phylaxis may provide a greater level of protection as compared
to intermittent use of other antifolate drugs, such SP, even in
the setting of high prevalence of markers of resistance. In ran-
domized, controlled trials of chemoprevention among HIV-
unexposed and -exposed infants from the same study site,
monthly SP provided no significant protection from malaria,
while daily TMP-SMX provided moderate protection [21, 27].
Studies of daily TMP-SMX versus IPTp with SP among HIV-
infected pregnant women have provided mixed results. In an
observational study from Malawi, daily TMP-SMX was asso-
ciated with reduced malaria parasitemia and anemia as com-
pared to IPTp with SP [28]. In a randomized, controlled trial
from West Africa, where the prevalence of molecular markers of
antifolate resistance tend to be lower than in East and Southern
Africa, daily TMP-SMX was found to be noninferior to IPTp
with SP [29].
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Despite the lack of improvement in efficacy by adding
monthly DP to daily TMP-SMX prophylaxis, there was no evi-
dence of any increase in toxicity. The risk of vomiting of study
drugs was similarly low in both treatment arms, and there were
no significant differences in the rates of adverse events. Of
particular concern was the risk of corrected QT prolongation,
which was reported in a recent study among healthy Cambodian
volunteers administered a compressed 2-day dosing regimen of
DP [30]. In a subset of women who underwent electrocardiog-
raphy in our study, DP was associated with a 15-msec increase
in the corrected QT interval, but all measurements were within
normal limits, and no clinical adverse events consistent with
cardiotoxicity were observed.

In summary, the burden of malaria was relatively low among
our population of HIV-infected pregnant women in the setting
of daily TMP-SMX prophylaxis, EFV-based ART, ITNs, and
IRS. The addition of IPTp with monthly DP appeared to be safe
and well tolerated but did not provide any additional protection
against malaria. Future studies of IPTp with DP among HIV-
infected pregnant women should be considered in areas where
the burden of malaria is higher.
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