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M A J O R A R T I C L E

Lopinavir/Ritonavir-Based Antiretroviral
Treatment (ART) Versus Efavirenz-Based
ART for the Prevention of Malaria Among
HIV-Infected Pregnant Women

Paul Natureeba,1 Veronica Ades,5 Flavia Luwedde,1 Julia Mwesigwa,1 Albert Plenty,6 Pius Okong,2 Edwin D. Charlebois,6

Tamara D. Clark,6 Bridget Nzarubara,1 Diane V. Havlir,6 Jane Achan,3 Moses R. Kamya,4 Deborah Cohan,7 and
Grant Dorsey6

1Infectious Diseases Research Collaboration, 2Ugandan Ministry of Health, 3Department of Pediatrics, and 4Department of Medicine, Makerere University
College of Health Sciences, Kampala, Uganda; 5Department of Obstetrics and Gynecology, New York University, New York City; 6Department of Medicine,
and 7Department of Obstetrics and Gynecology, University of California–San Francisco

Background. Human immunodeficiency virus (HIV)–infected pregnant women are at increased risk of malaria
and its complications. In vitro and in vivo data suggest that the HIV protease inhibitors lopinavir/ritonavir may have
potent antimalarial activity. We sought to evaluate whether lopinavir/ritonavir-based antiretroviral therapy (ART)
reduced the risk of placental malaria.

Methods. HIV-infected, ART-naive pregnant women were enrolled between gestational weeks 12 and
28 and randomly assigned to receive lopinavir/ritonavir-based or efavirenz-based ART. Women received daily
trimethoprim-sulfamethoxazole prophylaxis and insecticide-treated bed nets at enrollment and were followed up
to 1 year after delivery. The primary outcome was placental malaria, defined by the detection of malaria parasites,
using microscopy or polymerase chain reaction (PCR) analysis of placental blood specimens. Secondary outcomes
included placental malaria, defined by histopathologic results; adverse birth outcomes; incidence of malaria; and
prevalence of asymptomatic parasitemia. Analyses were done using an intention-to-treat approach.

Results. Of 389 subjects randomly assigned to a treatment group, 377 were followed through to delivery. There
was no significant difference in the risk of placental malaria, as defined by thick smear or PCR findings, between the
lopinavir/ritonavir-based and efavirenz-based ART arms (7.4% vs 9.8%; P = .45). Similarly, there were no differences
in secondary outcomes between the 2 treatment arms.

Conclusions. Lopinavir/ritonavir-based ART did not reduce the risk of placental or maternal malaria or improve
birth outcomes, compared with efavirenz-based ART.

Clinical Trials Registration. NCT00993031.

Keywords. HIV; malaria; pregnancy; lopinavir/ritonavir; efavirenz.

Malaria in pregnancy is associated with adverse mater-
nal and neonatal outcomes, such as spontaneous

abortions, stillbirth, intrauterine growth restriction,
preterm delivery, low birth weight (LBW), maternal
anemia, and neonatal death [1]. Human immunodefi-
ciency virus (HIV)–infected pregnant women have an
increased risk of parasitemia, clinical malaria, and pla-
cental malaria, compared with HIV-uninfected preg-
nant women [2]. In addition, coinfection with HIV
and placental malaria parasites is associated with an in-
creased risk of low birth weight and preterm delivery,
compared with either infection alone [2]. The attribut-
able risk for placental malaria due to HIV infection is
more pronounced with higher parity, a phenomenon
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supported by laboratory studies indicating that HIV impairs
parity-specific immunity [3, 4]. Current strategies for the pre-
vention of malaria during pregnancy include the use of insecti-
cide-treated bed nets (ITNs) and intermittent preventive
treatment (IPTp) with sulfadoxine-pyrimethamine (SP). For
HIV-infected pregnant women receiving daily trimethoprim-
sulfamethoxazole (TMP-SMX) prophylaxis, the World Health
Organization (WHO) recommends avoiding the use of IPTp
with SP because of the risk of adverse drug reactions [5]. How-
ever, the spread of resistance to the pyrethroid class of insecti-
cides used in ITNs and to the antifolate class of drugs used for
ITPp and prophylaxis suggest the need for novel strategies for
the prevention of malaria among HIV-infected and uninfected
pregnant women [6, 7].

Combination antiretroviral therapy (ART) is now recom-
mended for all HIV-infected pregnant and breast-feeding
women per 2013 WHO consolidated guidelines [8]. In addition
to benefits in improving women’s health and reducing the risk
of HIV transmission, the protease inhibitor class of antiretrovi-
ral agents may also provide protection against malaria. HIV
protease inhibitors demonstrate in vitro activity against Plasmo-
dium falciparum [9–11], and it is thought that this occurs
through inhibition of plasmepsins, although the exact mecha-
nism remains unclear [12]. Lopinavir is the most potent of
these inhibitors and is active in vitro at levels commonly
achieved with ritonavir boosting [10, 11]. In a recent random-
ized controlled trial of HIV-infected Ugandan children, cofor-
mulated lopinavir/ritonavir (LPV/r)–based ART was associated
with a 41% reduction in the incidence of malaria, compared
with nonnucleoside reverse-transcriptase inhibitor (NNRTI)–
based ART, with the lower incidence attributable largely to a
significant reduction in the recurrence of malaria after treat-
ment with artemether-lumefantrine (AL) [13]. The efficacy of
HIV protease inhibitors for the prevention of malaria and its
complications among pregnant women has not been previously
evaluated in clinical trials.

To test the hypothesis that HIV protease inhibitors are pro-
tective against malaria, HIV-infected, ART-naive pregnant
women living in an area of Uganda where malaria is highly en-
demic were randomly assigned to receive LPV/r-based or efavir-
enz (EFV)–based ART and followed up to 1 year after delivery.
Outcomes of interest included measures of placental malaria,
adverse birth outcomes, incidence of malaria, and prevalence
of asymptomatic parasitemia.

METHODS

Study Site and Participants
The study was conducted from December 2009 to March 2013
in Tororo, Uganda, an area of high-intensity malaria transmis-
sion [14]. Women were recruited from the Tororo District Hos-
pital (TDH) antenatal clinic, The AIDS Support Organization

(TASO), and other health centers in the district. Eligible
women were ≥16 years of age, infected with HIV-1 confirmed
by two assays, lived within 30 km of the study site, and had a
pregnancy between 12–28 weeks gestation by last menstrual pe-
riod with confirmation by ultrasound. Women were eligible for
enrollment at any CD4 cell count. Women were excluded if they
had ever received highly active combination ART or single dose
nevirapine or other abbreviated monotherapy or dual therapy in
the last 24 months. Women were also excluded if they had prior
dose-limited toxicity to TMP-SMX within 14 days, active tuber-
culosis or other WHO stage 4 diseases, cardiac disease, or ab-
normal screening laboratory values including, hemoglobin
<7.5 g/dL, absolute neutrophil count <750/mm3, platelet
count <50 000/mm3, ALT >225 U/L, AST >225 U/L, total bilir-
ubin ≥2.5 times the upper limit of normal, and creatinine ≥1.8
times the upper limit of normal.

All participants provided written informed consent in their
preferred language. The study protocol was approved by the
Makerere University School of Medicine Research and Ethics
Committee, the Uganda National Council for Science and Tech-
nology, and the University of California–San Francisco Com-
mittee on Human Research.

Study Design
This was an open-label, single-site, randomized controlled
trial of LPV/r-based ART versus EFV-based ART among
HIV-infected, ART-naive pregnant Ugandan women. Parti-
cipants were randomized in a 1:1 ratio after stratification by
gravidity (gravida 1 vs gravida ≥2) and gestational age at enroll-
ment (<24 weeks vs ≥24 weeks). Randomization was performed
in permuted blocks of 2 or 4. The dosing of study drugs was as
follows: EFV 600 mg once daily; or LPV/r (Aluvia; AbbVie
Pharmaceuticals, North Chicago, IL) 200 mg/50 mg, 2 tablets
twice daily, with an increase to 3 tablets twice daily from gesta-
tion week 30 until delivery, after which 2 tablets were adminis-
tered twice daily. Women in both arms received lamivudine/
zidovudine 150 mg/300 mg twice daily. Tenofovir was used in
cases of zidovudine intolerance.

Study Procedures
At enrollment, all women had their medical history recorded,
underwent physical examination (including assessment of ges-
tational age, calculated by last menstrual period and ultrasono-
graphic biometry), and underwent baseline laboratory studies.
All women received daily TMP-SMX prophylaxis (160 mg/
800 mg), a long-lasting ITN, and a basic care package that in-
cluded multivitamins and condoms. Throughout the study,
women received standard antenatal care that accorded with
Uganda Ministry of Health guidelines [15]. Women returned
to the study clinic every 4 weeks for scheduled visits, including
collection of blood specimens for routine blood smears, as well
as for any health conditions requiring evaluation. Transportation
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costs were reimbursed for all clinic visits. Women who presented
with a documented fever (tympanic temperature, ≥38.0°C) or
history of fever in the previous 24 hours had a blood specimen
obtained by finger prick for a thick blood smear. If the smear
was positive for malaria parasites, malaria was diagnosed.
Episodes of uncomplicated malaria were treated with AL, and
complicated malaria was treated with quinine in accordance
with Ugandan guidelines.

Women were encouraged to deliver at TDH. Women deliver-
ing at home were visited by study staff at the time of delivery or
as soon as possible afterward. At delivery, a standardized assess-
ment was completed, including assessment of gestational age
and of birth weight, using an electronic scale. Following deliv-
ery, participants continued to receive ART and were followed
up to 52 weeks after delivery or until study completion, in
March 2013.

Laboratory Procedures
Thick and thin blood smears were stained with 2% Giemsa and
read in duplicate by experienced microscopists who were blind-
ed to study arm and to each other’s readings. A smear was con-
sidered negative if no parasites were seen after review of 100
high-powered fields. Discrepant readings were settled by a
third microscopist. Clinical laboratory tests, including complete
blood count, determination of CD4+/CD8+ T-lymphocyte sub-
sets, and measurement of HIV-1 RNA load by polymerase
chain reaction (Cobas Amplicor, version 1.5, Roche Molecular
Diagnostics, Pleasanton, CA) were performed at enrollment and
during the follow-up period.

Placental specimens were collected within 30 minutes of de-
livery in the hospital (or as early as possible, if delivery occurred
at home) and included placental blood from an incision on the
maternal surface and placental tissue. Placental blood was tested
for malaria parasites, using a thick blood smear in accordance
with the procedures described above, a rapid diagnostic test
(RDT; Paracheck-Pf, Orchid, Goa, India) performed immedi-
ately after placental blood was collected, and PCR of dried
blood spots. For PCR, aliquots of approximately 25 µL of pla-
cental blood were placed on filter paper, air dried, and stored
in individual bags with desiccant. DNA was extracted from
dried blood spots by use of Chelex and was amplified using a
nested PCR reaction as previously described [16]. PCR reactions
were performed at the University of California–San Francisco
by experienced staff and included appropriate controls and
quality assurance. For histopathologic analysis, a 2 × 2 full-
thickness biopsy specimen was placed in 10% fresh buffered
formalin, using a 1:10 ratio of tissue to formalin. After
24 hours in formalin, placental tissue was trimmed into a
1 × 1-cm block of tissue and placed into a fresh jar of 10%
buffered formalin (1:10 ratio) and stored out of direct sun-
light. Tissue specimens were fixed with ethanol and xylene,
embedded in paraffin wax, sectioned into slides, and stained

with hematoxylin-eosin and Giemsa. Slides for histopatholog-
ic analysis were read by a trained investigator (V. A.) and in-
cluded examination for malaria parasites and hemozoin
pigment in intervillous fibrin and macrophages, using stan-
dardized criteria as previously described [17]. Quality control
of histopathologic findings was performed on a random sam-
ple of 25% of positive slides and 10% of negative slides
by an experienced pathologist (Atis Muehlenbachs, Centers
for Disease Control and Prevention).

Study End Points
The primary end point for this study was placental malaria, de-
fined as the detection of P. falciparum in a thick blood smear or
by PCR of placental blood. Secondary outcomes included (1)
prevalence of placental malaria, as determined by RDT or his-
topathologic analysis; (2) adverse birth outcomes, including
stillbirth (intrauterine fetal demise ≥20 weeks of gestation) or
spontaneous abortion (miscarriage <20 weeks of gestation),
preterm delivery (<37 weeks of gestation), low birth weight
(<2500 g), neonatal death within 28 days of delivery, or a com-
posite outcome, defined as any of the adverse birth outcomes
listed above; and (3) measures of maternal malaria, including
the incidence of symptomatic malaria and the prevalence of
asymptomatic parasitemia at the time routine blood smears
were performed, stratified by the periods during and after preg-
nancy. For women giving birth to twins, outcomes were classi-
fied according to whether either infant met criteria for the
outcome of interest. HIV-related outcomes, including maternal
and infant safety profile, as well as virologic and immunologic
responses, are presented in a separate report [18].

Statistical Analysis
To test the hypothesis that use of LPV/r-based ART will reduce
the prevalence of placental malaria, as defined by positive find-
ings of a placental blood smear or PCR, we assumed a prevalence
of 20% in the EFV-based ART arm, based on previous data from
the study site [19]. We then calculated that a sample size of 500
was needed to show a 48.5% reduction in prevalence of placental
malaria in the LPV/r-based arm (2-sided significance level, 0.05;
power, 80%), assuming that 15% of women enrolled would not
have evaluable results at delivery. Because of the slower than an-
ticipated study accrual, 389 women were enrolled.

Data were double entered in Access (Microsoft, Redmond,
WA), and analyses were performed using Stata, version 12
(StataCorp, College Station, TX). All analyses were done using
an intention-to-treat approach. Comparisons of baseline
characteristics and birth outcomes were made using a t test
for continuous variables and a χ2 test for categorical variable.
Comparisons of malaria incidence between study arms were
made using a negative binomial regression model. Comparison
of the risk of recurrent malaria with 42 days of treatment with
AL was made using a Cox proportional hazard model. with
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adjustment for repeat observations in the same study partici-
pant. Comparison of the prevalence of asymptomatic parasite-
mia at the time routine blood smears were performed was made
using generalized estimating equations, with adjustment for re-
peated measures in the same patient by using exchangeable cor-
relation and robust standard errors. A P value of <.05 was
considered statistically significant.

RESULTS

Study Participants and Follow-up
Of 593 women screened, 391 study participants were enrolled
and randomly assigned to one of the ART groups (Figure 1).
The majority of exclusions were due to gestational age outside
the study range and prior ART exposure. After enrollment, 2

Figure 1. Flow of participants through the study. Abbreviations: ART, antiretroviral therapy; EFV, efavirenz; HIV, human immunodeficiency virus; LPV/r,
lopinavir/ritonavir; TMP-SMX, trimethoprim-sulfamethoxazole.
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women were found to be ineligible, resulting in 389 eligible par-
ticipants; 195 were assigned to receive EFV-based ART, and
194 were assigned to receive LPV/r-based ART. Baseline char-
acteristics were similar between the 2 treatment arms (Table 1).
The majority of study participants (82.2%) were multigravida
(≥2 prior pregnancies). Prior to enrollment, 37.8% and 64.0%
of women reported owning an ITN and were receiving TMP-
SMX prophylaxis, respectively. The women enrolled in the
study had a preserved immune status, with a median CD4+

T-cell count at randomization of 374 cells/mm3 (interquartile
range [IQR], 270–485 cells/mm3) in the EFV arm and 368
cells/mm3 (IQR, 282–506 cells/mm3) in the LPV/r arm. A
total of 93% of women in the EFV arm and 97% of women in
the LPV/r arm had WHO stage 1 HIV disease. Women in both
arms had high levels of viral suppression (89% and 87% for the
EFV and LPV/r arms, respectively) 8 weeks after starting ART.

Twelve subjects withdrew from the study prior to delivery, re-
sulting in 377 women (96.9%) followed through birth, which
including 10 sets of twins, 5 of which had 2 placentas. A total

of 285 women (75.6%) gave birth at TDH, 74 (19.6%) gave birth
at home, and 18 (4.8%) gave birth at another health facility.
Missing data at the time of delivery included birth weight
(n = 18), placental blood smear findings (n = 61), placental
RDT results (n = 65), placental PCR results (n = 75), and pla-
cental histopathologic findings (n = 50). Of 327 women with
placentas collected, 45 (13.8%) gave birth at home. An addition-
al 29 women (7.7% of those who gave birth) were withdrawn
after delivery, 246 (65.3%) were followed to year 1 after delivery,
and 102 (27.1%) were followed for <1 year after delivery, up to
March 2013, when the study ended (Figure 1). ART adherence
based on self-reported recall was 97% in the EFV arm and 99%
in the LPV/r arm. TMP-SMX adherence was reported as 98% in
the EFV arm and 99% in the LPV/r arm.

Measures of Placental Malaria
Four methods were used to diagnose placental malaria. Consid-
ering the 285 outcomes with results for all 4 methods, the prev-
alence of placental malaria was 3.5%, using placental blood
smear findings; 4.6%, using placental blood RDT results;
8.4%, using placental blood PCR results; and 33.0%, using
any histopathologic evidence of placental malaria. All samples
that were positive by placental blood smear were also positive by
the other 3 methods. The much higher sensitivity of histopath-
ologic analysis could be explained by the fact that 77.1% of sam-
ples positive by histopathologic analysis were based on the
presence of malaria pigment without asexual parasites, an indi-
cation of past infection. The prevalence of placental malaria de-
termined on the basis of blood smear, RDT, and PCR findings
was similar between the 2 ART arms (Table 2). There was a
trend toward an increased risk of placental malaria in the
LPV/r-based ART arm, based on any histopathologic evidence,
but this difference did not reach statistical significance (38.3% vs
28.5%; relative risk, 1.34 [95% confidence interval, .98–1.83];
P = .06; Table 2).

Birth Outcomes
Among 377 pregnancies followed through delivery, 1 resulted in
a spontaneous abortion at 17 weeks of gestation, 11 resulted in
stillbirth between 22 and 37 weeks of gestation, and 12 resulted
in neonatal death within 28 days of delivery. Overall, the prev-
alence of preterm delivery and low birth weight were 19.4% and
20.1%, respectively. Among 10 sets of twins (4 in the EFV arm
and 6 in the LPV/r arm), 8 sets had preterm delivery, and 17 of
20 neonates in these sets had low birth weight. There were no
significant differences in the risk of any of the individual ad-
verse birth outcomes or a composite adverse birth outcome
between the 2 ART arms (Table 2).

Maternal Malaria Outcomes
A total of 68 episodes of symptomatic malaria in 51 different
women were diagnosed, of which 67 were uncomplicated

Table 1. Baselines Characteristics of Pregnant Study Participants
Who Were Randomly Assigned to Receive Efavirenz (EFV)–Based
Antiretroviral Therapy (ART) or Lopinavir/Ritonavir (LPV/r)–Based
ART

Characteristic

Treatment Arm

P Value
EFV-Based

ART (n = 195)
LPV/r-Based
ART (n = 194)

Age, y 29.5 ± 5.4 29.0 ± 5.4 .31
Gestational age, wk 21.1 ± 4.1 21.2 ± 4.3 .91

Previous pregnancies

0 16 (8.2) 8 (4.1) .20
1 20 (10.3) 25 (12.9)

≥2 159 (81.5) 161 (83.0)

Bed net ownership
None 85 (43.6) 85 (44.3) .84

Untreated 28 (14.4) 33 (17.2)

ITN 77 (39.5) 70 (36.4)
Yes; unknown
treatment status

5 (2.5) 4 (2.1)

Receiving TMP-SMX
prophylaxis

125 (64.1) 124 (63.9) .97

Hemoglobin level, g/dL 10.9 ± 1.3 11.0 ± 1.2 .82

CD4+ T-cell count,
cells/mm3

374 (270–485) 368 (282–506) .31

HIV RNA load, log10
copies/mL

4.3 (3.5–4.8) 4.1 (3.3–4.7) .35

WHO stage HIV disease
1 181 (92.8) 189 (97.4) .09

2 13 (6.7) 5 (2.6)

3 1 (0.5) 0

Data are no. (%) of participants, mean ± SD, or median (interquartile range).

Abbreviations: HIV, human immunodeficiency virus; TMP-SMX, trimethoprim-
sulfamethoxazole; WHO, World Health Organization.
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(treated with AL) and 1 was complicated (treated with quinine).
The incidence of malaria was 0.27 episodes/person-year at risk
during pregnancy and 0.10 episodes/person-year at risk after
delivery. There were no differences in the incidence of malaria
between the 2 ART arms both during and after pregnancy
(Table 3). Considering all episodes of malaria treated with
AL, there were no differences in the risk of recurrent malaria
within 42 days between the LPV/r-based and EFV-based ART
arms (8.1% vs 10.3%; P = .74). Considering routine blood
smears performed at monthly intervals, the prevalence of
asymptomatic parasitemia was 2.3% and did not differ between
the periods during pregnancy and after delivery (Table 3). There
were no significant differences in the risk of asymptomatic para-
sitemia between the 2 ART arms both during and after pregnancy
(Table 3).

DISCUSSION

WHO guidelines now recommend combination ART for all
pregnant and breast-feeding women, with EFV-based ART as
a first-line regimen and LPV/r-based ART as an alternative reg-
imen [8]. In this study, pregnant women were randomly as-
signed to receive LPV/r-based or EFV-based ART to test the
hypothesis that a protease inhibitor–based ART regimen
would be associated with a lower risk of malaria. We found
there was no difference between the 2 ART regimens in the
risk of placental malaria, the incidence of malaria, the preva-
lence of asymptomatic parasitemia, and the risk of adverse
birth outcomes.

The rationale behind this study was evidence from laboratory
studies showing that HIV protease inhibitors have moderate

activity against P. falciparum in vitro [9–11] and against rodent
malaria parasites in vivo [20]. In addition, HIV protease inhib-
itors have been shown to impair CD36-mediated cytoadherence
and nonopsonic phagocytosis of parasitized erythrocytes by
human macrophages in vitro [21]. Despite these encouraging
laboratory findings, there are no data that HIV protease inhib-
itors can directly provide clinically relevant protection against
malaria in human populations. In a retrospective study
among 444 HIV-infected women randomly assigned to receive
LPV/r-based or NNRTI-based ART, the protease inhibitor–
containing regimen was not associated with protection against
malaria [22]. These data come from 6 sites in Africa and relied
on laboratory-confirmed malaria parasite infection, based on
blood smear results, RDT results, or histidine-rich protein 2
antigenemia, using stored specimens. Limitations of this study
included a semi-immune population of adults at relatively low
risk for malaria; a high rate of TMP-SMX prophylaxis, which
has been shown to provide protection against malaria [23];
and a lower than expected incidence of malaria, resulting in
the possibility that the study was underpowered and only able
to detect a relatively large difference between the arms.

In contrast, in a recent randomized controlled trial of young
HIV-infected Ugandan children conducted at the same study
site as this report, LPV/r-based ART was associated with a
41% reduction in the incidence of malaria, compared with
NNRTI-based ART [13]. Interestingly, in this study the primary
benefit in the LPV/r-based ART arm was not protection against
a first episode of malaria prior to treatment with AL; rather, the
benefit involved a dramatic reduction in the risk of recurrent
malaria after treatment with AL, owing to increased lumefan-
trine levels that led to a prolonged posttreatment prophylactic

Table 2. Outcomes Assessed at the Time of Delivery Among Pregnant Study Participants Who Were Randomly Assigned to Receive
Efavirenz (EFV)–Based Antiretroviral Therapy (ART) or Lopinavir/Ritonavir (LPV/r)–Based ART

Outcome

Treatment Arm

RR (95% CI) P ValueEFV-based ART LPV/r-based ART

Malaria positivity, by test
Placental blood smear 6/158 (3.8) 5/158 (3.2) 0.83 (.26–2.67) .76

Placental blood RDT 7/155 (4.5) 6/157 (3.8) 0.85 (.29–2.46) .76

Placental blood PCR 15/153 (9.8) 11/149 (7.4) 0.75 (.36–1.59) .45
Histopathologic analysis 47/165 (28.5) 62/162 (38.3) 1.34 (.98–1.83) .06

Birth outcome

Spontaneous abortion or stillbirth 7/187 (3.7) 5/190 (2.6) 0.70 (.23–2.18) .54
Neonatal deatha 4/180 (2.2) 8/185 (4.3) 1.95 (.60–6.35) .26

Preterm delivery 34/187 (18.2) 39/190 (20.5) 1.13 (.75–1.71) .56

Low birth weight 33/178 (18.5) 39/181 (21.5) 1.16 (.77–1.76) .48
Composite adverse birth outcome 50/180 (27.8) 63/186 (33.9) 1.22 (.89–1.66) .21

Data are no. of participants with the outcome/no. evaluated (%).

Abbreviations: CI, confidence interval; PCR, polymerase chain reaction; RDT, rapid diagnostic test; RR, relative risk.
a Only including live births.
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effect. Increased lumefantrine exposure with concomitant LPV/r
therapy has been observed in healthy adults and is thought to be
the result of inhibition of cytochrome P450 3A4 metabolism by
ritonavir [24].

The key question in this study was why LPV/r failed to reduce
the risk of malaria in pregnant women after a similar study in
young children showed that LPV/r was associated with a signif-
icant reduction in the incidence of malaria. One explanation is
that symptomatic malaria requiring treatment with AL was rel-
atively uncommon in our population of semi-immune pregnant
women, resulting in few opportunities for pharmacologic en-
hancement of lumefantrine, as seen in children, among whom
the risk of recurrent malaria shortly after treatment was high
[13]. In addition, pharmacologic interactions between LPV/r
and lumefantrine may differ between pregnant women and
young children, as evidenced by a similar risk of recurrent ma-
laria following treatment with AL between the 2 ART arms in
this study. Indeed, pregnancy has been shown to induce metab-
olism of AL, possibly offsetting any protective effects that may
be provided from an interaction between LPV/r and lumefan-
trine [25, 26].

Strengths of this study include a randomized controlled study
design, a study site known to have high malaria transmission
intensity, excellent retention of the women in this study, and
the use of multiple outcome measures, including histopathologic
analysis, the most sensitive method for the diagnosis of placen-
tal malaria [27]. However, the use of formalin fixation can lead
to artifacts that mimic hemozoin pigment, resulting in misdiag-
nosis of past infection. Limitations of the study include failure
to achieve our targeted sample size, a higher proportion of miss-
ing laboratory data for our primary outcome than planned, and
a lower observed prevalence of our primary outcome in the con-
trol arm than predicted (10% vs 20%), all of which resulted in a
reduction in statistical power. In addition, caution should be
taken in generalizing the results of this study to other settings.
The lower than expected risk of placental malaria was likely
due to the high proportion of multigravida women enrolled
and to a better than expected protective efficacy of TMP-SMX
prophylaxis against placental malaria. It is interesting to note
the surprisingly low risk of placental malaria in this study, de-
spite the high prevalence (>90%) of the dhfr/dhps quintuple
mutant associated with antifolate resistance in our area [23].
In another study fromMalawi, daily TMP-SMX therapy was as-
sociated with a reduced risk of malaria parasitemia, compared
with ITPp with SP, among HIV-infected pregnant women,
despite a similar high prevalence of the dhfr/dhps quintuple
mutant [28].

New WHO guidelines recommending EFV-based combina-
tion ART for all HIV-infected and breast-feeding women offer
the potential of immense benefits in preservation of women’s
health and reducing transmission. The main conclusion
of this study is that LPV/r did not have sufficient directTa
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antimalarial activity to translate into a clinically meaningful
benefit that would support using it in place of EFV in regions
where malaria is highly endemic.
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