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Abstract

Background: Malaria infection poses a significant risk in pregnancy, yet chemoprophylaxis 

for pregnant women is limited. A systematic review was conducted to evaluate the incidence of 

adverse outcomes after atovaquone-proguanil (AP) exposure during pregnancy.

Methods: Following PRISMA guidelines, the authors searched PubMed, MEDLINE, and the 

Malaria in Pregnancy Consortium Library to identify relevant literature including infant outcomes 

after exposure to atovaquone, proguanil, or AP in pregnancy. Two authors independently screened 

the titles, abstracts, and full texts, and extracted data into an EpiInfo database. Overall proportions 

and 95% confidence intervals of adverse outcomes were determined by pooling data across 

studies.

Results: Of 455 records identified, 16 studies were included: ten AP studies and six proguanil 

studies. The overall proportions and 95% confidence intervals (CI) of adverse outcomes reported 

for the 446 women exposed to AP include miscarriage (8.08% CI: 5.07, 12.08%), stillbirth (1.05% 
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CI: 0.03, 5.73%), early neonatal death (0% CI: 0, 7.4%), and congenital anomalies (2.56% CI: 

1.28, 4.53%).

Conclusions: The limited available data suggest that outcomes following AP exposure during 

pregnancy are similar to expected rates in similar populations. AP may be a promising option for 

pregnant women, but further data are needed on its safety in pregnancy.
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1. Introduction

Pregnant women are at increased risk of complications after malaria infection [1]. Non-

immune pregnant travelers are particularly susceptible to adverse outcomes following 

malaria infection, and, if possible, are advised to avoid travel to malaria-endemic regions 

[2]. When travel cannot be avoided, women are encouraged to adhere to an effective 

chemoprophylaxis regimen [3].

Many of the antimalarials currently recommended for prophylaxis, such as doxycycline and 

primaquine, are contraindicated in pregnancy [4,5]. Currently, only two chemoprophylaxis 

options are recommended for use in pregnancy− chloroquine and mefloquine [6]. 

Widespread resistance among Plasmodium falciparum parasites to chloroquine has restricted 

its use to limited geographic areas; thus, mefloquine is often the only available option 

for chemoprophylaxis. In some areas of Southeast Asia there is resistance to mefloquine, 

leaving no available safe and effective option for pregnant women [3].

Atovaquone-proguanil (AP, Malarone®) is a drug combination that is recommended for 

effective malaria prophylaxis and treatment in non-pregnant travelers in regions with 

resistance to other anti-malarials [7]. Despite its efficacy, limited data on the safety of AP 

in pregnancy has prevented the drug from being recommended for use during pregnancy 

[3]. Although historically, proguanil has been used in other countries for the prevention 

and treatment of malaria in pregnancy, the United States Food and Drug Administration 

(FDA) cautions against its use in pregnancy due to insufficient controlled studies of its 

use in pregnant women [8–12]. Unfortunately, proguanil is less effective alone than when 

used in combination with atovaquone for the treatment of malaria [8]. Atovaquone has been 

used alone and in combination with azithromycin for the treatment of babesiosis among 

pregnant women, but due to limited data on its safety it is also not recommended for use in 

pregnancy by FDA [13,14]. AP is not teratogenic in rats or rabbits at plasma concentrations 

which correspond to the estimated human exposure during malaria treatment. However, no 

well-controlled human studies have assessed teratogenicity of AP in pregnant women; thus, 

the FDA recommends that pregnant women only use AP if the potential benefit outweighs 

the risk to the fetus [12,15].

Given the need for an effective chemoprophylaxis regimen for pregnant women in areas 

with chloroquine or mefloquine-resistant malaria, and the dearth of information on the safety 

of AP use in pregnancy, we conducted a systematic review to assess the risk of adverse 
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pregnancy outcomes or birth defects after exposure to AP at any time point in pregnancy. 

To our knowledge, no systematic review has reported on pregnancy outcomes after AP 

exposure, and this report synthesizes the available literature on the topic.

2. Methods

A systematic literature search was performed according to PRISMA guidelines on July 19, 

2018 to identify studies in which pregnant women were exposed to atovaquone-proguanil, 

or to atovaquone or proguanil monotherapy. We searched Pubmed, MEDLINE, and the 

Malaria in Pregnancy (MiP) Consortium Library, a comprehensive dataset of published 

and unpublished literature on MiP, with the search terms ((pregnan* OR matern* OR 

gravid*) AND (malarone OR atovaquone OR proguanil)). Studies were included if they 

reported pregnancy outcomes after maternal exposure to atovaquone-proguanil, atovaquone, 

or proguanil in pregnancy. Reviews or studies that lacked primary data were excluded from 

the analysis, but references of these articles were manually reviewed to identify additional 

relevant literature. Additionally, studies were excluded if the treatment group did not receive 

AP, atovaquone, or proguanil (intervention), and if the study did not present adverse infant 

outcomes (outcomes). Data were extracted by two independent reviewers into Epi Info™ 

7 (Atlanta, GA) and then uploaded to SAS v9.3 (Cary, NC) and MS Excel 2016 (Seattle, 

WA) for comparison and analysis. The analysis was completed with and without single 

case reports, as it was postulated that case reports may have bias towards reporting adverse 

outcomes. The proportions and 95% confidence interval of miscarriage, stillbirth, early 

neonatal death (< 7 days), and congenital anomalies among pregnant women who received 

AP or proguanil were calculated using Excel and OpenEpi (Atlanta, GA) [16]. Due to the 

heterogeneity in study designs, a meta-analysis could not be conducted; however, STATA 

version 14 (Stata-Corp LLC, College Station, TX) was used to calculate odds ratios for the 

risk of adverse events among randomized clinical trials and generate forest plots.

3. Results

The database search identified 555 records; 455 remained after removal of duplicates (Fig. 

1). Following title and abstract screening, the full text of 23 studies was reviewed; 7 were 

excluded due to a lack of primary data, or intervention/outcome of interest. Of the 16 

relevant studies included in the final analysis, there were three cohort studies, five clinical 

trials, five case series, and three case reports, including 17 discrete populations of women 

among the included studies. Ten studies, (including 11 discrete populations) reported on 

infant outcomes following AP exposure in pregnancy, and six studies reported on proguanil 

(Table 1). There were no studies which reported outcomes after maternal exposure to 

atovaquone monotherapy. Of the 16 included studies, 56% (9/16) studied populations in 

endemic areas, and 44% (7/16) reported on traveler groups.

Of the 1557 women exposed to atovaquone-proguanil and proguanil in this review, the 

proportion of pregnancies ending in miscarriage after exposure to AP and proguanil was 

8.08% (21/260, CI: 5.07,12.08%) and 2.99% (23/768, CI: 1.91,4.46%), respectively (Table 

2). Of the eight AP studies reporting miscarriage data, one study reported 21 cases, and the 

remaining seven studies reported zero miscarriages amongst a collective sample size of 95 
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women [17]. Three AP publications did not report miscarriage rates. After AP exposure, 

the proportion of pregnancies ending in stillbirth was 1.05% (1/95, CI: 0.03, 5.73%) and 

early neonatal death was 0% (0/48, CI: 0, 7.4%), respectively. The proportion of congenital 

anomalies after exposure to AP and proguanil monotherapy was 2.56% (11/430, CI: 1.28, 

4.53%) and 4.53% (15/331, CI: 2.56, 7.36%), respectively. There were no significant 

differences in the proportions of adverse events when single case reports were excluded 

from the analysis.

When considering only results from the five randomized clinical trials (Table 3), only one 

of which included AP, neither AP nor proguanil, either alone or in other combinations, were 

associated with a statistically significant increase in congenital anomalies (Fig. 2a), death 

(Fig. 2b), stillbirth (Fig. 2c.), or miscarriage (Fig. 2d.), though the numbers for all were 

extremely small.

4. Discussion

This review highlights the paucity of available data from the 446 women exposed to AP 

to evaluate the safety of AP for use in pregnant women. There is only one study which 

directly compares birth outcomes following in utero atovaquone-proguanil exposure to 

another antimalarial, specifically, quinine; this study found no significant difference in 

adverse birth outcomes (5.9% AP vs 2.6% QN, p = 0.599), though the numbers were 

small [18]. There were four studies comparing outcomes following proguanil exposure to 

placebo or another antimalarial (chloroquine, sulfadoxine-pyrimethamine (SP), artesunate-

amodiaquine, SP-amodiaquine), none of which found a significantly increased risk of 

miscarriage, stillbirth, or congenital anomaly associated with in utero exposure to proguanil, 

though the numbers are very small [19–22]. Thus, the limited available data on adverse birth 

outcomes and birth defects after AP exposure suggests that such outcomes are rare.

Reported rates of miscarriage range from 11 to 22% among women who know that they 

are pregnant, regardless of malaria endemicity [23–26]. Rates of stillbirth range from 1.5 to 

10.6% in malaria endemic areas, but are lower, around 1% or less, in non-endemic countries 

such as the US and Europe [26–29]. It is well established that the rates of miscarriage are 

highest early in pregnancy and then fall after 16 weeks [23]. A study in a rural area of 

Kenya with high malaria and HIV prevalence followed women from conception to delivery 

and found a probability of miscarriage of 18.9% by 28 weeks gestation [23]. The overall 

miscarriage rate was similarly high (20%) amongst refugee women followed weekly on 

the malaria endemic Thai-Burmese border [26]. The incidence of miscarriage was higher 

in women who had a single episode of malaria in their first trimester (34%) than women 

unaffected by malaria in the same region (19%) [26]. The miscarriage rate of 8.08% found 

in this review is therefore well within the expected rate in similar epidemiological settings. 

Furthermore, all of the miscarriages found in this review were from one study evaluating 

miscarriage following 1st trimester exposures among European travelers, and no data on 

outcomes of unexposed pregnancies nor pregnancies exposed to other antimalarials were 

reported, so no comparisons could be made within this population [17].
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Pregnant women with malaria are at increased risk of stillbirth; it is estimated that antenatal 

P. falciparum malaria infection may cause 12–20% of stillbirths in Africa [30]. Rates of 

stillbirths in malaria endemic areas of sub-Saharan Africa range from 1.5% to 10.6% and 

0.9%–6.9% in primigravid and multigravid women, respectively, while much lower rates 

(1.2–2.6%) have been reported in Southeast Asia [27,31]. Average stillbirth rates in southern 

Asia and sub-Saharan Africa are reported to be 2.55% and 2.87%, respectively [32]. The 

available data suggests that there does not appear to be an increased risk of stillbirth 

following exposure to malarone.

Neonates in developing countries are exceptionally vulnerable in their first seven days of 

life as 73% of neonatal deaths occur during the first week of life [33]. WHO reported an 

aggregate neonatal mortality rate of 27.2 and 22.6 deaths per 1000 live births in Sub-Saharan 

Africa and Southeast Asia, respectively [34]. Early neonatal mortality rates at the Shoklo 

Malaria Research unit on the Thailand-Myanmar border were reported to be 6.6 per 1000 

live births [35]. Among 27 women from this population exposed to AP in pregnancy, 

there were no reported early neonatal deaths. Given no reported early neonatal deaths in a 

relatively small sample size, the statistical rule of three (3/n estimates the upper end of the 

95% confidence interval when there are zero events in a small sample size) was used to 

estimate the upper bounds of probability of early neonatal deaths in the population at 6.25%, 

which falls within the expected rate [36]. Thus, there does not appear to be an increased risk 

of early neonatal death following in utero exposure to malarone.

The incidence of congenital anomalies varies world-wide, and due to the absence of birth 

defect registries in many parts of the developing world, it is difficult to ascertain incidence 

[37]. Approximately 7% of all live births result in a congenital anomaly, though reported 

rates range from 30.3 per 1000 live births in the U.S. to 73.5 per 1000 births in Nigeria 

[38–40]. Studies from Thailand and Uganda found the incidence rate for major anomalies to 

be 26.12 and 20.3 per 1000 live births, respectively [41,42]. Due to our small sample size, 

the confidence interval around our proportion is large; however, it is well within the range of 

expected rates.

Though intentional exposure to AP is not recommended in pregnancy, inadvertent exposure 

may occur when a woman is on prophylaxis prior to conception. A retrospective cohort 

study among women physicians and employees of the Centers for Disease Control and 

Prevention found that unintentional exposure to AP occurred in 1.2% of women [43]. 

This highlights the importance of developing better registries to capture the outcomes of 

inadvertent exposures, as well as the need for additional research on the safety of AP in 

pregnancy. There were numerous limitations to this review. First, the small pooled sample 

size limits the strength of the evidence. Second, there was not enough consistency in study 

designs, and only four of the studies were randomized clinical trials, precluding a meta-

analysis or comparison to other drugs. Third, due to the paucity of data, single case reports 

and case series were included in the analysis, despite a likely bias towards reporting adverse 

outcomes. However, the results were not significantly different when the case reports were 

excluded. Finally, there was limited geographic variation in the analysis as most of the AP 

studies were from the Thai-Burmese border.
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5. Conclusion

The limited available data suggests that the rates of adverse events after AP exposure during 

pregnancy are not higher than the expected rates in similar populations, suggesting that AP 

may be a promising option for malaria prophylaxis in pregnant women. There is a pressing 

need for studies to evaluate the safety of AP in pregnancy. Though this literature review may 

not be sufficient to support interventional studies, additional cohort studies from existing 

data sources should be conducted to quantify the impact of exposure of AP on maternal and 

fetal outcomes.
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Fig. 1. 
PRISMA diagram.
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Fig. 2. 
a. Congenital anomalies. b. Death. c. Stillbirth. d. Miscarriage.
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