
LSHTM Research Online

Arzika, Ahmed M; Maliki, Ramatou; Boubacar, Nameywa; Kane, Salissou; Cotter, Sun Y; Lebas,
Elodie; Cook, Catherine; Bailey, Robin L; West, Sheila K; Rosenthal, Philip J; +4 more... Porco,
Travis C; Lietman, Thomas M; Keenan, Jeremy D; MORDOR Study Group; (2019) Biannual
mass azithromycin distributions and malaria parasitemia in pre-school children in Niger: A cluster-
randomized, placebo-controlled trial. PLoS medicine, 16 (6). e1002835. ISSN 1549-1277 DOI:
https://doi.org/10.1371/journal.pmed.1002835

Downloaded from: http://researchonline.lshtm.ac.uk/4653946/

DOI: https://doi.org/10.1371/journal.pmed.1002835

Usage Guidelines:

Please refer to usage guidelines at https://researchonline.lshtm.ac.uk/policies.html or alternatively
contact researchonline@lshtm.ac.uk.

Available under license: http://creativecommons.org/licenses/by/2.5/

https://researchonline.lshtm.ac.uk

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by LSHTM Research Online

https://core.ac.uk/display/226758638?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://researchonline.lshtm.ac.uk/4653946/
https://doi.org/10.1371/journal.pmed.1002835
https://researchonline.lshtm.ac.uk/policies.html
mailto:researchonline@lshtm.ac.uk
https://researchonline.lshtm.ac.uk


RESEARCH ARTICLE

Biannual mass azithromycin distributions and

malaria parasitemia in pre-school children in

Niger: A cluster-randomized, placebo-

controlled trial

Ahmed M. ArzikaID
1, Ramatou Maliki1, Nameywa Boubacar1, Salissou Kane1, Sun

Y. Cotter2, Elodie LebasID
2, Catherine Cook2, Robin L. Bailey3, Sheila K. WestID

4, Philip

J. Rosenthal5, Travis C. PorcoID
2,6,7,8, Thomas M. LietmanID

2,6,7,8, Jeremy D. KeenanID
2,6*,

for the MORDOR Study Group¶

1 The Carter Center, Niamey, Niger, 2 Francis I Proctor Foundation, University of California, San Francisco,

San Francisco, California, United States of America, 3 London School of Hygiene and Tropical Medicine,

London, United Kingdom, 4 Dana Center for Preventive Ophthalmology, Johns Hopkins University,

Baltimore, Maryland, United States of America, 5 Department of Medicine, University of California, San

Francisco, San Francisco, California, United States of America, 6 Department of Ophthalmology, University

of California, San Francisco, San Francisco, California, United States of America, 7 Department of

Epidemiology & Biostatistics, University of California, San Francisco, San Francisco, California, United States

of America, 8 Institute for Global Health Sciences, University of California, San Francisco, San Francisco,

California, United States of America

¶ Membership of the MORDOR Study Group is provided in the Acknowledgments.

* jeremy.keenan@ucsf.edu

Abstract

Background

Mass azithromycin distributions have been shown to reduce mortality in preschool children,

although the factors mediating this mortality reduction are not clear. This study was per-

formed to determine whether mass distribution of azithromycin, which has modest antima-

larial activity, reduces the community burden of malaria.

Methods and findings

In a cluster-randomized trial conducted from 23 November 2014 until 31 July 2017, 30 rural

communities in Niger were randomized to 2 years of biannual mass distributions of either

azithromycin (20 mg/kg oral suspension) or placebo to children aged 1 to 59 months. Partici-

pants, field staff, and investigators were masked to treatment allocation. The primary

malaria outcome was the community prevalence of parasitemia on thick blood smear,

assessed in a random sample of children from each community at study visits 12 and 24

months after randomization. Analyses were performed in an intention-to-treat fashion. At

the baseline visit, a total of 1,695 children were enumerated in the 15 azithromycin commu-

nities, and 3,029 children were enumerated in the 15 placebo communities. No communities

were lost to follow-up. The mean prevalence of malaria parasitemia at baseline was 8.9%

(95% CI 5.1%–15.7%; 52 of 552 children across all communities) in the azithromycin-

treated group and 6.7% (95% CI 4.0%–12.6%; 36 of 542 children across all communities) in
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the placebo-treated group. In the prespecified primary analysis, parasitemia was lower in

the azithromycin-treated group at month 12 (mean prevalence 8.8%, 95% CI 5.1%–14.3%;

51 of 551 children across all communities) and month 24 (mean 3.5%, 95% CI 1.9%–5.5%;

21 of 567 children across all communities) than it was in the placebo-treated group at month

12 (mean 15.3%, 95% CI 10.8%–20.6%; 81 of 548 children across all communities) and

month 24 (mean 4.8%, 95% CI 3.3%–6.4%; 28 of 592 children across all communities) (P =

0.02). Communities treated with azithromycin had approximately half the odds of parasite-

mia compared to those treated with placebo (odds ratio [OR] 0.54, 95% CI 0.30 to 0.97).

Parasite density was lower in the azithromycin group than the placebo group at 12 and 24

months (square root–transformed outcome; density estimates were 7,540 parasites/μl

lower [95% CI −350 to −12,550 parasites/μl; P = 0.02] at a mean parasite density of 17,000,

as was observed in the placebo arm). No significant difference in hemoglobin was observed

between the 2 treatment groups at 12 and 24 months (mean 0.34 g/dL higher in the azithro-

mycin arm, 95% CI −0.06 to 0.75 g/dL; P = 0.10). No serious adverse events were reported

in either group, and among children aged 1 to 5 months, the most commonly reported non-

serious adverse events (i.e., diarrhea, vomiting, and rash) were less common in the azithro-

mycin-treated communities. Limitations of the trial include the timing of the treatments and

monitoring visits, both of which took place before the peak malaria season, as well as the

uncertain generalizability to areas with different malaria transmission dynamics.

Conclusions

Mass azithromycin distributions were associated with a reduced prevalence of malaria para-

sitemia in this trial, suggesting one possible mechanism for the mortality benefit observed

with this intervention.

Trial registration

The trial was registered on ClinicalTrials.gov (NCT02048007).

Author summary

Why was this study done?

• The Macrolides Oraux pour Réduire les Décés avec un Oeil sur la Resistance (MOR-

DOR) trial found that distributing the antibiotic azithromycin to all preschool children

in communities in Niger was effective for preventing childhood mortality.

• It is unclear how azithromycin might prevent mortality, though this antibiotic has mod-

erate activity against malaria parasites.

What did the researchers do and find?

• Thirty communities from the same study area as MORDOR were randomized to receive

the same interventions: either mass distribution of azithromycin or mass distribution of

placebo to all children ages 1 to 59 months every 6 months over a 2-year period.

Mass azithromycin and malaria in Niger
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• A blood smear test for malaria was performed on a random sample of 40 children per

community before treatment and at 12 and 24 months after the initial distribution.

• Communities randomized to the antibiotic had fewer malaria parasites at months 12

and 24 than those randomized to placebo.

What do these findings mean?

• Mass azithromycin distributions may reduce the burden of malaria in Niger, which may

in turn contribute to the mortality benefit of this intervention.

• Future studies will be important to study how frequently to give treatment, the effective-

ness of azithromycin during various seasons of the year, and the generalizability of this

finding to other settings in sub-Saharan Africa.

Introduction

Mass azithromycin distributions have lowered childhood mortality in Africa, although the

mechanism explaining this effect is unknown. Macrolides Oraux pour Réduire les Décés avec

un Oeil sur la Resistance (MORDOR) was a cluster-randomized placebo-controlled trial con-

ducted in Malawi, Niger, and Tanzania that found a 14% reduction in childhood mortality in

communities randomized to biannual mass azithromycin distributions targeted to 1- to

59-month-old children. The protective effect of azithromycin distributions was especially high

in Niger, where malaria accounts for a large proportion of childhood deaths [1]. Azithromycin

has activity against the malarial apicoplast and has demonstrated modest antimalarial activity

in vitro and in numerous field studies [2–13]. Thus, the mortality benefit observed with mass

azithromycin distributions may be due, in part, to decreased malaria.

MORDOR was designed as a large simple trial the outcome of which was childhood mortal-

ity as assessed on biannual census. Detailed health assessments were not performed in MOR-

DOR in order to minimize co-interventions that could have biased the result of the trial.

Instead, additional communities drawn from the MORDOR study area were enrolled into a

parallel trial with the same interventions that also included annual monitoring visits to investi-

gate possible mechanisms by which azithromycin impacted mortality. The present report

details the results of blood smears processed for malaria in the parallel trial from Niger. Cluster

randomization was employed to account for both the direct effects of the antibiotic as well as

any indirect spillover effects of widespread community antibiotic use [14]. We hypothesized

that mass azithromycin distributions would reduce the community prevalence of malaria para-

sitemia relative to placebo.

Methods

Trial design

A parallel-group, cluster-randomized trial was performed in the Boboye and Loga departments

of Niger from 23 November 2014 to 31 July 2017 (Fig 1). Communities were randomly selected

from the same pool of communities as the main MORDOR trial in order to allow the findings

of this trial to be generalizable to the parent study population (Fig 2). A set of 30 communities

was randomized in a 1:1 ratio to biannual (i.e., every 6 months) mass treatment of preschool

Mass azithromycin and malaria in Niger
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children with a single dose of either azithromycin or placebo (i.e., the same interventions

offered in the main trial). Communities were followed annually with detailed morbidity assess-

ments, including blood smears. Ethical approval was obtained from the Committee on Human

Fig 1. Trial flow. Communities were selected from the same pool of communities as the parent MORDOR trial; communities were

excluded before randomization if not in the desired population range (i.e., 200–2,000 people) or if not required to reach the targeted

sample size. A census was conducted approximately every 6 months. A random sample of children was selected at months 0, 12, and

24 for monitoring. Children excluded from analysis had thick smears that were missing or unreadable. MORDOR, Macrolides

Oraux pour Réduire les Décés avec un Oeil sur la Resistance.

https://doi.org/10.1371/journal.pmed.1002835.g001
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Research at the University of California, San Francisco and the Institutional Review Board of

the Nigerien Ministry of Health. The trial was reported according to Consolidated Standards

of Reporting Trials (CONSORT) guidelines (S1 Checklist). Details of the study design were

prespecified in a trial protocol (S1 Protocol).

Fig 2. MORDOR study area. MORDOR was conducted in Boboye and Loga departments, Dosso region, Niger. Each

point represents a community, with azithromycin-treated communities in blue and placebo-treated communities in

orange. The 30 communities enrolled in the present study (darker markers) were randomly selected from the same

pool of communities as the main MORDOR trial (lighter markers). Base maps of the Loga and Boboye departments

were taken from the Humanitarian Data Exchange (https://data.humdata.org). MORDOR, Macrolides Oraux pour

Réduire les Décés avec un Oeil sur la Resistance.

https://doi.org/10.1371/journal.pmed.1002835.g002
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Participants

The unit of randomization for the trial was the grappe, a government-defined health catch-

ment area, termed “community” in this report. Communities with a population between 200

and 2,000 on the most recent government census were eligible. No mass azithromycin distri-

butions for trachoma had been administered in the study area for the previous 5 years, and no

seasonal malaria chemoprevention programs were implemented during the study period. All

children aged 1 to 59 months of age who weighed 3,800 g or more were eligible for treatment.

A random selection of 40 children aged 1 to 59 months per community was invited to provide

a finger-stick blood specimen for thick and thin smear. Guardians of children provided oral

informed consent for both treatment and monitoring.

Randomization and masking

Communities were randomly assigned in equal proportions to 1 of 6 letters by the trial biostat-

istician with the statistical package R (R Foundation for Statistical Computing, Vienna, Aus-

tria). The Nigerien study coordinator then enrolled communities and assigned the allocated

intervention. Allocation was concealed at the cluster level by enrolling all communities before

randomization and at the individual level by administering the treatment to all eligible chil-

dren. Bottles of study drug were labelled by the manufacturer (Pfizer, New York, NY) with one

of the 6 treatment letters, with 3 letters corresponding to azithromycin and 3 letters to placebo.

Study bottles, packaging, and the appearance of the drug were identical. Participants, field per-

sonnel, laboratory staff, and all investigators except the trial biostatistician were masked to

treatment allocation.

Census

All households in each community were enumerated approximately every 6 months over a

2.5-year period using similar methods as the main trial [1]. All children aged�12 years in the

household were documented.

Monitoring

A monitoring visit was performed during the first census period before distribution of the

study drug (median date 26 March 2015) and then approximately 12 and 24 months later

(median dates 23 June 2016 and 25 April 2017, respectively). The monitoring visits at months

12 and 24 occurred before distribution of study medication for the respective study period, as

well as approximately 6 months after the treatment from the previous phase. Thus, the

12-month visit was performed approximately 6 months after the second round of mass treat-

ment, and the 24-month visit was performed approximately 6 months after the fourth round

of treatment (Fig 3). As part of the assessments, each child had a finger stick performed, with

hemoglobin measurements estimated with a Hemocue Hb 201+ device (Ängelholm, Sweden)

and malaria parasitemia assessed via thick and thin smear applied to a single slide. Slides were

labelled with a random number sticker to mask the laboratory personnel. After the blood had

dried, the portion of the slide with the thin smear was fixed with methanol; slides were subse-

quently stained with 3% Giemsa. Ill-appearing children also had a drop of blood tested with a

rapid diagnostic test for malaria and were referred to the local government health facility if the

test was positive. The thick smear was assessed for the presence and density of parasites and

gametocytes by 2 independent experienced laboratory workers at the Centre de Recherche

Médicale et Sanitaire (Niamey, Niger). Parasite density, measured in parasites per microliter,

was estimated as the ratio of asexual parasites to white blood cells after inspecting a minimum

Mass azithromycin and malaria in Niger
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of 200 white blood cells, multiplied by 8,000 (i.e., an arbitrary yet accepted convention for the

number of white blood cells per microliter). Thin smears were assessed for malaria species.

Laboratory workers were masked to treatment allocation. Discrepancies were adjudicated by

additional independent laboratory workers until a majority consensus was achieved. A consen-

sus for density measurements required a�1 log10-unit difference between the majority of

measurements; the mean density from the consensus was taken as the study measurement.

Intervention

A single, directly observed dose of study drug was administered to all eligible children approxi-

mately every 6 months. Study treatment was administered after monitoring was complete for

all children, on a different day from the monitoring visit. Field staff distributed study drug in a

single community at a time. The same smartphone-based mobile application used in the cen-

sus was also used for treatment. All children aged 1 to 59 months entered into the most recent

census were offered treatment, and children who were absent or not eligible at the time of the

previous census were entered into the mobile application and offered treatment. Azithromycin

was dosed at 20 mg/kg, calculated by weight for small children and approximated by height for

children who could stand [15]. The same volume of an identical-appearing placebo suspension

was administered in the placebo communities. Guardians were instructed to contact a village

representative if their child experienced any adverse events within 7 days of receiving study

drug; the representative then informed the study coordinator. A formal adverse event survey

was performed for children aged 1 to 5 months and is reported separately [16].

Fig 3. Timing of examination visits and treatment. The x-axis depicts calendar time during the trial, and the y-axis shows each community as a discrete row.

Examinations and treatment visits were typically conducted over a several-day period; the vertical lines represent the median date of the examination (black) or

treatment (blue for azithromycin, orange for placebo).

https://doi.org/10.1371/journal.pmed.1002835.g003

Mass azithromycin and malaria in Niger

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002835 June 25, 2019 7 / 15

https://doi.org/10.1371/journal.pmed.1002835.g003
https://doi.org/10.1371/journal.pmed.1002835


Outcomes

The prespecified primary malaria outcome was the presence or absence of at least 1 parasite on

thick blood smear in children 1 to 59 months of age, assessed as a community-level prevalence.

Prespecified secondary outcomes included parasitemia density, gametocyte density, hemoglo-

bin concentration at the individual level, and presence of anemia (hemoglobin < 11 g/dL) at

the community level [17].

Statistical considerations

The MORDOR study sites in Malawi, Niger, and Tanzania conducted independent trials of

morbidity outcomes with slightly different methods and outcomes. In consultation with the

trial’s Data Safety and Monitoring Committee, we prespecified a separate analysis for each

morbidity outcome at each site (S1 Protocol). Community-level prevalence outcomes from

months 12 and 24 were modeled in a mixed-effects linear regression model that included a

fixed term for treatment arm, baseline prevalence, and date of sample collection and a random

effect for community. Individual-level outcomes from months 12 and 24 were analyzed in

mixed-effects linear or logistic regression models that included fixed effects for treatment arm

and date of sample collection and nested random effects for individuals within communities.

Square root transformations were used for the parasitemia prevalence, anemia prevalence, and

parasite density outcomes to improve the normality of residuals. Intraclass correlation coeffi-

cients (ICCs) were derived from the regression models at the level of the randomization unit.

P values were determined by Monte Carlo permutation (10,000 permutations). All analyses

were performed in an intention-to-treat fashion with the statistical software R version 3.4.0.

The trial was overseen by a Data Safety and Monitoring Committee.

Sample size

Based on previous studies in Niger, we anticipated a prevalence of malaria parasitemia in

untreated communities of 25% and an ICC of 0.056. Assuming an alpha of 0.05, enrolling 40

children in each of 15 communities per arm would provide more than 80% power to detect a

13% absolute difference between the 2 treatment arms.

Results

Baseline characteristics of the 15 azithromycin-treated communities and 15 placebo-treated

communities are shown in Table 1. Communities in the placebo group were on average larger

Table 1. Baseline characteristics of the study communities, as assessed from a population census.

Characteristic Mean (95% CI)

Placebo

N = 15

Azithromycin

N = 15

Census

No. of children 1–59 mo 202 (136–268) 113 (63–163)

Age, %

0 y 14.6% (11.9%–17.2%) 13.8% (11.3%–16.4%)

1 y 14.4% (12.3%–16.6%) 15.2% (12.4%–18.0%)

2 y 19.3% (17.5%–21.1%) 18.8% (16.0%–21.6%)

3 y 23.8% (21.4%–26.3%) 24.6% (21.7%–27.5%)

4 y 27.9% (24.1%–31.7%) 27.5% (24.3%–30.7%)

Female, % 48.0% (45.7%–50.3%) 48.2% (45.5%–50.8%)

https://doi.org/10.1371/journal.pmed.1002835.t001

Mass azithromycin and malaria in Niger

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002835 June 25, 2019 8 / 15

https://doi.org/10.1371/journal.pmed.1002835.t001
https://doi.org/10.1371/journal.pmed.1002835


than those in the azithromycin group, with a total of 1,695 children aged 1 to 59 months enu-

merated in the azithromycin arm and a total of 3,029 children enumerated in the placebo arm

at baseline. The age and sex distribution within communities was similar between the 2

groups. All communities received their allocated study medication, and none were lost to fol-

low-up. Across all 4 study visits, study drug was distributed to 78.7% (95% CI 74.9%–82.6%) of

eligible children in the azithromycin group and 81.7% (95% CI 78.9%–84.5%) of eligible chil-

dren in the placebo group (Fig 1).

No hospitalizations or life-threatening illnesses were reported in either group over the dura-

tion of the study. Guardians of 1- to 5-month-old children were surveyed about adverse events

approximately 1 month after treatment given the paucity of azithromycin safety data in this

population. Detailed results have been published elsewhere [16]. In summary, the most com-

mon guardian-reported adverse events were as follows: diarrhea, which was reported in 110

out of 571 (19.3%) children in the azithromycin group and 321 out of 1,141 (28.1%) children

in the placebo group (P = 0.03); vomiting, reported in 91 out of 571 (15.9%) from the azithro-

mycin group and 240 out of 1,141 (21.0%) from the placebo group (P = 0.07); and rash,

reported in 70 out of 571 (12.3%) from the azithromycin group and 155 out of 1,141 (13.6%)

from the placebo group (P = 0.07).

The prevalence of parasitemia among 1- to 59-month-old children for each community

over time is shown in Table 2 and Fig 4. At baseline, the mean prevalence of malaria parasite-

mia was 6.7% (95% CI 4.0%–12.6%) in the placebo group and 8.9% (95% CI 5.1%–15.7%) in

the azithromycin group. At month 12, the mean prevalence was 15.3% (95% CI 10.8%–20.6%)

and 8.8% (95% CI 5.1%–14.3%) in the placebo and azithromycin groups, respectively, and at

month 24, these estimates were 4.8% (3.3%–6.4%) and 3.5% (1.9%–5.5%), respectively. Parasi-

temia prevalence was significantly lower in the azithromycin group at months 12 and 24 after

adjusting for baseline parasitemia and the date of sample collection (P = 0.02; ICC = 0.26;

square-root–transformed outcome; prespecified primary outcome). If the mean malaria preva-

lence was 10% in the placebo-treated communities (i.e., the post-treatment average observed

in the present study), then azithromycin would be predicted to reduce the prevalence of

malaria parasitemia by an absolute difference of 5.3% (95% CI −1.4 to −8.0%). The conclusions

did not change in a sensitivity analysis of individual-level data (odds ratio [OR] 0.54 relative to

the placebo group, 95% CI 0.30–0.97, adjusted for date of sample collection).

The average parasite density among parasitemic children is shown for each treatment arm

in Table 3. Parasite density was lower in the azithromycin group in a mixed-effects linear

regression of the 12- and 24-month values adjusted for the date of sample collection, with den-

sity estimates 7,540 parasites/μl lower (95% CI −350 to −12,550 parasites/μl) than the placebo

arm assuming a mean parasite density in the placebo arm of 17,000 as observed in this study

(ICC = 0.02; P = 0.02; square-root–transformed outcome). No significant differences in game-

tocyte prevalence or density were observed between the 2 groups (S1 Table, S2 Table).

Mean hemoglobin measurements are summarized for each study visit and treatment arm

in Table 3. No significant difference was observed between the 2 groups after adjusting for

date of sample collection, although the azithromycin group had slightly higher hemoglobin

measurements (mean 0.34 g/dL higher than the placebo group, 95% CI −0.06 to 0.75 g/dL;

ICC = 0.09; P = 0.10). Similarly, the prevalence of anemia was not significantly different

between the 2 groups in the permutation test (P = 0.06; ICC = 0.08; square-root–transformed

outcome; S3 Table), although the regression model predicted less anemia in the azithromycin-

treated communities (absolute difference 6.7%, 95% CI −0.2 to −12.8%, assuming a 75% preva-

lence of anemia as approximately observed in the placebo-treated communities).

Mass azithromycin and malaria in Niger
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Discussion

In this placebo-controlled study, mass azithromycin distributions resulted in a significantly

lower prevalence of malaria parasitemia and lower parasite density levels when assessed at 2

annual post-treatment study visits. Hemoglobin levels were slightly greater and the prevalence

of anemia slightly lower in azithromycin-treated communities, although neither of these were

statistically significant. These results raise the possibility that reductions in malaria may in part

explain the childhood mortality benefit of azithromycin.

The prevalence of malaria parasitemia was lower in this study than in several other popula-

tion-based studies done in other parts of Niger [9, 13]. This may be explained by geographic

and year-to-year variations in malaria prevalence [18–20]. The relatively low malaria

Table 2. Community-specific prevalence of malaria parasitemia.

No. of positive out of total tested, per community (%)

Community Month 0 Month 12 Month 24

Placebo

1 0/40 (0%) 5/40 (12.5%) 4/40 (10.0%)

2 2/23 (8.7%) 4/28 (14.3%) 2/31 (6.5%)

3 0/38 (0%) 6/28 (21.4%) 0/42 (0%)

4 2/42 (4.8%) 2/41 (4.9%) 0/41 (0%)

5 11/37 (29.7%) 9/37 (24.3%) 3/41 (7.3%)

6 4/37 (10.8%) 3/36 (8.3%) 1/42 (2.4%)

7 1/22 (4.5%) 5/19 (26.3%) 1/25 (4.0%)

8 1/29 (3.4%) 8/39 (20.5%) 3/42 (7.1%)

9 1/43 (2.3%) 2/38 (5.3%) 1/44 (2.3%)

10 4/36 (11.1%) 3/40 (7.5%) 1/40 (2.5%)

11 2/40 (5.0%) 4/40 (10.0%) 3/41 (7.3%)

12 0/37 (0%) 2/40 (5.0%) 1/41 (2.4%)

13 4/41 (9.8%) 14/40 (35.0%) 2/41 (4.9%)

14 4/39 (10.3%) 12/41 (29.3%) 4/41 (9.8%)

15 0/38 (0%) 2/41 (4.9%) 2/40 (5.0%)

Mean (95% CI) 6.7% (4.0%–12.6%) 15.3% (10.8%–20.6%) 4.8% (3.3%–6.4%)
Azithromycin

16 4/40 (10.0%) 2/42 (4.8%) 4/42 (9.5%)

17 1/24 (4.2%) 9/39 (23.1%) 2/33 (6.1%)

18 1/40 (2.5%) 11/38 (28.9%) 2/40 (5.0%)

19 3/32 (9.4%) 0/28 (0%) 0/21 (0%)

20 15/39 (38.5%) 2/39 (5.1%) 0/41 (0%)

21 1/30 (3.3%) 0/42 (0%) 1/40 (2.5%)

22 0/40 (0%) 4/40 (10.0%) 4/40 (10.0%)

23 0/39 (0%) 3/39 (7.7%) 0/40 (0%)

24 0/41 (0%) 4/41 (9.8%) 3/42 (7.1%)

25 7/39 (17.9%) 8/38 (21.1%) 0/40 (0%)

26 0/26 (0%) 0/16 (0%) 1/40 (2.5%)

27 8/46 (17.4%) 1/39 (5.0%) 3/42 (7.1%)

28 2/37 (5.4%) 1/32 (3.1%) 0/23 (0%)

29 5/38 (13.2%) 1/40 (2.5%) 1/43 (2.3%)

30 5/41 (12.2%) 5/38 (13.2%) 0/40 (0%)

Mean (95% CI) 8.9% (5.1%–15.7%) 8.8% (5.1%–14.3%) 3.5% (1.9%–5.5%)

https://doi.org/10.1371/journal.pmed.1002835.t002
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prevalence could also be due to the timing of the annual monitoring visits, which were done in

the spring, before the major seasonal peak in the fall. The prevalence of malaria would be

expected to increase later in the summer. Indeed, the malaria estimates were higher in each

group at the month 12 assessments, which on average occurred several months later than at

the other 2 time points. The preponderance of malaria during the autumn months in Niger

was suggested by the parent MORDOR trial since the largest number of childhood deaths

occurred during this time and malaria was the most common attributed cause of death from

verbal autopsies, although it is important to note that verbal autopsy has poor diagnostic accu-

racy for malarial deaths and can lead to overestimates in areas with endemic malaria like Niger

[1, 21, 22]. The strength of the statistical association between mass azithromycin treatments

and malaria could depend on the timing of treatments as well as the timing of assessments, so

it is possible that the present trial did not maximize the chance of finding an antimalarial effect

of azithromycin. Nonetheless, our finding of reduced parasitemia in the azithromycin group

even in the presumably low-prevalence spring months is consistent with azithromycin exerting

a sustained reduction in malarial burden throughout the year.

Fig 4. Community-specific malaria parasitemia prevalence among 1- to 59-month-old children at the 3 annual

monitoring visits. Each thin line represents a community, and the thick lines represent the mean prevalence of

parasitemia in each trial arm.

https://doi.org/10.1371/journal.pmed.1002835.g004

Table 3. Individual-level parasite density and hemoglobin.

Parasite density, parasites/μl� Hemoglobin, g/dL

Placebo Azithromycin Placebo Azithromycin

Month N Mean (95% CI) N Mean (95% CI) N Mean (95% CI) N Mean (95% CI)

0 36 550 (250–1,200) 52 70,020 (600–225,890) 542 9.7 (9.5–10.0) 552 9.8 (9.5–10.0)

12 81 22,470 (4,390–56,360) 51 400 (250–760) 548 9.1 (8.7–9.5) 551 9.7 (9.2–10.2)

24 28 740 (150–2,370) 21 640 (130–1,535) 592 10.1 (9.9–10.3) 567 10.2 (9.9–10.4)

�Among parasitemic children; rounded to nearest 10.

Values represent individual-level means with bootstrapped 95% CIs resampled at the community level.

https://doi.org/10.1371/journal.pmed.1002835.t003
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The present study is consistent with several previous studies that have assessed the antima-

larial activity of azithromycin. As is the case with some other antibiotics, azithromycin acts

against the parasite apicoplast and exerts slow antimalarial activity [6]. In clinical trials, azi-

thromycin has been found to improve the treatment efficacy of both artesunate and chloro-

quine relative to each agent alone [4, 5, 11]. Azithromycin has also been shown to prevent

malaria infections, although its efficacy appears to be inferior to that of doxycycline [2, 3].

Malaria outcomes have been measured during studies of mass azithromycin distributions for

trachoma, with reductions in malaria parasitemia observed in some studies but not in others

[9, 13, 23, 24]. The present study improved upon previous studies of mass azithromycin distri-

bution in that it was placebo controlled and enforced strict masking procedures both in the

field and by laboratory staff.

The public health impact of MORDOR remains to be seen. The mortality benefit of mass

azithromycin distributions was especially strong for the youngest children and for the Niger

site, so it may ultimately make sense to target antibiotic distributions to those most likely to

benefit. Doing so would have the added benefit of reducing the total volume of antibiotics dis-

tributed, which may limit antimicrobial resistance. Studies like this one may help elucidate

where to target antibiotics. Namely, our results suggest that mass azithromycin distributions

might be more effective in reducing mortality in places with prevalent malaria. Subsequent

studies assessing the impact of mass azithromycin on other common causes of childhood mor-

tality will be important, as will studies in areas without prevalent malaria. For example, if the

mortality benefit of mass azithromycin is mediated only through malaria reduction, then sea-

sonal malaria chemoprevention might be a more efficient way to prevent childhood mortality.

In fact, a recent household-randomized trial found that adding azithromycin to seasonal

malaria chemoprevention did not provide a benefit for malaria or mortality, perhaps because

any antimalarial effect of azithromycin was reduced when given along with the more effective

antimalarial drugs [25]. However, that same study also found that azithromycin treatment was

associated with reductions in diarrheal and respiratory infections. If other studies confirm

these associations, wider implementation of mass azithromycin distributions may be

warranted.

Although the most likely explanation for the observed result is a direct effect of azithromy-

cin on those children who took the drug, it is important to note that mass antibiotics may also

have indirect spillover effects [14]. By reducing the overall burden of parasitemia, mass azi-

thromycin distributions reduced the reservoir of parasites in the community, which may have

supplemented any direct effect of the antibiotic.

The present trial has several limitations. Study drug was generally administered in the dry

seasons. Although mathematical models have suggested that this may in fact be the optimal

time to reduce the community burden of malaria, the ideal time to administer antibiotics

remains unclear [26]. Likewise, due to logistical reasons, monitoring visits were conducted in

the dry season, which may not provide a complete picture of the impact of the intervention

during the peak malaria transmission season. Grading of thick smears is inherently subjective,

although the possibility of misclassification error was mitigated by having at least 2 indepen-

dent laboratory staff assess each slide. Finally, the generalizability of the results outside Niger

remains unclear, and even the generalizability within Niger is not assured given considerable

variation in malaria transmission within the country [18–20]. The other 2 MORDOR sites in

Malawi and Tanzania had a lower reduction of mortality in subgroup analyses, and thus the

malaria results for these sites will provide important context for the interpretation of the pres-

ent report and may ultimately alter our understanding of the causal relationship between mass

azithromycin, malaria, and mortality.
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In conclusion, a placebo-controlled, cluster-randomized trial found that biannual mass azi-

thromycin distributions targeted to preschool children in Niger resulted in a reduction in

malaria parasitemia in 1- to 59-month-old children. Study communities were selected from

the same set of communities and treated with the same intervention as the parent MORDOR

trial, so results of this study can be extrapolated to the larger trial. As such, this study suggests

that the mortality benefits conveyed by mass azithromycin distributions may have been in part

due to the antimalarial activity of azithromycin. Similar trials performed in other settings will

be important to confirm the association found in this trial.
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program officers from the trial’s sponsor: Rasa Izadnegahdar, Julie Jacobson, Thomas Kanyok,

Erin Shutes (Bill & Melinda Gates Foundation, Seattle, Washington, US). We also thank the

members of the Data and Safety Monitoring Committee: Judd L. Walson (University of Wash-

ington, Seattle, Washington, US), Allen W. Hightower (Liverpool School of Tropical Medi-

cine, Liverpool, UK), Emily E. Anderson (Loyola University, Chicago, Illinois, US), Wondu

Alemayehu (Berhan Public Health & Eye Care Consultancy, Addis Ababa, Ethiopia), and

Latha Rajan (Tulane University, New Orleans, Louisiana, US).

Author Contributions

Conceptualization: Philip J. Rosenthal, Travis C. Porco, Thomas M. Lietman.

Data curation: Elodie Lebas, Jeremy D. Keenan.

Formal analysis: Ahmed M. Arzika, Travis C. Porco, Jeremy D. Keenan.

Funding acquisition: Thomas M. Lietman.

Mass azithromycin and malaria in Niger

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002835 June 25, 2019 13 / 15

http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002835.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002835.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002835.s003
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002835.s004
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002835.s005
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002835.s006
https://doi.org/10.1371/journal.pmed.1002835


Investigation: Ahmed M. Arzika, Ramatou Maliki, Nameywa Boubacar, Salissou Kane, Sun Y.

Cotter, Elodie Lebas, Catherine Cook, Philip J. Rosenthal, Thomas M. Lietman, Jeremy D.

Keenan.

Methodology: Robin L. Bailey, Sheila K. West, Philip J. Rosenthal, Travis C. Porco, Thomas

M. Lietman, Jeremy D. Keenan.

Project administration: Ahmed M. Arzika, Salissou Kane, Sun Y. Cotter, Thomas M.

Lietman.

Supervision: Ahmed M. Arzika, Ramatou Maliki, Nameywa Boubacar, Sun Y. Cotter, Elodie

Lebas, Catherine Cook, Thomas M. Lietman, Jeremy D. Keenan.

Writing – original draft: Jeremy D. Keenan.

Writing – review & editing: Ahmed M. Arzika, Ramatou Maliki, Nameywa Boubacar, Salis-

sou Kane, Sun Y. Cotter, Elodie Lebas, Catherine Cook, Robin L. Bailey, Sheila K. West,

Philip J. Rosenthal, Travis C. Porco, Thomas M. Lietman.

References
1. Keenan JD, Bailey RL, West SK, Arzika AM, Hart J, Weaver J, et al. Azithromycin to Reduce Childhood

Mortality in Sub-Saharan Africa. N Engl J Med. 2018; 378(17):1583–92. Epub 2018/04/26. https://doi.

org/10.1056/NEJMoa1715474 PMID: 29694816; PubMed Central PMCID: PMC5849140.

2. Andersen SL, Oloo AJ, Gordon DM, Ragama OB, Aleman GM, Berman JD, et al. Successful double-

blinded, randomized, placebo-controlled field trial of azithromycin and doxycycline as prophylaxis for

malaria in western Kenya. Clin Infect Dis. 1998; 26(1):146–50. Epub 1998/02/10. https://doi.org/10.

1086/516281 PMID: 9455524.

3. Taylor WR, Richie TL, Fryauff DJ, Picarima H, Ohrt C, Tang D, et al. Malaria prophylaxis using azithro-

mycin: a double-blind, placebo-controlled trial in Irian Jaya, Indonesia. Clin Infect Dis. 1999; 28(1):74–

81. Epub 1999/02/24. https://doi.org/10.1086/515071 PMID: 10028075.

4. Krudsood S, Buchachart K, Chalermrut K, Charusabha C, Treeprasertsuk S, Haoharn O, et al. A com-

parative clinical trial of combinations of dihydroartemisinin plus azithromycin and dihydroartemisinin

plus mefloquine for treatment of multidrug resistant falciparum malaria. Southeast Asian J Trop Med

Public Health. 2002; 33(3):525–31. Epub 2003/04/16. PMID: 12693587.

5. Dunne MW, Singh N, Shukla M, Valecha N, Bhattacharyya PC, Dev V, et al. A multicenter study of azi-

thromycin, alone and in combination with chloroquine, for the treatment of acute uncomplicated Plasmo-

dium falciparum malaria in India. J Infect Dis. 2005; 191(10):1582–8. Epub 2005/04/20. https://doi.org/

10.1086/429343 PMID: 15838784.

6. Dahl EL, Rosenthal PJ. Multiple antibiotics exert delayed effects against the Plasmodium falciparum

apicoplast. Antimicrob Agents Chemother. 2007; 51(10):3485–90. Epub 2007/08/19. https://doi.org/10.

1128/AAC.00527-07 PMID: 17698630; PubMed Central PMCID: PMC2043295.

7. Sidhu AB, Sun Q, Nkrumah LJ, Dunne MW, Sacchettini JC, Fidock DA. In vitro efficacy, resistance

selection, and structural modeling studies implicate the malarial parasite apicoplast as the target of azi-

thromycin. J Biol Chem. 2007; 282(4):2494–504. Epub 2006/11/18. https://doi.org/10.1074/jbc.

M608615200 PMID: 17110371.

8. Dahl EL, Rosenthal PJ. Apicoplast translation, transcription and genome replication: targets for antima-

larial antibiotics. Trends Parasitol. 2008; 24(6):279–84. Epub 2008/05/03. https://doi.org/10.1016/j.pt.

2008.03.007 PMID: 18450512.

9. Gaynor BD, Amza A, Kadri B, Nassirou B, Lawan O, Maman L, et al. Impact of mass azithromycin distri-

bution on malaria parasitemia during the low-transmission season in Niger: a cluster-randomized trial.

Am J Trop Med Hyg. 2014; 90(5):846–51. Epub 2014/03/13. https://doi.org/10.4269/ajtmh.13-0379

PMID: 24615132; PubMed Central PMCID: PMC4015576.

10. Chandra R, Ansah P, Sagara I, Sie A, Tiono AB, Djimde AA, et al. Comparison of azithromycin plus

chloroquine versus artemether-lumefantrine for the treatment of uncomplicated Plasmodium falciparum

malaria in children in Africa: a randomized, open-label study. Malar J. 2015; 14:108. Epub 2015/04/17.

https://doi.org/10.1186/s12936-015-0620-8 PMID: 25881046; PubMed Central PMCID: PMC4358906.

Mass azithromycin and malaria in Niger

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002835 June 25, 2019 14 / 15

https://doi.org/10.1056/NEJMoa1715474
https://doi.org/10.1056/NEJMoa1715474
http://www.ncbi.nlm.nih.gov/pubmed/29694816
https://doi.org/10.1086/516281
https://doi.org/10.1086/516281
http://www.ncbi.nlm.nih.gov/pubmed/9455524
https://doi.org/10.1086/515071
http://www.ncbi.nlm.nih.gov/pubmed/10028075
http://www.ncbi.nlm.nih.gov/pubmed/12693587
https://doi.org/10.1086/429343
https://doi.org/10.1086/429343
http://www.ncbi.nlm.nih.gov/pubmed/15838784
https://doi.org/10.1128/AAC.00527-07
https://doi.org/10.1128/AAC.00527-07
http://www.ncbi.nlm.nih.gov/pubmed/17698630
https://doi.org/10.1074/jbc.M608615200
https://doi.org/10.1074/jbc.M608615200
http://www.ncbi.nlm.nih.gov/pubmed/17110371
https://doi.org/10.1016/j.pt.2008.03.007
https://doi.org/10.1016/j.pt.2008.03.007
http://www.ncbi.nlm.nih.gov/pubmed/18450512
https://doi.org/10.4269/ajtmh.13-0379
http://www.ncbi.nlm.nih.gov/pubmed/24615132
https://doi.org/10.1186/s12936-015-0620-8
http://www.ncbi.nlm.nih.gov/pubmed/25881046
https://doi.org/10.1371/journal.pmed.1002835


11. Phong NC, Quang HH, Thanh NX, Trung TN, Dai B, Shanks GD, et al. In Vivo Efficacy and Tolerability

of Artesunate-Azithromycin for the Treatment of Falciparum Malaria in Vietnam. Am J Trop Med Hyg.

2016; 95(1):164–7. Epub 2016/05/25. https://doi.org/10.4269/ajtmh.16-0144 PMID: 27215294;

PubMed Central PMCID: PMC4944683.

12. Moore BR, Benjamin JM, Auyeung SO, Salman S, Yadi G, Griffin S, et al. Safety, tolerability and phar-

macokinetic properties of coadministered azithromycin and piperaquine in pregnant Papua New Guin-

ean women. Br J Clin Pharmacol. 2016; 82(1):199–212. Epub 2016/02/19. https://doi.org/10.1111/bcp.

12910 PMID: 26889763; PubMed Central PMCID: PMC4917786.

13. Oldenburg CE, Amza A, Kadri B, Nassirou B, Cotter SY, Stoller NE, et al. Annual Versus Biannual

Mass Azithromycin Distribution and Malaria Parasitemia During the Peak Transmission Season Among

Children in Niger. Pediatr Infect Dis J. 2018; 37(6):506–10. Epub 2017/11/01. https://doi.org/10.1097/

INF.0000000000001813 PMID: 29088030; PubMed Central PMCID: PMC5924654.

14. Benjamin-Chung J, Abedin J, Berger D, Clark A, Jimenez V, Konagaya E, et al. Spillover effects on

health outcomes in low- and middle-income countries: a systematic review. Int J Epidemiol. 2017; 46

(4):1251–76. Epub 2017/04/28. https://doi.org/10.1093/ije/dyx039 PMID: 28449030.

15. Basilion EV, Kilima PM, Mecaskey JW. Simplification and improvement of height-based azithromycin

treatment for paediatric trachoma. Trans R Soc Trop Med Hyg. 2005; 99(1):6–12. Epub 2004/11/20.

https://doi.org/10.1016/j.trstmh.2004.01.014 PMID: 15550255.

16. Oldenburg CE, Arzika AM, Maliki R, Kane MS, Lebas E, Ray KJ, et al. Safety of azithromycin in infants

under six months of age in Niger: A community randomized trial. PLoS Negl Trop Dis. 2018; 12(11):

e0006950. Epub 2018/11/13. https://doi.org/10.1371/journal.pntd.0006950 PMID: 30419040.

17. World Health Organization. Haemoglobin concentrations for the diagnosis of anaemia and assessment

of severity. In: Development DoNfHa, editor. Geneva, Switzerland: World Health Organization; 2011.

18. Guillebaud J, Mahamadou A, Zamanka H, Katzelma M, Arzika I, Ibrahim ML, et al. Epidemiology of

malaria in an area of seasonal transmission in Niger and implications for the design of a seasonal

malaria chemoprevention strategy. Malar J. 2013; 12:379. Epub 2013/11/01. https://doi.org/10.1186/

1475-2875-12-379 PMID: 24172107; PubMed Central PMCID: PMC3816780.

19. Julvez J, Develoux M, Mounkaila A, Mouchet J. [Diversity of malaria in the Sahelo-Saharan region. A

review apropos of the status in Niger, West Africa]. Diversite du paludisme en zone sahelo-saharienne.

Une revue a propos de la situation au Niger, Afrique de l’Ouest. Ann Soc Belg Med Trop. 1992; 72

(3):163–77. Medline:PMID: 1476465.

20. President’s malaria initiative, Niger, malaria operational plan FY 2017. 2017. Available from: https://

www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy17/fy-2017-

niger-malaria-operational-plan.pdf. [cited 2019 Mar 16].

21. Porco TC, Hart J, Arzika AM, Weaver J, Kalua K, Mrango Z, et al. Mass Oral Azithromycin for Childhood

Mortality: Timing of Death After Distribution in the MORDOR Trial. Clin Infect Dis. 2018. Epub 2018/12/

19. https://doi.org/10.1093/cid/ciy973 PMID: 30561577.

22. Herrera S, Enuameh Y, Adjei G, Ae-Ngibise KA, Asante KP, Sankoh O, et al. A systematic review and

synthesis of the strengths and limitations of measuring malaria mortality through verbal autopsy. Malar

J. 2017; 16(1):421. Epub 2017/10/24. https://doi.org/10.1186/s12936-017-2071-x PMID: 29058621;

PubMed Central PMCID: PMC5651608.

23. Sadiq ST, Glasgow KW, Drakeley CJ, Muller O, Greenwood BM, Mabey DC, et al. Effects of azithromy-

cin on malariometric indices in The Gambia. Lancet. 1995; 346(8979):881–2. Epub 1995/09/30. PMID:

7564674.

24. O’Brien KS, Cotter SY, Amza A, Kadri B, Nassirou B, Stoller NE, et al. Mass Azithromycin and Malaria

Parasitemia in Niger: Results from a Community-Randomized Trial. Am J Trop Med Hyg. 2017; 97

(3):696–701. Epub 2017/07/20. https://doi.org/10.4269/ajtmh.16-0487 PMID: 28722569; PubMed Cen-

tral PMCID: PMC5590561.

25. Chandramohan D, Dicko A, Zongo I, Sagara I, Cairns M, Kuepfer I, et al. Effect of Adding Azithromycin

to Seasonal Malaria Chemoprevention. N Engl J Med. 2019; 380:2197–2206. Epub 2019/01/31. https://

doi.org/10.1056/NEJMoa1811400 PMID: 30699301.

26. Gao D, Amza A, Nassirou B, Kadri B, Sippl-Swezey N, Liu F, et al. Optimal seasonal timing of oral azi-

thromycin for malaria. Am J Trop Med Hyg. 2014; 91(5):936–42. Epub 2014/09/17. https://doi.org/10.

4269/ajtmh.13-0474 PMID: 25223942; PubMed Central PMCID: PMC4228890.

Mass azithromycin and malaria in Niger

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002835 June 25, 2019 15 / 15

https://doi.org/10.4269/ajtmh.16-0144
http://www.ncbi.nlm.nih.gov/pubmed/27215294
https://doi.org/10.1111/bcp.12910
https://doi.org/10.1111/bcp.12910
http://www.ncbi.nlm.nih.gov/pubmed/26889763
https://doi.org/10.1097/INF.0000000000001813
https://doi.org/10.1097/INF.0000000000001813
http://www.ncbi.nlm.nih.gov/pubmed/29088030
https://doi.org/10.1093/ije/dyx039
http://www.ncbi.nlm.nih.gov/pubmed/28449030
https://doi.org/10.1016/j.trstmh.2004.01.014
http://www.ncbi.nlm.nih.gov/pubmed/15550255
https://doi.org/10.1371/journal.pntd.0006950
http://www.ncbi.nlm.nih.gov/pubmed/30419040
https://doi.org/10.1186/1475-2875-12-379
https://doi.org/10.1186/1475-2875-12-379
http://www.ncbi.nlm.nih.gov/pubmed/24172107
http://www.ncbi.nlm.nih.gov/pubmed/1476465
https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy17/fy-2017-niger-malaria-operational-plan.pdf
https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy17/fy-2017-niger-malaria-operational-plan.pdf
https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy17/fy-2017-niger-malaria-operational-plan.pdf
https://doi.org/10.1093/cid/ciy973
http://www.ncbi.nlm.nih.gov/pubmed/30561577
https://doi.org/10.1186/s12936-017-2071-x
http://www.ncbi.nlm.nih.gov/pubmed/29058621
http://www.ncbi.nlm.nih.gov/pubmed/7564674
https://doi.org/10.4269/ajtmh.16-0487
http://www.ncbi.nlm.nih.gov/pubmed/28722569
https://doi.org/10.1056/NEJMoa1811400
https://doi.org/10.1056/NEJMoa1811400
http://www.ncbi.nlm.nih.gov/pubmed/30699301
https://doi.org/10.4269/ajtmh.13-0474
https://doi.org/10.4269/ajtmh.13-0474
http://www.ncbi.nlm.nih.gov/pubmed/25223942
https://doi.org/10.1371/journal.pmed.1002835

