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Abstract. Antibiotics are recommended by the WHO as part of the management of uncomplicated severe acute mal-
nutrition in children. We evaluated whether azithromycin, an antibiotic with antimalarial properties, improved malarial par-
asitemia outcomes in children with severe acute malnutrition compared with amoxicillin, an antibiotic commonly used for
severe acute malnutrition that does not have antimalarial properties. Total of 301 children were randomized (1:1) to a sin-
gle oral dose of azithromycin or a 7-day course of amoxicillin and followed for 8 weeks. We found no significant evidence
that children receiving azithromycin had improved parasitemia outcomes relative to amoxicillin. Although azithromycin
may have advantages over amoxicillin in terms of dosing and administration for uncomplicated severe acute malnutrition,
it may not yield additional benefit for malaria outcomes.

INTRODUCTION

WHO guidelines for uncomplicated severe acute malnutri-
tion include treatment with a broad-spectrum antibiotic due
to the potential for asymptomatic infection when the immune
system is suppressed.1,2 In many settings, the most
commonly-used antibiotic is a 5- to 7-day course of amoxi-
cillin. The evidence base for the use of antibiotics in uncom-
plicated severe acute malnutrition is mixed, with one study
in Niger demonstrating no significant benefit of amoxicillin
and another in Malawi showing significantly improved out-
comes in children receiving amoxicillin versus placebo.3,4

Routine antibiotics for uncomplicated severe acute malnutri-
tion may be beneficial in treating asymptomatic infection,
however may unnecessarily contribute to selection for antibi-
otic resistance if used at large scale in children without
established infection. Other classes of antibiotics may have
additional benefits in children with severe acute malnutrition.
Azithromycin has been previously shown to have some
activity against the apicoplast in Plasmodium falciparum
in vitro.5,6 In population-based studies, a reduction in
malaria parasitemia and mortality has been observed in
communities receiving mass azithromycin distribution
compared with placebo.7,8 Although azithromycin is not
adequate as monotherapy for treatment of malaria, it may
provide some protection against malaria infection during
recovery from severe acute malnutrition.
Here, we present results of a prespecified secondary anal-

ysis of a trial of azithromycin versus amoxicillin for severe
acute malnutrition, comparing malarial parasitemia 8 weeks
following admission to an outpatient nutritional program
in Burkina Faso. We then evaluated whether children
with malarial parasitemia at baseline had a differential
response to azithromycin versus amoxicillin treatment in
anthropometric outcomes over their 8-week treatment

course. We hypothesized that malarial parasitemia would be
lower in children receiving azithromycin compared with
amoxicillin, and that children with malarial parasitemia at
baseline would have greater response to treatment if they
received azithromycin compared with amoxicillin.

MATERIALS AND METHODS

Complete methods for the trial have been previously
reported.9 In brief, we conducted a 1:1 randomized con-
trolled trial of single dose oral azithromycin (20 mg/kg) com-
pared a 7-day course of oral amoxicillin (standard of care)
among children aged 6–59 months with uncomplicated
severe acute malnutrition. This study was conducted in six
Centers de Sant�e et de Promotion Sociale in Boromo Dis-
trict, Burkina Faso, which are primary healthcare facilities
that offer basic preventative and curative care, including an
outpatient nutritional program. The study was reviewed and
approved by the Institutional Review Boards at the Univer-
sity of California, San Francisco and the Comit�e Institution-
nel d’Ethique at the Center de Recherche en Sant�e de
Nouna. Written informed consent was obtained from the
caregiver of each child.
The study was conducted from June through December

2020, which coincides with the rainy season and high malnu-
trition season.10 Seasonal malaria chemoprevention (SMC)
is distributed monthly from July through October to all chil-
dren aged 3–59 months, and children in this study were eligi-
ble to receive SMC routinely. Participants were eligible if
they were aged 6–59 months, had mid-upper arm circumfer-
ence (MUAC) , 11.5 cm and/or weight-for-height Z-score
(WHZ) ,3, and did not have any clinical complications
requiring inpatient treatment. Participants were recruited via
malnutrition screening days at the health facilities and
community-based screening by community health workers.
At baseline, caregivers completed a demographic, socioeco-
nomic, and dietary survey.
Anthropometric measurements including weight (Seca

874dr scale, Seca, Germany), height (ShorrBoard Infant/
Child Measuring Board, Weight and Measure, LLC, Olney,
MD), and MUAC (Shorr Child MUAC tape, Weight and
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Measure, LLC) were collect from each child at enrollment,
weekly until nutritional recovery, and at 8 weeks for all chil-
dren. Anthropometric measurements were collected in tripli-
cate and the median was used for analyses. All children
were tested for malaria using a malaria rapid diagnostic test
(RDT; SD Bioline Malaria Ag P.f/Pan, Abbott, Abbott Park, IL)
and had a tympanic temperature measurement at enrollment
and 8 weeks. The RDT was considered positive if the HRP2
(Plasmodium falciparum) and/or pLDH (Plasmodium species)
bands were positive. Children with a positive RDT were
referred for care. Hemoglobin was measured in a subset of
children in four of the six healthcare facilities due to supply
shortages at baseline and 8 weeks (HemoCue, €Angelholm,
Sweden). Children with fever at each routine time point for
the nutritional program received an RDT and appropriate
treatment if the RDT was positive outside of the study. At
each study time point, we recorded whether the child had
received medical care for malaria since their last study visit.
The sample size for the trial was based on the trial’s pri-

mary outcome, weight gain in g/kg/day.9 For malaria out-
comes, assuming a 10% prevalence of malarial parasitemia
at baseline and 150 children per arm, we estimated that we
would have at least 80% power to detect an absolute differ-
ence of 7.8% in malarial parasitemia positivity in children
receiving azithromycin compared with amoxicillin. We used
an unadjusted logistic regression model to estimate odds
ratios in children randomized to azithromycin compared
with amoxicillin for malarial parasitemia positivity by RDT,
RDT positivity plus fever (tympanic temperature $37.5�C),
and anemia (hemoglobin ,11g/dL). We used a linear
regression model to evaluate mean differences in hemoglo-
bin as a continuous variable in children randomized to azith-
romycin compared with amoxicillin. As a sensitivity analysis
because RDTs can remain positive for many weeks and
because children with a positive RDT received antimalarials
(artemether lumefantrine),11 we restricted analyses only to
those with a negative baseline RDT. To evaluate whether
children with malaria and without malaria at baseline had
differential change in weight over the 8-week study period
in g/kg/day, we constructed a linear regression model with
an interaction term for randomized treatment group by
baseline malarial parasitemia status. All analyses were con-
ducted in R v3.6.2 (The R Foundation for Statistical
Computing).

RESULTS

Of 301 children enrolled, 161 were randomized to azithro-
mycin and 140 were randomized to amoxicillin (Supplemen-
tal Figure 1). Baseline RDT positivity was 12% (amoxicillin:
12.1%; azithromycin: 11.8%; Supplemental Table 1). At
8 weeks, RDT positivity was 11.2% in the amoxicillin group
versus 8.7% in the azithromycin group (odds ratio [OR] 5
0.75 azithromycin versus amoxicillin, 95% confidence inter-
val [CI] 5 0.34–1.63, P 5 0.46). There was no evidence of a
difference in fever, positive RDT plus fever by arm, hemoglo-
bin, anemia, or clinic visits (Table 1). Sensitivity analyses
restricting only to children with a negative baseline RDT did
not qualitatively affect results (Supplemental Table 2).
We found no evidence of a difference in weight gain

among children receiving azithromycin compared with
amoxicillin over the 8-week study period who were RDT pos-
itive (N 5 36) versus negative (N 5 265) at baseline (P for
interaction 5 0.79). Mean difference in weight gain in chil-
dren receiving azithromycin compared with amoxicillin who
were RDT positive at baseline was 0.05 g/kg/day (95% CI 5
1.2–3.3 g/kg/day, P5 0.94) and in those who were RDT neg-
ative was 20.13 g/kg/day (95% CI 5 0.6–0.3 g/kg/day, P 5

0.58). Figure 1 shows mean weight by study arm at each
study time point. There was no evidence of a difference in
weight over time in children randomized to azithromycin
compared with amoxicillin by malaria positivity.

DISCUSSION

We found no evidence of a difference in malarial parasite-
mia as detected by RDT 8 weeks after enrollment in children
with severe acute malnutrition receiving azithromycin com-
pared with amoxicillin. The proportion of children with
malarial parasitemia at baseline and over the follow-up
period was lower than has been previously reported in stud-
ies of severe acute malnutrition in the Sahel.12 The Sahel
experiences seasonal fluctuations in malnutrition, with the
malnutrition season occurring during the rainy season lead-
ing up to the annual harvest.13 The rainy season coincides
with the malaria season, during which malaria transmission
and mortality is highest.10,12,14 Although the relationship
between malaria infection and acute malnutrition is
unclear,15 malnutrition may predispose children to infection

TABLE 1
Malaria outcomes at 8 weeks by study arm (N 5 284)

Azithromycin
(N 5 150)

Amoxicillin
(N 5 133)

Odds Ratio or Mean
Difference (95% CI) P value

Positive RDT for malaria 13 (8.7%) 15 (11.2%) 0.75 (0.34 to 1.63) 0.46
Fever* 7 (4.7%) 5 (3.7%) 1.26 (0.39 to 4.36) 0.70
Positive RDT plus fever* 6 (4.0%) 4 (3.0%) 1.35 (0.38 to 5.40) 0.64
Hemoglobin, g/dL2 9.2 (1.2) 9.3 (1.5) 20.07 (20.44 to 0.30) 0.70
Anemia (, 11.0 g/dL)† 94 (92.2%) 81 (86.2%) 1.93 (0.77 to 5.09) 0.17
Received medical care since last study visit‡

Week 1 5 (3.3%) 7 (5.2%) 0.62 (0.18 to 1.98) 0.42
Week 2 6 (3.9%) 7 (5.1%) 0.75 (0.24 to 2.32) 0.62
Week 3 8 (5.5%) 5 (3.7%) 1.50 (0.49 to 5.06) 0.49
Week 4 6 (4.1%) 5 (3.8%) 1.08 (0.32 to 3.83) 0.90
Week 8 9 (6.3%) 9 (7.5%) 0.83 (0.32 to 2.21) 0.71
CI5 confidence interval; RDT5 rapid diagnostic test.
* Fever defined as tympanic temperature. 37.5�C.
† In subset with hemoglobin measurements at 8 weeks (N5 196).
‡Received care at a primary healthcare facility per caregiver report.
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or make it more difficult to recover, and malaria infection
may predispose children to acute weight loss. Administra-
tion of an antibiotic with antimalarial properties could hypo-
thetically be useful if it improved both nutritional and malaria
outcomes. A larger study that could detect smaller but still

meaningful differences in malaria outcomes—such as the
25% relative reduction estimated in this study—would
improve understanding of azithromycin’s effect on malaria
infection in children with uncomplicated severe acute
malnutrition.
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FIGURE 1. Mean weight at each study time point by randomized treatment group and among children with (A) and without (B) malaria infection
at baseline. Grey lines indicate measurements in children randomized to amoxicillin and black lines to azithromycin. Points indicate the mean
weight measurement at each time point and bars indicate the 95% confidence interval.
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Because malaria infection is thought to contribute to
weight loss in children, we hypothesized that children ran-
domized to an antibiotic with antimalarial properties may
have better outcomes if they also had malaria at baseline
compared with those receiving an antibiotic without antima-
larial properties. Although numbers for subgroup analyses
were small, we did not find evidence of a difference in
response to azithromycin compared with amoxicillin among
those with and without malarial parasitemia at baseline. A
previous study evaluating the relationship between malaria
and nutritional status in Niger found no evidence of effect
modification of the relationship between communities
receiving biannual mass azithromycin distribution to children
compared with placebo.16 Although azithromycin has anti-
malarial properties in vivo5 and has been shown to reduce
parasitemia when administered to entire communities of
children,7 it is a weak antimalarial and may only have limited
antimalarial effects when administered at the individual level.
The primary analysis did not find evidence of a difference in
weight gain between children receiving azithromycin and
amoxicillin,17 and this result does not appear to be moder-
ated by malarial parasitemia.
This study has several limitations. The parent study was

designed as a pilot study for a full-scale randomized con-
trolled trial9 and thus confidence intervals were wide for
most outcomes. Subgroup analyses were especially under-
powered, given the relatively few malaria cases at baseline.
The study used a single point measurement of malarial para-
sitemia using an RDT. The use of a single-point measure-
ment is a poor surrogate for incidence or prevalence of
infection over the course of the study, as some children may
have been infected during the course of the study and sub-
sequently recovered and were no longer antigenemic.
HRP2-based RDTs can have imperfect specificity and sensi-
tivity due to persistent antigenemia after treatment of malaria
and among lower parasite density infections.18 Further,
febrile children were screened for malaria and received treat-
ment if positive by RDT routinely outside of the study. We
did not record specific diagnoses, but overall receipt of med-
ical care was infrequent and nondifferential by arm, suggest-
ing that overall results were likely not affected by diagnosis
of malaria and subsequent receipt of antimalarials during the
study period. Malarial parasitemia prevalence was lower in
this study than anticipated. This may have been due in part
to SMC distributions or other malaria interventions
co-occurring at the time of the study. We did not collect data
as to whether children enrolled in the study received SMC,
although all were eligible for up to four rounds of SMC and
distributions were ongoing in the study area during our
enrollment period. We did not collect data on other malaria
intervention activities such as bed net use during the study.
We found no evidence that azithromycin significantly

improved malarial parasitemia 8 weeks after administration
in children with uncomplicated severe acute malnutrition. If
azithromycin were to be considered as an alternative antibi-
otic to amoxicillin for routine treatment of severe acute mal-
nutrition, it may not be sufficient to prevent or treat malaria
infection in these children.
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