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Abstract. Campylobacter has emerged as a potential important cause of childhood morbidity in sub-Saharan Africa.
Biannual mass azithromycin distribution has previously been shown to reduce all-cause child mortality in sub-Saharan
Africa.We conducted a randomized controlled trial in Burkina Faso inwhich childrenwere randomized in a 1:1 fashion to a
5-day course of azithromycin or placebo to investigate the effect of oral antibiotics on the gut microbiome. We evaluated
the changes in the gutmicrobiome of preschool children treatedwith azithromycin usingmetagenomic DNA sequencing.
We found that three Campylobacter species were reduced with azithromycin treatment compared with placebo. These
results were consistent with other studies that have shown decreases in Campylobacter species after azithromycin
treatment, generating the hypothesis that a decrease in Campylobacter may contribute to observations of reduction in
mortality following azithromycin distribution.

INTRODUCTION

Mass azithromycin distribution has been shown to reduce
all-cause child mortality in some settings in sub-Saharan
Africa.1,2 The precise mechanism behind this action is unclear
but presumably is mediated through the effect of azithromycin
on pathogenic organisms, including those that cause diarrhea.
Although there has been a reduction in diarrhea-related mor-
tality in children younger than 5 years, it remains an important
cause of death in children in sub-Saharan Africa.3 Recently,
Campylobacter species have been shown to be of increasing
importance in the etiology of childhood diarrhea infection in
developingsettings.4,5Givenconcerns related tofluoroquinolone
resistance, azithromycin is the first-line treatment for campylo-
bacteriosis requiring antibiotic treatment.6 A reduction in Cam-
pylobacter species was recently demonstrated in communities
receivingmass azithromycin distribution comparedwith placebo
in Niger.7,8 Hypothetically, a population reduction in Campylo-
bacter species burdenmay reduce transmission in communities,
which may reduce diarrhea-related mortality.
Several strategies for the distribution of azithromycin for the

prevention of child mortality are being considered. Mass
treatment has advantages in that entire communities can be
treated efficiently at a single time point. Alternative strategies
could include distribution from a fixed point, such as in-
tegration with childhood vaccination visits.9 Individual distri-
bution may affect transmission or burden of pathogens
differently than community distribution. Here, we evaluated
the short-term effect of a course of azithromycin compared
with placebo on the detection of Campylobacter species in
preschool children in rural Burkina Faso individually random-
ized to azithromycin or placebo.

METHODS

Participants. This is a secondary analysis of a randomized
controlled trial designed to evaluate the effect of a single

course of antibiotics on the gut microbiome in children aged
6–59months inNouna district, Burkina Faso, in July 2017.10 The
study took place in two communities in the Nouna Health and
Demographic Surveillance System in rural northwestern Burkina
Faso.Householdswithat least twochildrenyounger than5years
based on themost recent Health andDemographic Surveillance
Site census were eligible for inclusion. Children were eligible if
they were aged between 6 and 59 months and with parental
consent. There were no exclusions based on preexisting mor-
bidity or antibiotic use. The study was approved by the in-
stitutional review boards at the University of California San
Francisco, San Francisco, CA, and the Centre de Recherche en
Santé de Nouna in Nouna, Burkina Faso. Written informed
consent was obtained from the caregiver of each child.
Trial design. Complete trial methods have been previously

reported.10–12 Households were randomized in a 1:1:1:1
fashion to a 5-day course of azithromycin, amoxicillin, cotri-
moxazole, or placebo. In households with more than two
children, two children were randomly chosen to participate in
the study from each household. In each household, one child
was randomly assigned to receive antibiotic and the other to
placebo (in placebo households, both children received pla-
cebo). The present analysis was limited only to households
randomized to azithromycin or placebo, as the study question
was related to the effect of azithromycin on Campylobacter
species, and only to children who received the household’s
random treatment assignment (e.g., in azithromycin house-
holds, the child who received azithromycin, and in placebo
households, one child who had received placebo). We fo-
cused on the azithromycin arm because azithromycin distri-
bution was associated with a reduction of Campylobacter in
the gut of children in Niger7,8 although it was unclear if the
same effect would be seen in Burkina Faso. Children were
evaluated at baseline (pretreatment) and 5 days after the last
antibiotic dose (posttreatment).
Intervention. Study medication was prepared as pediatric

oral suspension, and dosingwasweight based using baseline
anthropometric assessments. Azithromycin dosing was
based on the lower end of the standard pediatric dosing for
mild-to-moderate infection (one 10 mg/kg dose on the first
day followed by 5mg/kg daily for 4 days). Study staff prepared
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placebo as a mixture of powdered milk, sugar, and bottled
water. Study medications were prepared in opaque syringes
labeled for each child, prepared fresh each day. Treatment
wasadministered fromacentral point in each community,with
a community mobilizer visiting the homes of participating
children to ask them to come to the distribution point for
treatment. All study doses were directly observed, and treat-
ment was recorded for each child, including reasons for
missing a treatment.
Outcome assessment. Rectal samples were collected in

the field during the baseline and posttreatment visits and
placed on Stool Nucleic Acid Collection and Transport Tube
with Norgen Stool Preservative (Norgen, Ontario, Canada) at
ambient temperature. Samples were stored at the Centre de
Recherche en Santé de Nouna laboratory at the end of each
collection day at −80�C until they were shipped to the United
States. Samples were shipped on ice packs and stored
at −80�C at the Proctor Foundation until processing. Samples
wereplaced in a randomorder beforeprocessingandwerede-
identified, and all laboratory personnel were masked to the
child’s treatment assignment. Thirty samples from each arm
weresubjected toDNA-seq.12Briefly,DNAwasextractedusing
the Norgen stool DNA isolation kits (Norgen) as per the manu-
facturer’s instructions. Each sample was quantified using the
Qubit® RNA HS Assay Kit (ThermoFisher Scientific, Waltham,
MA), and 25 ng of DNAwas used to prepare sequencing library
after fragmentationusing theNEBNextUltra II DNALibraryPrep
Kit (E7645, New England BioLabs, Ipswich, MA) according to
themanufacturer’s recommendationand thenamplifiedwith11
PCR cycles. Samples were sequenced on the NovaSeq using
150-nucleotide paired-end sequencing.
Data analysis. Sequencing reads were analyzed using an

in-house computational pipeline.7 Briefly, an initial human-
sequence removal step was accomplished as previously
described.13 Unaligned reads were quality filtered using Pri-
ceSeqFilter with the “-rnf 90” and “-rqf 85 0.98” settings.14

Reads passing quality control were then subjected to dupli-
cate removal. Paired readswere then assessed for complexity
by compression with the Lempel-Ziv-Welch algorithm.15

Another round of human reads removal was performed using
the very sensitive local mode of Bowtie2 (v. 2.2.4) with the
same hg38 and Pantroglodytes genome (panTro4, 2011,
UCSC).16 The remaining nonhost read pairs were then passed
onto Centrifuge (1.0.3) to align to the entire NCBI non-
redundant reference database. DESeq2 (v. 1.22.1) was used
to compare the relative changes in abundances of individual
microbial taxa between the treatment groups at the genus and
species levels.17 Only taxa that presented in 25%or greater in
thedatasetwere used.Differentially abundant taxawith a false
discovery rate < 0.01 and a 4-fold change were considered as
notable.

RESULTS

Of 62 enrolled children who were randomized to either azi-
thromycin or placebo, 31 children in the azithromycin arm and
30 children in the placebo arm had a rectal swab collected
at both baseline and posttreatment (Figure 1). Baseline
characteristics for the study population have been previously
reported.12 At the genus level, a single 5-day course of azi-
thromycin resulted in a reduction of 10 genera compared with
placebo, including Campylobacter (Figure 2A). At a higher
resolution at the species level, 48organismsweredifferentially
detected in the gut between treatment arms (Figure 2B andC).
Of those organisms, Campylobacter jejuni, Campylobacter
ureolyticus, and Campylobacter hominis were reduced in
children treated with azithromycin (Figure 2B). At baseline,
these same Campylobacter species were not statistically dif-
ferent between groups.

DISCUSSION

Mass drug distribution of azithromycin reduces childhood
mortality in Nigerien preschool children in a large simple ran-
domized controlled trial. Although the effects of azithromycin
onchildhoodmortality is likely tobemultifactorial, a reductionof
abundance in Campylobacter species was seen at 6 months
after the fourth biannual mass azithromycin distribution at the

FIGURE 1. Consolidated Standards Of Reporting Trials (CONSORT) flow diagram of enrolled participants.
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community level. In a separate study in the same region of
Niger, individually treated children also showed a relative re-
duction in Campylobacter at the genus level 5 days after azi-
thromycin treatment compared with the placebo-treated

children.8 Therefore, Campylobacter as a group appeared to
be strongly modulated by azithromycin shortly after treatment,
and this effect is also prolonged to 6 months after the last
treatment in preschool children in Niger.

FIGURE 2. Effects of azithromycin on the gutmicrobiomeof preschool children. Volcanoplot of relative abundancedistribution of gut bacteria at the genus
level (A) and at the species level (B). (C) Normalized abundance, arranged by unsupervised hierarchical clustering, reflecting increased abundance (yellow) or
decreasedabundance(blue)ofspecies (columns) foreachchild (rows).Forty-eightdifferentialspecies identifiedwithafalsediscoveryrate<0.01andlog2FC>2
(two-sidednegativebinomialWald testwithBenjamini–Hochbergcorrection formultiplecomparisons).Campylobacterspeciesarebolded.Thisfigureappears
in color at www.ajtmh.org.
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Here, we showed that the abundance of three Campylo-
bacter species (C. jejuni, C. ureolyticus, and C. hominis) was
acutely reduced in individually azithromycin-treated children
in Burkina Faso. Whereas Campylobacter jejuni is well docu-
mented to cause diarrhea and neurological sequelae, the role
of Campylobacter hominis and Campylobacter ureolyticus in
gastrointestinal disturbances has not been appreciated until
recently. In a study by Bullman and others,18 Campylobacter
ureolyticus–related campylobacteriosis was noted to be the
second highest causative agent, higher than that of
Campylobacter coli, in Southern Ireland. In addition,
Campylobacter hominis and Campylobacter ureolyticus have
been associated with inflammatory states such as ulcerative
colitis.19,20Wewere, however, unable to detect a difference in
diarrheal episodes between treatment groups.11 Campylo-
bacter hominis andCampylobacter ureolyticus had higher fold
changes and typically are not associated with acute diarrhea,
which may partially explain this finding.
Burkina Faso shares a border with Niger, and the two

countries are similar geographically. In this study area, ap-
proximately one-third of the population practices open defe-
cation.21 Therefore, Campylobacter transmission through
human-to-human interactions may be more prevalent than
what is observed in the developed world, where most of the
transmission is through contaminated livestock such as
chicken. In the rural setting of Burkina Faso, treatment at the
individual or community levelmay equally have thepotential to
decrease transmission and improve childhood mortality, al-
though at the cost of increasing macrolide resistance.12

Limitations of this study include the short duration of follow-
up of 5 days and the sample storage condition that prevented
phenotypic analysis of the gut microorganisms. In addition,
the small number of children, coupled with the short study
duration, precludes mortality analysis. Longer term studies
are needed to evaluate the repopulation of Campylobacter
species after antibiotic intake. Although we asked caregivers
about adverse events including diarrhea during treatment,11

this study was not designed to measure clinical diarrhea, and,
thus, this studywasunable todetect anyeffect of treatment on
Campylobacter-related diarrhea.
In summary, a single course of azithromycin decreased the

load ofmultipleCampylobacter species in the gutmicrobiome
of preschool children in Burkina Faso. It remains to be seen if
this acute change translates to a biologically relevant effect
such as a reduction in childhood mortality or improved health
outcomes for children.
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