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Impact of Biannual Mass Azithromycin
Treatment on Enteropathogen Carriage
in Children <5 Years Old in Niger
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We analyzed samples obtained at baseline and 24 months in a
mass azithromycin administration trial in Niger using quan-
titative polymerase chain reaction. In villages randomized
to azithromycin, Shigella was the only pathogen reduced at
24 months (prevalence ratio, 0.36 [95% confidence interval:
.17-.79]; difference in log quantity, —.42 [-.75 to —.10]).
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The MORDOR 1 trial was a cluster-randomized placebo-
controlled trial demonstrating that biannual mass azithromycin
administration reduced the all-cause mortality rate in children
<5 years old in Niger, Malawi, and Tanzania [1]. Analysis of
verbal autopsies from communities enrolled in Niger found
reductions in malaria, dysentery, meningitis, and pneumonia
deaths [2], and most deaths in children <5 years old in sub-Sa-
haran Africa are attributed to infections [3]. Mass azithromycin
administration could reduce transmission of specific microbial
etiologies.

Understanding the effects of azithromycin in the MORDOR
I trial requires analysis of objective microbiologic end points.
Ninety-one communities from the 3 countries included in
MORDOR I were included in a parallel trial with the same in-
tervention and specimen collection [1]. We have previously
used quantitative polymerase chain reaction (PCR) testing to
identify enteric pathogens in similar settings [4]. In the current
study, we tested rectal swab samples obtained from children
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aged 1-59 months in 30 of these communities to evaluate the
impact on carriage of enteric pathogens.

MATERIALS AND METHODS

Study Design and Sample Collection

The MORDOR trial has been described elsewhere [1]. For
the microbiologic substudy, 30 communities from Niger
were randomized in a 1:1 ratio to biannual administration of
azithromycin or placebo. Rectal samples were obtained from
10 randomly selected children aged 1-59 months per commu-
nity at both baseline and 24 months and stored in DNA/RNA
Shield (Zymo Research). Sampling did not take into consid-
eration whether the child currently or recently had diarrhea.
These samples were previously analyzed by Doan et al [5] using
metagenomic RNA sequencing.

Sample Testing

All samples were placed on ice, stored at —20°C in Niger, and
then shipped on dry ice and stored at —80°C. DNA and RNA
were extracted with Norgen DNA and RNA isolation kits at
the University of California, San Francisco. We tested available
samples with quantitative PCR assays for 29 enteropathogens.
All procedures, including assay validation, quantitative PCR
setup, and quality control, have been described elsewhere [4, 6].
We included 1 no-template amplification control per 10 cards to
monitor for laboratory contamination.

Statistical Analysis

We modeled the association between intervention arm and
pathogen quantity and detection, both at baseline and at
24-month follow-up. For pathogen quantity, we transformed
cycle threshold (Ct) values to a log, scale and set pathogen
quantities for stool samples in which the pathogen was not de-
tected (Ct, 235) at half the limit of detection. We used general-
ized estimating equations to fit a linear model to estimate the
association between azithromycin arm and pathogen quantity,
with village as the cluster variable.

This modeling strategy performed equally well as a parametric
g-computation approach with a 2-part model, despite model
misspecification due to the zero-inflated semicontinuous out-
come data [7]. The models for the follow-up samples were ad-
justed for the village-level mean log quantity of that pathogen
at baseline to adjust for baseline differences in pathogens be-
tween villages. For pathogen detection, we estimated prevalence
ratios using log-binomial regression and prevalence differences
using log-linear regression. A Ct of 30 was used as the detection
cutoff to exclude detections of low pathogen quantities. Finally,
we estimated the association between the azithromycin arm
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and pathogen prevalence and quantity at follow-up, stratified
by age. All pathogens with a baseline prevalence of >2% were
included in the models. Analyses were performed using R soft-
ware (version 4.0.2; R Foundation for Statistical Computing).

RESULTS

Of 600 rectal swab samples, 540 (90.0%) had sufficient sample
for testing, including 263 at baseline (128 from villages ran-
domized to placebo and 135 from villages randomized to
azithromycin) and 277 at 24 months (140 from placebo and 137
from azithromycin villages). Five pathogens had a baseline prev-
alence >2%: enteroaggregative Escherichia coli (21.7%), Shigella
(14.1%), Campylobacter jejuni or Campylobacter coli (12.9%),
enterotoxigenic E. coli (11.8%), and typical enteropathogenic E.
coli (3.8%). The prevalence of Shigella was high, even in infants,
with Shigella detected in 8 of 60 samples (13.3%) from infants
aged 1-11 months and 55 of 343 (16.0%) from children aged
12-59 months, collected either at baseline or from villages re-
ceiving placebo at 24-month follow-up.

At baseline, there were no differences in pathogen quantity
by arm. In villages receiving azithromycin, Shigella log quan-
tity was lower after 24 months than in villages receiving placebo
(difference in log quantity, —0.42 [95% confidence interval (CI):
—.75 to —.10]) (Figure 1A). This reduction was apparent across
ages groups, with a reduction demonstrated in both infants
(difference, —0.67; [95% CI: —1.35 to .01]) and older children
(-0.38 [-.72 to —.04]). Similarly, there was no baseline differ-
ence in pathogen prevalence between arms, while at 24 months,
the prevalence of Shigella in samples from villages randomized
to azithromycin was 64% lower than in samples from villages
receiving placebo (prevalence ratio, 0.36; 95% CI: .17-.79)
(Figure 1B), corresponding to an absolute prevalence difference
of =11.1% (-19.4% to —2.8%).

The point estimate of the prevalence ratio was 64% in
both age groups (prevalence ratio, 0.36 [95% CI: .09-1.42]
for children aged 1-11 months and 0.36 [.17-.79] for those
aged 12-59 months). Within the age categories defined in the
MORDOR trial, the prevalence of Shigella at 24 months for
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Figure 1. Impact of biannual mass azithromycin treatment on enteric pathogen carriage in the MORDOR | study of children <5 years of age in Niger. All pathogens with
a baseline prevalence >2% were included, and 24 month estimates for each pathogen are adjusted for the village-level mean log quantity of that pathogen at baseline. A,
Difference in pathogen log quantity between treatment arms at baseline and 24 months. B, Prevalence ratios (ratio of azithromycin arm to placebo arm) at baseline and
24 months. Abbreviations: C. coli, Campylobacter coli; C. jejuni, Campylobacter jejuni; Cl, confidence interval; EAEC, enteroaggregative Escherichia coli; ETEC, enterotoxigenic

E. coli; tEPEC, typical enteropathogenic £. coli.
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villages receiving placebo versus those receiving azithromycin
was as follows: age 1-5 months, 3 of 10 (30%) versus 0 of 12
(0%), respectively; age 6-11 months, 2 of 13 (15.4%) versus 2
of 9 (22.2%); age 12-23 months, 8 of 29 (27.6%) versus 4 of 30
(13.3%); and age 24-59 months, 13 of 88 (14.8%) versus 4 of
86 (4.7%). No other differences in pathogen quantity or prev-
alence were seen.

DISCUSSION

This analysis from the Niger cohort of MORDOR I showed a
substantial reduction in Shigella quantity and prevalence among
villages that received biannual azithromycin compared with
placebo. These findings have implications for interventions to
reduce Shigella infection, are consistent with the reduction in
dysentery by verbal autopsy in Niger, and may partly explain
the mortality benefit observed in the original study.

This reduction in Shigella carriage is plausible, because
azithromycin is effective at reducing Shigella in stool samples
[8]. Humans are the only natural hosts of Shigella, transmis-
sion is fecal-oral with a low infecting dose, and postdiarrheal
shedding can be prolonged [9]. While several bacterial
enteropathogens are susceptible to azithromycin, restriction
to human hosts distinguishes Shigella from other pathogens of
high prevalence in these settings, including diarrheagenic E. coli
and most Campylobacter species. This host restriction should
make Shigella particularly susceptible to a mass drug adminis-
tration program, because the presence of a nonhuman reservoir
is a fundamental limitation [10].

These findings suggest that a reduction in Shigella infec-
tions could have been partly responsible for the mortality ben-
efit seen in MORDOR 1. The benefit was most pronounced in
Niger and increased over the course of the intervention, con-
sistent with interruption of pathogen transmission [1]. Verbal
autopsies from the Niger cohort found diarrhea to be the third
most common cause of death and identified a 35% reduction in
dysentery in villages randomized to azithromycin [2]. Previous
work has revealed significant underdetection of Shigella using
culture, and the application of quantitative molecular diagnos-
tics have implicated Shigella as a major cause of watery diarrhea
as well as the primary cause of dysentery [4].

The largest mortality rate reduction in MORDOR I was seen
in infants [1]. Shigella is thought to be relatively uncommon in
infants, with prevalence increasing in the second year of life [4].
However, Shigella was identified as a common cause of mod-
erate to severe diarrhea in infants enrolled in a rotavirus clin-
ical trial conducted in Niger [11]. In addition, the high baseline
prevalence of Shigella observed in infants in this study suggests
a high force of infection. In a prior multisite cohort study, the
prevalence of Shigella by the same diagnostic in nondiarrheal
stool samples from infants 0-11 months of age was only 7.2% in
Tanzania, and all other sites in the study had a prevalence <3%
[4]. Thus, the absolute reduction in Shigella carriage observed in

the current study was high and, if consistent with a reduction in
clinical shigellosis, may have contributed to the observed mor-
tality benefit.

Several limitations should be noted. First, the sample size
was powered for an analysis of microbiota composition, and
smaller effects or effects on less common pathogens may there-
fore have been missed [5]. Second, a previous analysis of these
samples using metagenomic RNA sequencing did not identify
a reduction in Shigella [5]. The high degree of similarity be-
tween Shigella and E. coli may also have limited classification to
Shigella spp. in comparison with the targeted amplification of
a differentiating gene [12], or targeting RNA from rectal swab
samples may have reduced sensitivity [6]. Third, we could not
evaluate the reduction in relative abundance of Campylobacter
upsaliensis identified in the aforementioned study because we
did not include an assay for that species [5]. Finally, the target
used for Shigella, the invasion plasmid antigen H gene sequence
(ipaH), is conserved between Shigella and enteroinvasive E. coli.
However, the latter is relatively rare, and this target is frequently
used for detection of Shigella [4, 13, 14]

In summary, we found a significant reduction in Shigella
carriage from a high baseline among children 1-59 months
of age in villages that received biannual azithromycin instead
of placebo. Together with reports demonstrating a substantial
decrease in dysentery incidence, these findings suggest that a
reduction in Shigella infections may have contributed to the ob-
served reduction in mortality rate.

Notes

Financial support. This work was supported by the Bill & Melinda Gates
Foundation (grant OPP1179069 to E. R. H.).

Potential conflicts of interest. The authors: No reported conflicts of
interest. All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider relevant to
the content of the manuscript have been disclosed.

References

1. Keenan JD, Bailey RL, West SK, et al. Azithromycin to reduce childhood mortality
in sub-Saharan Africa. N Engl ] Med 2018; 378:1583-92.

2. Keenan JD, Arzika AM, Maliki R, et al. Cause-specific mortality of children
younger than 5 years in communities receiving biannual mass azithromycin treat-
ment in Niger: verbal autopsy results from a cluster-randomised controlled trial.
Lancet Glob Health 2020; 8:¢288-95.

3. Liu L, Oza S, Hogan D, et al. Global, regional, and national causes of under-5
mortality in 2000-15: an updated systematic analysis with implications for the
Sustainable Development Goals. Lancet 2016; 388:3027-35.

4. Platts-Mills JA, Liu J, Rogawski ET, et al. Use of quantitative molecular diagnostic
methods to assess the aetiology, burden, and clinical characteristics of diarrhoea
in children in low-resource settings: a reanalysis of the MAL-ED cohort study.
Lancet Global Health 2018; 6:1309-18.

5. Doan T, Hinterwirth A, Worden L, et al. Gut microbiome alteration in MORDOR
I: a community-randomized trial of mass azithromycin distribution. Nat Med
2019; 25:1370-6.

6. Liu J, Gratz ], Amour C, et al. Optimization of quantitative PCR methods for
enteropathogen detection. PLoS One 2016; 11:¢0158199.

7. Rogawski McQuade ET, Platts-Mills JA, Gratz ], et al. Impact of water quality,
sanitation, handwashing, and nutritional interventions on enteric infections in
rural Zimbabwe: the Sanitation Hygiene Infant Nutrition Efficacy (SHINE) Trial.
] Infect Dis 2020; 221:1379-86.

8. Houpt ER, Ferdous T, Ara R, et al. Clinical outcomes of drug-resistant shigellosis
treated with azithromycin in Bangladesh. Clin Infect Dis 2021; 72:1793-8.

BRIEF REPORT « CID 2022:75 (1 August) « 517



9. McMurry TL, McQuade ETR, Liu J, et al. Duration of post-diarrheal enteric path-

ogen carriage in young children in low-resource settings. Clin Infect Dis 2021;
72:e806-e814.

10. Webster JP, Molyneux DH, Hotez PJ, Fenwick A. The contribution of mass drug

administration to global health: past, present and future. Philos Trans R Soc Lond
B Biol Sci 2014; 369:20130434. Available at: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4024227/ Accessed 11 June 2021.

. Platts-Mills JA, Houpt ER, Liu J, et al. Etiology and incidence of moderate-to-severe

diarrhea in young children in Niger. ] Pediatr Infect Dis Soc 2021; 10:1062-70.

. Hazen TH, Leonard SR, Lampel KA, Lacher DW, Maurelli AT, Rasko DA.

Investigating the relatedness of enteroinvasive Escherichia coli to other E. coli
and Shigella isolates by using comparative genomics. Infect Immun 2016;
84:2362-71.

. LiuJ, Almeida M, Kabir F, et al. Direct detection of Shigella in stool specimens by

use of a metagenomic approach. J Clin Microbiol 2018; 56:¢01374-17.

. Liu J, Pholwat S, Zhang J, et al. Evaluation of molecular serotyping as-

says for Shigella flexneri directly on stool samples. J Clin Microbiol 2021;
59:€02455-20.

518 « CID 2022:75 (1 August) « BRIEF REPORT


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4024227/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4024227/

