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Abstract

Background

Mass azithromycin distributions have been shown to reduce mortality among pre-school

children in sub-Saharan Africa. It is unclear what mediates this mortality reduction, but one

possibility is that antibiotics function as growth promoters for young children.

Methods and findings

24 rural Ethiopian communities that had received biannual mass azithromycin distributions

over the previous four years were enrolled in a parallel-group, cluster-randomized trial.

Communities were randomized in a 1:1 ratio to either continuation of biannual oral azithro-

mycin (20mg/kg for children, 1 g for adults) or to no programmatic antibiotics over the 36

months of the study period. All community members 6 months and older were eligible for the

intervention. The primary outcome was ocular chlamydia; height and weight were measured

as secondary outcomes on children less than 60 months of age at months 12 and 36. Study

participants were not masked; anthropometrists were not informed of the treatment alloca-

tion. Anthropometric measurements were collected for 282 children aged 0–36 months at

the month 12 assessment and 455 children aged 0–59 months at the month 36 assessment,

including 207 children who had measurements at both time points. After adjusting for age

and sex, children were slightly but not significantly taller in the biannually treated communi-

ties (84.0 cm, 95%CI 83.2–84.8, in the azithromycin-treated communities vs. 83.7 cm, 95%

CI 82.9–84.5, in the untreated communities; mean difference 0.31 cm, 95%CI -0.85 to 1.47,

P = 0.60). No adverse events were reported.
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Conclusions

Periodic mass azithromycin distributions for trachoma did not demonstrate a strong impact

on childhood growth.

Trial registration

The TANA II trial was registered on clinicaltrials.gov #NCT01202331.

Author summary

Mass distribution of a single dose of the broad-spectrum antibiotic azithromycin twice

per year to pre-school children in Sub-Saharan Africa has been shown to reduce child-

hood mortality. The mechanism by which azithromycin reduces mortality is currently not

clear, especially since the antibiotic is not targeted to sick children but rather given to all

children in the community whether or not they have an infectious disease. In this study,

we report the height and weight of children enrolled in a trial in Ethiopia in which com-

munities were randomized either to twice annual mass azithromycin distributions for

blinding trachoma or to no treatments. After accounting for age and sex, children from

azithromycin-treated communities were on average slightly taller at the 12- and 36-month

study visits than those from untreated communities, but the difference was not statistically

significant.

Introduction

Undernutrition is thought to contribute more to the global burden of disease than any other

risk factor.[1] Poor nutrition potentiates the effects of infections such as diarrhea, respiratory

infections, and malaria, leading to worse outcomes and higher mortality.[2, 3] Infectious dis-

eases in turn lead to poor growth.[4] It is conceivable that antibiotics could have an important

role for breaking this cycle of malnutrition and infection. For example, a randomized trial

demonstrated less stunting and underweight in HIV-infected children who took daily co-tri-

moxazole compared to those taking placebo.[5] This idea is not new; antibiotics have long

been thought to be effective growth promoters for animal husbandry.[6]

Mass azithromycin treatments have recently been shown to reduce childhood mortality in

sub-Saharan Africa, although the causal pathway for the mortality reduction is unclear.[7, 8]

Azithromycin is a broad-spectrum antibiotic with efficacy against a wide array of pathogens

that cause respiratory disease, diarrhea, and malaria, so it is possible that azithromycin pre-

vents mortality by directly clearing these infections.[9–11] Alternatively, if azithromycin

caused height and weight gain in children, it is possible that the improved growth could be

partly responsible for the survival benefit.

In a recent cluster-randomized trial, we randomized communities that had been treated

with four years of mass azithromycin for trachoma to either continued antibiotics or cessation

of treatment. Cluster-randomization, which was chosen for the primary trachoma outcomes,

allowed assessment of both the direct and spillover effects of antibiotics.[12] We recognized

that this trial provided an opportunity to assess whether mass azithromycin distributions had

an effect on childhood growth, and consequently added height and weight as secondary out-

comes. We compared anthropometric measurements at the individual level to determine

whether mass azithromycin increased childhood growth.

Cluster-randomized trial of mass azithromycin for trachoma: anthropometric outcomes
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Methods

Ethics

The study had approval from the University of California, San Francisco; Emory University;

the Ethiopian Ministry of Science and Technology; and the Food, Medicine, and Health Care

Administration and Control Authority of Ethiopia. The study was carried out in accordance

with the Declaration of Helsinki and overseen by a Data Safety and Monitoring Committee

appointed by the National Institutes of Health-National Eye Institute. Verbal informed con-

sent was obtained in Amharic from community leaders before randomization and from the

guardians of all children post-randomization; verbal consent was approved by all institutional

review boards and was used due to the high levels of illiteracy in the study area.

Study design

This study describes a secondary outcome from a parallel-group cluster-randomized clinical

trial for trachoma (TANA II; clinicaltrials.gov #NCT01202331) performed in the Goncha Siso

Enese woreda (district) of the Amhara region in Ethiopia.[13] The trial was conducted in com-

munities that had been treated with 8 biannual mass azithromycin distributions for trachoma as

part of an earlier trial (TANA I; clinicaltrials.gov #NCT00322972).[14] In the initial TANA I

trial (June 2006 until November 2009), 72 contiguous subkebeles (sub-districts) were random-

ized to 1 of 6 different trachoma treatment strategies.[14] Rural subkebeles were eligible for

enrollment if they were located within a 3-hour walk from the farthest point accessible to a

four-wheel drive automobile. As part of the TANA I trial, 12 subkebeles were randomized to

receive biannual mass azithromycin distributions (every 6 months, ±1 month). Each subkebele

consisted of approximately 4–6 government-defined demographic units known as state teams;

all state teams in the subkebele were treated identically. In TANA II (November 2010 until May

2013), two randomly selected state teams from each biannually treated subkebele were random-

ized to either continued biannual mass azithromycin (N = 12 state teams) or cessation of antibi-

otics (N = 12 state teams). Anthropometric indices were measured as a secondary outcome in

these 24 state teams 12 and 36 months after randomization, providing a randomized controlled

trial comparison of childhood growth in communities treated with mass azithromycin distribu-

tions versus no treatment. No changes were made to the anthropometry portion of the study

after its addition to the main trial. The trial was reported according to CONSORT guidelines

(S1 Checklist). Details of the study design were pre-specified in a trial protocol (S1 Protocol).

Randomization and masking

This study employed pair-matched cluster-randomization with matching based on the TANA

I subkebele. A biostatistician (TCP) used the statistical package R (R Foundation for Statistical

Computing, Vienna, Austria) to randomize 12 pairs of state teams from each of 12 subkebeles,

with one member of the pair allocated to intervention and the other to control. A study coordi-

nator enrolled the communities and participants and assigned the intervention. Allocation

was concealed by enrolling all communities before randomization and administering the

intervention to the entire community population. Although study participants were not

masked to their cluster’s treatment assignment, the study personnel responsible for anthropo-

metric assessments were not informed of the treatment allocation or study hypothesis.

Intervention

Local health extension workers performed a population census each year to enumerate all

community members eligible for treatment. Because birthdates are imprecise in this part of

Cluster-randomized trial of mass azithromycin for trachoma: anthropometric outcomes
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Ethiopia, census-takers recorded age in years. During scheduled mass treatment visits, these

same health workers offered a single dose of directly observed oral azithromycin (20mg/kg

height-based approximation for children, 1g for adults) to all community members except for

children under 6 months of age, self-reported pregnant women, and those known to be allergic

to macrolide antibiotics, each of whom were instead offered a six-week course of twice daily

tetracycline ophthalmic ointment. Each community was treated twice per year (Fig 1). Antibi-

otic coverage during mass treatments was assessed from the preceding census. Although study

participants from all communities continued to receive routine government health services

during this time, no other studies or interventions were performed during the study period.

No adverse events were reported through routine passive surveillance activities; active moni-

toring of adverse events was performed during the trial and is reported elsewhere.[15]

Outcome assessment

We performed anthropometric assessments after the month 12 and month 36 treatments. All

children aged 0–59 months identified from the most recent census were offered height and

weight measurements, conducted in a central area in each state team. We recruited anthropo-

metrists from the local communities, and conducted a 2-day training session using methods

recommended by the World Health Organization (WHO). Anthropometry teams demon-

strated high levels of reproducibility for all measurements.[16] We used a portable stadiometer

(Shorr Productions, LLC, Olney, MD, USA) to measure height or length and a Seca 874 floor

scale (Seca GmbH & Co. KG, Hamburg, Germany) to measure weight. Each measurement was

taken in triplicate, with the median used as the official measurement.

Statistics

The pre-specified primary analysis for the anthropometric outcomes was a post-test only com-

parison of height adjusted for age and sex in children not old enough to be eligible for treat-

ment during the first trial (i.e., aged 0–36 months at the 12-month visit and 0–59 months at

the 36-month visit). Repeated measures for height were modeled as a function of treatment

arm, time, age in years (as a continuous variable rounded to whole years), and sex in a mixed

effects linear regression, with state team and individual modeled as random effects. Heteroske-

dasticity was modeled by allowing independent residual errors over each year of age. The p-

value was estimated with a Monte Carlo permutation test stratified by subkebele to account for

the randomization strategy (10,000 permutations of the likelihood ratio comparing models

with and without the treatment term). Intraclass correlation coefficients (ICCs) were calcu-

lated from the model to assess cluster-correlation of the primary outcome. Similar models

were constructed for the secondary underweight analysis (weight adjusted for age and sex).

We purposefully did not use z-scores in the primary analysis given the imprecision of reported

ages in the study area. For all outcomes, we performed intention-to-treat analyses.

Sample size

Sample size calculations for the trial were based on the primary trachoma outcomes and set at

12 communities per arm; including 18 children per community would provide 80% power to

detect a 1 cm difference between the two arms assuming an average height of 90 cm (standard

deviation 10 cm), ICC of 0.02, correlation coefficient of 0.9 for the relationship of height with

age and sex, equal cluster sizes, and a two-sided alpha of 0.05.[17] All analyses were performed

using Stata 14.2 (Statacorp, College Station, TX) except for permutation tests, which were

done in R 3.4.0 (R Foundation for Statistical Computing, Vienna, Austria).

Cluster-randomized trial of mass azithromycin for trachoma: anthropometric outcomes
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Results

The study was conducted from November 2010 until May 2013. Characteristics of the two

treatment arms were balanced at baseline (Table 1). The biannual treatment group received 7

mass azithromycin treatments during the continuation trial; the control group received none.

Table 2 shows the median antibiotic coverage at each distribution for the under-5 age group.

We obtained anthropometric measurements on 282 of 387 (73%) eligible children aged <3

years at the 12-month visit and 455 of 591 (77%) eligible children aged<5 years at the

36-month visit, with 207 children having measurements at both visits. As shown in Table 3,

children who were eligible but did not participate in the anthropometric assessment tended to

be younger than those who participated.

The mean height and weight in each treatment arm at the two time points are shown in

Table 4, stratified by age. After adjusting for age, sex, and study visit, the mean height was 84.0

cm (95%CI 83.2–84.8) in the azithromycin-treated communities and 83.7 (95%CI 82.9–84.5)

in the untreated communities. In the primary pre-specified analysis adjusted for age, sex, and

time point, children in the azithromycin-treated communities were on average 0.31 cm taller

(95%CI -0.85 to 1.47) than those in untreated communities (P = 0.60). The ICC derived from

the main statistical model suggested mild clustering of height measurements within communi-

ties (ICC 0.05, 95%CI 0.02 to 0.13).

The weight outcome is summarized in Table 4. After adjusting for age, sex, and study visit,

the average weight was 10.8 kg in the azithromycin-treated communities and 10.7 in the

untreated communities—a non-significant difference (mean weight 0.09 kg heavier in the

azithromycin arm, 95%CI -0.20 to 0.39; P = 0.54; ICC 0.07, 95%CI 0.03 to 0.15). Additional

sensitivity analyses using all<5 year-old children at both outcome visits (i.e., including chil-

dren from the 12-month visit who had been treated in the previous trial) had similar results

(S1 File).

Discussion

We failed to find an association between mass azithromycin distributions and childhood

growth. Although on average children from communities treated with biannual mass azithro-

mycin distributions over a 3-year period were slightly taller than children from untreated

Fig 1. Participant flow. Communities were randomized twice: originally as part of the TANA I trial (2006–2009), and subsequently as part of

TANA II (2010–2013).

https://doi.org/10.1371/journal.pntd.0007442.g001

Table 1. Baseline characteristics of 24 communities randomized to either continuation or cessation of biannual

mass azithromycin treatment.

Biannual MDA

(N = 12 communities)

No MDA

(N = 12 communities)

Persons per community 309 (242–423) 259 (180–360)

Proportion female, % 51.1% (47.6–52.4%) 52.1% (48.6–55.2%)

Proportion <10 years, % 28.3% (26.5–29.5%) 27.2% (25.4–29.8%)

Prevalence of active trachoma, %� 42.1% (13.1–53.6%) 30.9% (20.0–48.9%)

Distance to nearest town, km 8.4 (5.1–9.2) 8.1 (5.0–9.1)

Altitude, m 2622 (2528–2674) 2611 (2545–2657)

Values indicate the median and interquartile range of community-level data. MDA: mass drug administration with

azithromycin

� Sub-district prevalence, as assessed from a random sample of children aged <10 years of age

https://doi.org/10.1371/journal.pntd.0007442.t001
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communities, the differences between the two treatment groups were not consistently statisti-

cally significant across different regression model parameterizations and of small magnitude.

This trial assessed the hypothesis that azithromycin functions as a growth promoting agent

for preschool children. The specific mechanisms through which antibiotics may promote

growth are unknown, though several theories have been proposed.[18] Antibiotics could treat

or prevent infections that would otherwise divert metabolic resources. Antibiotics may also

alter intestinal absorption by clearing pathogenic organisms and changing the composition of

the gut microbiome, both of which may ultimately mitigate the role of bacterial infection in

environmental enteropathy.[19, 20] Alternatively, antibiotics like azithromycin are known to

have direct anti-inflammatory properties, which could potentially affect growth.

It is conceivable that improvements in growth could translate into improved childhood sur-

vival. It is thought that growth and nutrition are important modulators of infectious diseases.

Better nutrition may enhance the ability of the immune system to clear infections, and thus

make a child less susceptible to severe complications of infection. Indeed, growth promotion is

one theory for the improved survival observed following mass azithromycin distributions.[7,

8] While this study does not provide evidence that mass azithromycin impacts childhood

growth, it is still possible that azithromycin treatments affect growth but at a magnitude

Table 2. Azithromycin coverage among population aged 6–59 months of age in 12 biannually treated

communities.

Month No. per community Antibiotic coverage

0 35 (29–44) 86% (83–91%)

6 34 (27–42) 93% (91–94%)

12 29 (21–40) 91% (86–95%)

18 29 (20–42) 91% (89–98%)

24 29 (21–41) 82% (76–86%)

30 28 (21–41) 94% (92–96%)

36 27 (17–41) 87% (83–89%)

Values represent median and interquartile range of community-level data.

https://doi.org/10.1371/journal.pntd.0007442.t002

Table 3. Characteristics of study participants at each monitoring visit, stratified by participation status.

Biannual MDA No MDA

Characteristic Participating Not participating Participating Not participating

Month 12 N = 146 N = 68 N = 136 N = 37

Female 77 (52.7%) 40 (58.8%) 66 (48.5%) 18 (48.7%)

Age

0 y 32 (21.9%) 32 (47.1%) 23 (16.9%) 11 (29.7%)

1 y 62 (42.5%) 17 (25.0%) 50 (36.8%) 10 (27.0%)

2 y 52 (35.6%) 19 (27.9%) 63 (46.3%) 16 (43.2%)

Month 36 N = 235 N = 71 N = 220 N = 65

Female 121 (51.5%) 36 (50.7%) 104 (47.3%) 32 (49.2%)

Age

0 y 15 (6.4%) 11 (15.5%) 15 (6.8%) 7 (10.8%)

1 y 52 (22.1%) 18 (25.4%) 28 (12.7%) 7 (10.8%)

2 y 44 (18.7%) 13 (18.3%) 52 (23.6%) 15 (23.1%)

3 y 64 (27.2%) 17 (23.9%) 62 (28.2%) 19 (29.2%)

4 y 60 (25.5%) 12 (16.9%) 63 (28.6%) 17 (26.2%)

https://doi.org/10.1371/journal.pntd.0007442.t003

Cluster-randomized trial of mass azithromycin for trachoma: anthropometric outcomes

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007442 June 5, 2019 7 / 12

https://doi.org/10.1371/journal.pntd.0007442.t002
https://doi.org/10.1371/journal.pntd.0007442.t003
https://doi.org/10.1371/journal.pntd.0007442


smaller than could be detected by the present study. For example, the results of the present

study are consistent with a meta-analysis that estimated antibiotics to confer an additional 0.04

cm of linear growth per month.[21]

Previous randomized trials have studied the impact of antibiotics on childhood growth in

the context of a specific disease, such as severe acute malnutrition, HIV, diarrhea, cystic fibro-

sis, or vesicoureteral reflux.[22–25] Notable among these is a placebo-controlled trial of daily

prophylactic co-trimoxazole therapy for HIV-infected children in Zambia that found

improved linear growth and decreased mortality in antibiotic-treated children.[5] While many

of the other studies failed to find an effect of antibiotic therapy on height measurements, they

were of relatively short duration and focused on changes in weight instead of height.[22–25]

Other trials have assessed whether community antibiotic distributions affect growth param-

eters. Two placebo-controlled studies performed in Guatemala, one of which treated school-

aged children with aureomycin and another which treated preschool children with metronida-

zole, found improved height and weight metrics in children treated with antibiotics. However,

these studies may be subject to type I error since they allocated a single cluster of children to

the antibiotic intervention but performed analyses at the individual level.[26, 27] Several recent

cluster-randomized trials testing more frequent vs. less frequent mass azithromycin distribu-

tion strategies for trachoma have failed to detect a difference in height or weight between the

different dosing groups.[17, 28, 29] The control groups in those studies were not ideal in that

they too received antibiotics—albeit at lower frequencies—and thus may have received a bene-

fit of antibiotic therapy. The present study is an improvement over these previous reports in

that no programmatic antibiotics were given in the control group, providing a better assess-

ment of the effectiveness of antibiotics alone.

Mass antibiotics provide selection pressure for antibiotic-resistant organisms, which

increases the community prevalence of resistance.[30] Although the clinical importance of

such resistance is unclear given the low usage of macrolide antibiotics in developing countries,

the potential for antibiotic resistance should be taken into account wherever implementation

of mass azithromycin distributions is considered.[31]

Several limitations to this study should be noted. We conducted a post-test only analysis

with two follow-up visits. Baseline and more frequent anthropometric measurements would

have increased the precision and added to the statistical power of the study. Ages were not

known with great accuracy in this study, since families in this region of Ethiopia do not keep

health cards and do not record dates of birth. Imprecision in age could have biased the study if

age was differentially recorded between treatment arms or if cluster-randomization left an

Table 4. Anthropometric assessment stratified by follow-up visit and age.

Biannual Mass Azithromycin No Mass Azithromycin

Age N Height, cm Weight, kg N Height, cm Weight, kg

Month 12

0 y 32 66.6 (65.1–68.1) 7.1 (6.7–7.5) 23 68.1 (65.3–71.0) 7.3 (6.8–7.7)

1 y 62 76.7 (75.5–78.0) 9.2 (8.9–9.5) 50 77.1 (75.9–78.2) 9.1 (8.8–9.4)

2 y 52 83.6 (82.8–85.1) 10.5 (10.1–10.9) 63 83.9 (82.3–85.6) 10.7 (10.3–11.1)

Month 36

0 y 15 66.5 (64.9–68.1) 7.4 (7.0–7.9) 15 66.0 (64.5–67.5) 7.3 (6.8–7.7)

1 y 52 74.9 (73.6–76.1) 8.9 (8.5–9.2) 28 75.8 (73.9–77.6) 8.9 (8.5–9.3)

2 y 44 84.8 (82.9–86.7) 10.8 (10.4–11.3) 52 83.7 (82.5–85.0) 10.8 (10.4–11.1)

3 y 64 93.7 (92.1–95.2) 12.7 (12.3–13.1) 62 91.7 (90.3–93.0) 12.4 (12.0–12.9)

4 y 60 99.6 (98.2–101.0) 14.3 (13.9–14.7) 63 99.2 (97.9–100.5) 14.3 (13.9–14.7)

https://doi.org/10.1371/journal.pntd.0007442.t004
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imbalance of ages in the two groups. This study was cluster-randomized since it was per-

formed in the context of community antibiotic treatments for trachoma. An individually ran-

domized trial could have been powered to detect an even smaller difference between children

treated with and without antibiotics. On the other hand, the cluster-randomization better

approximates the effectiveness of programmatic azithromycin and allows for the possibility of

both direct and spillover effects of antibiotics.[12] Finally, this study was conducted in a region

of Ethiopia with hyperendemic trachoma that had already received several rounds of mass azi-

thromycin distributions. The generalizability of the findings to an antibiotic-naïve population

or a population with milder or no trachoma is unclear.

In conclusion, mass azithromycin distributions have proven extremely effective at reducing

the burden of ocular chlamydia and may also have important ancillary benefits, like reducing

the prevalence of respiratory infections, diarrhea, malaria, and skin infections—as well as

childhood deaths.[9–11, 32] Although we hypothesized that childhood growth promotion

might be an additional benefit of mass azithromycin distributions, the present study was

unable to provide strong evidence of such an association.

Supporting information

S1 Checklist. CONSORT checklist.

(PDF)

S1 File. Supplementary material.

(PDF)

S1 Protocol. Manual of procedures and statistical analysis plan.

(PDF)

Acknowledgments

We thank Donald Everett (National Eye Institute, Bethesda, MD, USA), who was the program

officer for the underlying clinical trial; the data safety and monitoring committee including

William Barlow (University of Washington, Seattle, WA, USA; Chair), Donald Everett

(National Eye Institute, Bethesda, MD, USA), Larry Schwab (International Eye Foundation,

Kensington, MD, USA), Arthur Reingold (University of California, Berkeley, CA, USA), Serge

Resnikoff (Brien Holden Vision Institute, Sydney, Australia and International Health and

Development, Geneva, Switzerland), and Patricia Buffler (University of California, Berkeley,

USA); the head of the Goncha woreda health office Abreham Tadesse; and the field anthropo-

metrists Biwota Adamu, Gizachew Alelign, Abebe Asnakew, Yenges Atenafu, Alma Lule, and

Fenta Siferaw.

Author Contributions

Conceptualization: Jeremy D. Keenan, Travis C. Porco, Paul M. Emerson, Thomas M.

Lietman.

Data curation: Jeremy D. Keenan, Kathryn J. Ray.

Formal analysis: Jeremy D. Keenan, Kristen Aiemjoy, Travis C. Porco.

Funding acquisition: Thomas M. Lietman.

Investigation: Jeremy D. Keenan, Sintayehu Gebresillasie, Berhan A. Haile, Sun Y. Cotter,

Kathryn J. Ray, Travis C. Porco, Paul M. Emerson, Thomas M. Lietman.

Cluster-randomized trial of mass azithromycin for trachoma: anthropometric outcomes

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007442 June 5, 2019 9 / 12

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007442.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007442.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007442.s003
https://doi.org/10.1371/journal.pntd.0007442


Methodology: Jeremy D. Keenan, Berhan A. Haile, Travis C. Porco, Thomas M. Lietman.

Project administration: Sintayehu Gebresillasie, Nicole E. Stoller, Berhan A. Haile, Sun Y.

Cotter, E. Kelly Callahan, Thomas M. Lietman.

Resources: Zerihun Tadesse, Thomas M. Lietman.

Software: Travis C. Porco.

Supervision: Nicole E. Stoller, Zerihun Tadesse, Thomas M. Lietman.

Writing – original draft: Jeremy D. Keenan.

Writing – review & editing: Jeremy D. Keenan, Sintayehu Gebresillasie, Nicole E. Stoller, Ber-

han A. Haile, Zerihun Tadesse, Sun Y. Cotter, Kathryn J. Ray, Kristen Aiemjoy, Travis C.

Porco, E. Kelly Callahan, Paul M. Emerson, Thomas M. Lietman.

References
1. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional burden of disease and

risk factors, 2001: systematic analysis of population health data. Lancet. 2006; 367(9524):1747–57.

https://doi.org/10.1016/S0140-6736(06)68770-9 PMID: 16731270.

2. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal and child undernutri-

tion: global and regional exposures and health consequences. Lancet. 2008; 371(9608):243–60. Epub

2008/01/22. https://doi.org/10.1016/S0140-6736(07)61690-0 PMID: 18207566.

3. Caulfield LE, de Onis M, Blossner M, Black RE. Undernutrition as an underlying cause of child deaths

associated with diarrhea, pneumonia, malaria, and measles. The American journal of clinical nutrition.

2004; 80(1):193–8. Epub 2004/06/24. https://doi.org/10.1093/ajcn/80.1.193 PMID: 15213048.

4. Katona P, Katona-Apte J. The interaction between nutrition and infection. Clin Infect Dis. 2008; 46

(10):1582–8. https://doi.org/10.1086/587658 PMID: 18419494.

5. Prendergast A, Walker AS, Mulenga V, Chintu C, Gibb DM. Improved growth and anemia in HIV-

infected African children taking cotrimoxazole prophylaxis. Clin Infect Dis. 2011; 52(7):953–6. Epub

2011/03/24. https://doi.org/10.1093/cid/cir029 PMID: 21427404.

6. Dibner JJ, Richards JD. Antibiotic growth promoters in agriculture: history and mode of action. Poult

Sci. 2005; 84(4):634–43. Epub 2005/04/23. https://doi.org/10.1093/ps/84.4.634 PMID: 15844822.

7. Porco TC, Gebre T, Ayele B, House J, Keenan J, Zhou Z, et al. Effect of mass distribution of azithromy-

cin for trachoma control on overall mortality in Ethiopian children: a randomized trial. JAMA. 2009; 302

(9):962–8. Epub 2009/09/03. https://doi.org/10.1001/jama.2009.1266 PMID: 19724043.

8. 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: PMCPMC5849140.

9. 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.

10. Coles CL, Seidman JC, Levens J, Mkocha H, Munoz B, West S. Association of mass treatment with azi-

thromycin in trachoma-endemic communities with short-term reduced risk of diarrhea in young children.

Am J Trop Med Hyg. 2011; 85(4):691–6. Epub 2011/10/07. https://doi.org/10.4269/ajtmh.2011.11-0046

PMID: 21976574; PubMed Central PMCID: PMCPMC3183779.

11. Coles CL, Levens J, Seidman JC, Mkocha H, Munoz B, West S. Mass distribution of azithromycin for

trachoma control is associated with short-term reduction in risk of acute lower respiratory infection in

young children. Pediatr Infect Dis J. 2012; 31(4):341–6. Epub 2011/12/17. https://doi.org/10.1097/INF.

0b013e31824155c9 PMID: 22173140.

12. 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.

13. Keenan JD, Tadesse Z, Gebresillasie S, Shiferaw A, Zerihun M, Emerson PM, et al. Mass azithromycin

distribution for hyperendemic trachoma following a cluster-randomized trial: A continuation study of ran-

domly reassigned subclusters (TANA II). PLoS Med. 2018; 15(8):e1002633. Epub 2018/08/15. https://

doi.org/10.1371/journal.pmed.1002633 PMID: 30106956.

Cluster-randomized trial of mass azithromycin for trachoma: anthropometric outcomes

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007442 June 5, 2019 10 / 12

https://doi.org/10.1016/S0140-6736(06)68770-9
http://www.ncbi.nlm.nih.gov/pubmed/16731270
https://doi.org/10.1016/S0140-6736(07)61690-0
http://www.ncbi.nlm.nih.gov/pubmed/18207566
https://doi.org/10.1093/ajcn/80.1.193
http://www.ncbi.nlm.nih.gov/pubmed/15213048
https://doi.org/10.1086/587658
http://www.ncbi.nlm.nih.gov/pubmed/18419494
https://doi.org/10.1093/cid/cir029
http://www.ncbi.nlm.nih.gov/pubmed/21427404
https://doi.org/10.1093/ps/84.4.634
http://www.ncbi.nlm.nih.gov/pubmed/15844822
https://doi.org/10.1001/jama.2009.1266
http://www.ncbi.nlm.nih.gov/pubmed/19724043
https://doi.org/10.1056/NEJMoa1715474
https://doi.org/10.1056/NEJMoa1715474
http://www.ncbi.nlm.nih.gov/pubmed/29694816
http://www.ncbi.nlm.nih.gov/pubmed/7564674
https://doi.org/10.4269/ajtmh.2011.11-0046
http://www.ncbi.nlm.nih.gov/pubmed/21976574
https://doi.org/10.1097/INF.0b013e31824155c9
https://doi.org/10.1097/INF.0b013e31824155c9
http://www.ncbi.nlm.nih.gov/pubmed/22173140
https://doi.org/10.1093/ije/dyx039
http://www.ncbi.nlm.nih.gov/pubmed/28449030
https://doi.org/10.1371/journal.pmed.1002633
https://doi.org/10.1371/journal.pmed.1002633
http://www.ncbi.nlm.nih.gov/pubmed/30106956
https://doi.org/10.1371/journal.pntd.0007442


14. Gebre T, Ayele B, Zerihun M, Genet A, Stoller NE, Zhou Z, et al. Comparison of annual versus twice-

yearly mass azithromycin treatment for hyperendemic trachoma in Ethiopia: a cluster-randomised trial.

Lancet. 2012; 379(9811):143–51. Epub 2011/12/24. https://doi.org/10.1016/S0140-6736(11)61515-8

PMID: 22192488.

15. Ayele B, Gebre T, House JI, Zhou Z, McCulloch CE, Porco TC, et al. Adverse events after mass azithro-

mycin treatments for trachoma in Ethiopia. The American journal of tropical medicine and hygiene.

2011; 85(2):291–4. Epub 2011/08/05. https://doi.org/10.4269/ajtmh.2011.11-0056 PMID: 21813850;

PubMed Central PMCID: PMC3144828.

16. Ayele B, Aemere A, Gebre T, Tadesse Z, Stoller NE, See CW, et al. Reliability of measurements per-

formed by community-drawn anthropometrists from rural Ethiopia. PLoS One. 2012; 7(1):e30345. Epub

2012/02/01. https://doi.org/10.1371/journal.pone.0030345 PMID: 22291939; PubMed Central PMCID:

PMCPMC3265464.

17. Amza A, Yu SN, Kadri B, Nassirou B, Stoller NE, Zhou Z, et al. Does mass azithromycin distribution

impact child growth and nutrition in Niger? A cluster-randomized trial. PLoS Negl Trop Dis. 2014; 8(9):

e3128. Epub 2014/09/12. https://doi.org/10.1371/journal.pntd.0003128 PMID: 25210836; PubMed

Central PMCID: PMCPMC4161345.

18. Jones KD, Thitiri J, Ngari M, Berkley JA. Childhood malnutrition: toward an understanding of infections,

inflammation, and antimicrobials. Food Nutr Bull. 2014; 35(2 Suppl):S64–70. https://doi.org/10.1177/

15648265140352S110 PMID: 25069296; PubMed Central PMCID: PMCPMC4257992.

19. Brussow H. Growth promotion and gut microbiota: insights from antibiotic use. Environ Microbiol. 2015;

17(7):2216–27. Epub 2015/01/30. https://doi.org/10.1111/1462-2920.12786 PMID: 25627910.

20. Trehan I, Shulman RJ, Ou CN, Maleta K, Manary MJ. A randomized, double-blind, placebo-controlled

trial of rifaximin, a nonabsorbable antibiotic, in the treatment of tropical enteropathy. Am J Gastroen-

terol. 2009; 104(9):2326–33. Epub 2009/06/06. https://doi.org/10.1038/ajg.2009.270 PMID: 19491826;

PubMed Central PMCID: PMCPMC2758482.

21. Gough EK, Moodie EE, Prendergast AJ, Johnson SM, Humphrey JH, Stoltzfus RJ, et al. The impact of

antibiotics on growth in children in low and middle income countries: systematic review and meta-analy-

sis of randomised controlled trials. BMJ. 2014; 348:g2267. Epub 2014/04/17. https://doi.org/10.1136/

bmj.g2267 PMID: 24735883; PubMed Central PMCID: PMCPMC3988318.

22. Trehan I, Goldbach HS, LaGrone LN, Meuli GJ, Wang RJ, Maleta KM, et al. Antibiotics as part of the

management of severe acute malnutrition. N Engl J Med. 2013; 368(5):425–35. Epub 2013/02/01.

https://doi.org/10.1056/NEJMoa1202851 PMID: 23363496; PubMed Central PMCID:

PMCPMC3654668.

23. Isanaka S, Langendorf C, Berthe F, Gnegne S, Li N, Ousmane N, et al. Routine Amoxicillin for Uncom-

plicated Severe Acute Malnutrition in Children. N Engl J Med. 2016; 374(5):444–53. Epub 2016/02/04.

https://doi.org/10.1056/NEJMoa1507024 PMID: 26840134.

24. Edmonson MB, Eickhoff JC. Weight Gain and Obesity in Infants and Young Children Exposed to Pro-

longed Antibiotic Prophylaxis. JAMA Pediatr. 2017; 171(2):150–6. https://doi.org/10.1001/

jamapediatrics.2016.3349 PMID: 28027334.

25. Robinson P, Schechter MS, Sly PD, Winfield K, Smith J, Brennan S, et al. Clarithromycin therapy for

patients with cystic fibrosis: a randomized controlled trial. Pediatr Pulmonol. 2012; 47(6):551–7. https://

doi.org/10.1002/ppul.21613 PMID: 22266895.

26. Guzman MA, Scrimshaw NS, Monroe RJ. Growth and development of Central American children. I.

Growth responses of rural Guatemalan school children to daily administration of penicillin and aureomy-

cin. Am J Clin Nutr. 1958; 6(4):430–8. https://doi.org/10.1093/ajcn/6.4.430 PMID: 13559171.

27. Gupta MC, Urrutia JJ. Effect of periodic antiascaris and antigiardia treatment on nutritional status of pre-

school children. Am J Clin Nutr. 1982; 36(1):79–86. https://doi.org/10.1093/ajcn/36.1.79 PMID:

7091037.

28. Amza A, Kadri B, Nassirou B, Stoller NE, Yu SN, Zhou Z, et al. A cluster-randomized controlled trial

evaluating the effects of mass azithromycin treatment on growth and nutrition in Niger. Am J Trop Med

Hyg. 2013; 88(1):138–43. Epub 2012/12/05. https://doi.org/10.4269/ajtmh.2012.12-0284 PMID:

23208876; PubMed Central PMCID: PMCPMC3541724.

29. Burr SE, Hart J, Edwards T, Harding-Esch EM, Holland MJ, Mabey DC, et al. Anthropometric indices of

Gambian children after one or three annual rounds of mass drug administration with azithromycin for

trachoma control. BMC Public Health. 2014; 14:1176. Epub 2014/11/20. https://doi.org/10.1186/1471-

2458-14-1176 PMID: 25407464; PubMed Central PMCID: PMCPMC4251859.

30. Skalet AH, Cevallos V, Ayele B, Gebre T, Zhou Z, Jorgensen JH, et al. Antibiotic selection pressure and

macrolide resistance in nasopharyngeal Streptococcus pneumoniae: a cluster-randomized clinical trial.

PLoS Med. 2010; 7(12):e1000377. Epub 2010/12/24. https://doi.org/10.1371/journal.pmed.1000377

PMID: 21179434; PubMed Central PMCID: PMCPMC3001893.

Cluster-randomized trial of mass azithromycin for trachoma: anthropometric outcomes

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007442 June 5, 2019 11 / 12

https://doi.org/10.1016/S0140-6736(11)61515-8
http://www.ncbi.nlm.nih.gov/pubmed/22192488
https://doi.org/10.4269/ajtmh.2011.11-0056
http://www.ncbi.nlm.nih.gov/pubmed/21813850
https://doi.org/10.1371/journal.pone.0030345
http://www.ncbi.nlm.nih.gov/pubmed/22291939
https://doi.org/10.1371/journal.pntd.0003128
http://www.ncbi.nlm.nih.gov/pubmed/25210836
https://doi.org/10.1177/15648265140352S110
https://doi.org/10.1177/15648265140352S110
http://www.ncbi.nlm.nih.gov/pubmed/25069296
https://doi.org/10.1111/1462-2920.12786
http://www.ncbi.nlm.nih.gov/pubmed/25627910
https://doi.org/10.1038/ajg.2009.270
http://www.ncbi.nlm.nih.gov/pubmed/19491826
https://doi.org/10.1136/bmj.g2267
https://doi.org/10.1136/bmj.g2267
http://www.ncbi.nlm.nih.gov/pubmed/24735883
https://doi.org/10.1056/NEJMoa1202851
http://www.ncbi.nlm.nih.gov/pubmed/23363496
https://doi.org/10.1056/NEJMoa1507024
http://www.ncbi.nlm.nih.gov/pubmed/26840134
https://doi.org/10.1001/jamapediatrics.2016.3349
https://doi.org/10.1001/jamapediatrics.2016.3349
http://www.ncbi.nlm.nih.gov/pubmed/28027334
https://doi.org/10.1002/ppul.21613
https://doi.org/10.1002/ppul.21613
http://www.ncbi.nlm.nih.gov/pubmed/22266895
https://doi.org/10.1093/ajcn/6.4.430
http://www.ncbi.nlm.nih.gov/pubmed/13559171
https://doi.org/10.1093/ajcn/36.1.79
http://www.ncbi.nlm.nih.gov/pubmed/7091037
https://doi.org/10.4269/ajtmh.2012.12-0284
http://www.ncbi.nlm.nih.gov/pubmed/23208876
https://doi.org/10.1186/1471-2458-14-1176
https://doi.org/10.1186/1471-2458-14-1176
http://www.ncbi.nlm.nih.gov/pubmed/25407464
https://doi.org/10.1371/journal.pmed.1000377
http://www.ncbi.nlm.nih.gov/pubmed/21179434
https://doi.org/10.1371/journal.pntd.0007442


31. Ayele B, Belay T, Gebre T, Zerihun M, Amere A, Assefa Y, et al. Association of community antibiotic

consumption with clinically active trachoma in rural Ethiopia. Int Health. 2011; 3(4):282–8. Epub 2012/

01/17. https://doi.org/10.1016/j.inhe.2011.06.001 PMID: 22247750; PubMed Central PMCID:

PMCPMC3256586.

32. Fry AM, Jha HC, Lietman TM, Chaudhary JS, Bhatta RC, Elliott J, et al. Adverse and beneficial second-

ary effects of mass treatment with azithromycin to eliminate blindness due to trachoma in Nepal. Clin

Infect Dis. 2002; 35(4):395–402. Epub 2002/07/30. https://doi.org/10.1086/341414 PMID: 12145722.

Cluster-randomized trial of mass azithromycin for trachoma: anthropometric outcomes

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007442 June 5, 2019 12 / 12

https://doi.org/10.1016/j.inhe.2011.06.001
http://www.ncbi.nlm.nih.gov/pubmed/22247750
https://doi.org/10.1086/341414
http://www.ncbi.nlm.nih.gov/pubmed/12145722
https://doi.org/10.1371/journal.pntd.0007442



