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Abstract.

A cluster-randomized trial demonstrated that mass oral azithromycin distribution reduced childhood

mortality 49.6% (Trachoma Amelioration in Northern Amhara [TANA]). The relative risk of childhood mortality was
then estimated using two approaches: an expert survey and a Bayesian analysis. The survey asked public health experts to
estimate the true effect of mass azithromycin distribution on childhood mortality. The Bayesian estimation used the
TANA study’s results and prior estimates of the efficacy of other effective population-level interventions. The experts
believed mass azithromycin reduces childhood mortality (relative risk = 0.83, 95% credible intervals [CrI] = 0.70-1.00).
The Bayesian analysis estimated a relative risk of 0.71 (95% CrI = 0.39-0.93). Both estimates suggest that azithromycin
may have a true mortality benefit, though of a smaller magnitude than found in the single available trial. Prior informa-
tion about nonantibiotic, population-level interventions may have informed the expert’s opinions. Additional trials are

needed to confirm a mortality benefit from mass azithromycin.

INTRODUCTION

In 2013, nearly 6.3 million children died before the age
of five worldwide.! The overwhelming majority of these
deaths occur in developing countries, with sub-Saharan Africa
accounting for nearly 50% of under five deaths.! The Tra-
choma Amelioration in Northern Amhara (TANA) study
found that distribution of azithromycin to entire communities
to treat and prevent blinding trachoma significantly reduced
childhood mortality.> Some degree of mortality reduction is
plausible, since the antibiotic has activity against the three
most common causes of childhood mortality in the develop-
ing world*: malaria,™® diarrhea,’” and respiratory infections.®®
Several other population-level interventions, such as vaccina-
tion,” nutrient supplementation,'® and exposure limitation
have been shown to reduce childhood mortality in the devel-
oping world, but with more modest reductions.

The Bill & Melinda Gates Foundation hosted a meeting
in 2011 to discuss azithromycin as a means to reduce child-
hood mortality in sub-Saharan Africa and other parts of the
developing world. Attendees were internationally recognized
experts in epidemiology, biostatistics, malaria, respiratory dis-
eases, diarrhea, demography, vitamin A, and trachoma. At
the meeting, we distributed a survey to those present on the
efficacy of azithromycin mass drug administration (MDA) for
reducing childhood mortality and possible mechanisms. Sepa-
rately, we assessed the efficacy of other population-level
interventions to use as a prior in a Bayesian analysis of the
TANA study.

MATERIALS AND METHODS

On April 11, 2011, we administered a paper questionnaire
(Supplemental Appendix 1) to those in attendance at a Bill &
Melinda Gates Foundation-sponsored meeting entitled
“Mortality Reduction after Oral Azithromycin: Study Design
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Convening.” The anonymous questionnaire addressed two
issues: beliefs on the effect size of azithromycin on childhood
mortality and the mechanism of such an effect were it to
exist. Experts were presented the following scenario: children
aged 6-60 months in communities in rural sub-Saharan Africa
were provided with 3 years of biannual azithromycin treat-
ment or placebo. A range of possible outcomes was pro-
vided, and respondents were instructed to choose the most
likely effect on mortality along with the most extreme effects
they would consider plausible (specifically, the bounds beyond
which they would expect only a 5% chance of finding the
true effect size). The input from each individual was then
fit to a skew-normal distribution,'! and individual distribu-
tions were pooled by taking the arithmetic mean with equal
weight given to each response. For simplicity, the pooled
distribution will be termed the survey distribution. To eval-
uate the plausibility of proposed mechanisms for any pre-
sumed effect, we provided a list of five possible causes of
mortality: malaria, respiratory disease, diarrhea, noninfectious
causes, or other causes. Respondents ranked the impor-
tance from 1 (most likely) to 5 (least likely). Responses were
evaluated by Wilcoxon signed-rank test. The University of
California, San Francisco Committee on Human Research
certified the survey as exempt from Institutional Review
Board review.

In an effort to assess the range of efficacy seen with
other mass interventions, searches of the Cochrane data-
base were performed for combinations of “child,” “chil-
dren,” or “childhood” with “death” or “mortality.” To be
included, a Cochrane Review needed to describe a com-
munity-wide intervention that was provided without regard
for signs or symptoms and not associated with childbirth,
and contained at least five trials with childhood mortality
data. For every qualifying Cochrane Review, we converted
the estimated childhood mortality results of each study into
a log odds ratio and standard error. Using these parameters,
we created an arithmetic mean of all studies, weighted by the
inverse of the study variance. For simplicity, the resulting
distribution will be termed the empirical prior.

We used the empirical prior and the likelihood from the
negative binomial regression from the TANA study to estimate
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a Bayesian posterior.” Probabilities of benefit were deter-
mined by calculating the area corresponding to a relative risk
< 1 for each of the figures. We interpreted all distributions
as expressing degrees of belief with appropriate centralized
95% credible intervals (CrI).'* All analyses were performed
using Mathematica 7.0 (Wolfram Research, Champaign, IL).

RESULTS

Twenty-eight of 29 (97%) experts present at the Bill &
Melinda Gates Foundation meeting fully completed and
returned the questionnaire. The survey distribution had a
mean relative risk of childhood mortality with biannual
azithromycin of 0.83 (95% CrI = 0.70-1.00, Figure 1A). The
distribution suggests that experts believed that the probability
that azithromycin reduced childhood mortality was 94%.

The average rankings for the mechanisms of mortality
reduction, in order of importance, were 1.64 for respiratory
infection, 2.00 for diarrhea, 2.97 for malaria, 3.96 for other
infectious, and 4.65 for noninfectious. All pairwise compari-
sons differed significantly (P < 0.05) except for respiratory
infection and diarrhea (P = 0.19).

The initial screening of the Cochrane Library yielded
237 unique reviews (accessed June 6, 2011). On inspec-
tion, 22 of these reported childhood mortality and were
population-based mass treatment interventions. Of those,
seven contained mortality data from at least five studies
and were included. The interventions were oral iron sup-
plementation for anemia,'> rotavirus vaccination,'* vita-
min A supplementation,'® chemoprophylaxis for malaria,'®
injected cholera vaccination,'® insecticide-treated bed nets,"”
and pneumococcal conjugate vaccines.'®

Results from the meta-analyses are shown in Figure 1B.
The empirical prior has a mean of 0.86 and a standard devia-
tion of 0.22. From this prior distribution, the probability that
a population-based intervention had a benefit for childhood
mortality was 85%.

The Bayesian analysis is depicted in Figure 1C. The
resulting posterior distribution has a mean relative risk
of 0.71 (95% CrI = 0.39-0.93). The posterior distribution
suggests that the probability that azithromycin lowers
childhood mortality is 99.2%. Figure 1D provides a visual
comparison of the estimates from the survey distribution
to the Bayesian posterior.

DISCUSSION

Here we present the results from a survey of a group
of experts regarding the efficacy of azithromycin to reduce
childhood mortality in sub-Saharan Africa. This investigation
was prompted by the results of the TANA clinical trial for
trachoma in Ethiopia, which found a large and significant
mortality reduction with azithromycin compared with a group
receiving no treatment (relative risk = 0.496).> The results of
the survey, performed after the completion of TANA, sug-
gest that experts believe azithromycin has a true mortality
benefit. However, they believe that this benefit is more
modest (mean relative risk = 0.83) than the results of the
TANA trial (relative risk = 0.496). Experts believe that if
there were truly a reduction in mortality, the mechanism
would most likely be from a reduction in respiratory infec-
tions or diarrhea; this is consistent with a previous report.'’

There are several explanations for the discrepancy between
the trial outcome and expert belief. TANA used no placebo,
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Ficure 1. Comparison of estimates of the relative risk of childhood mortality. In A-D, the x-axis represents the relative risk of childhood
mortality. The y-axis is a unit-less density measure. A depicts the survey distribution, a probability density function created by pooling 28 skew-
normal distributions fit to the questionnaire responses. The pooled function (light gray, dashed outline) is shown along with scaled-down
representations of individual responses (darker gray, grey outline). B shows the Bayesian empirical prior distribution, which was calculated from
meta-analysis of Cochrane reviews. The pooled function (dark gray, black outline) is shown along with scaled-down representations of the
seven interventions (gray, gray outline). C shows the Bayesian analysis, which contains the empirical distribution as the prior probability (dark
gray, black outline), the results of the Trachoma Amelioration in northern Amhara (TANA) study as the likelihood (light gray, dashed outline),
and the resulting posterior probability (gray, dashed outline). D compares the survey distribution (light gray, dashed outline) to the Bayesian

posterior (gray, dashed outline).
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the sample size was relatively small (82 total deaths out of
18,415 total children aged 1-9), and the resulting confidence
intervals were wide.” Small trials with significant results tend
to overestimate the effect size, for the simple reason that
they could have only achieved significance with a large effect.
The observed mortality reduction may be affected by some
combination of systematic and random errors; experts may
have taken these factors into account. In addition, the meta-
analysis showed that population-level interventions have typi-
cally produced more modest mortality reductions. Experts
may be unknowingly performing an informal Bayesian-type
of analysis using prior beliefs similar to the empirical dis-
tribution presented here. In fact, more than one survey
respondent commented that they thought that azithromycin
could certainly have an effect on mortality, but they did not
believe the magnitude of the effect reported in the TANA
study since other mass interventions had not been shown to
be nearly that effective.

For this Bayesian analysis, an empirical prior proba-
bility was created using indirect evidence. When used
appropriately, indirect evidence can increase the accuracy
of estimates, particularly when direct evidence is rare and
indirect evidence is plentiful.>® Here, we estimated the
prior probability of the effect on childhood mortality of a
population-level intervention, which is thought to work
at the individual level. The resulting Bayesian analysis
suggested that, given both the indirect evidence and the
results from Porco and others, the relative risk of child-
hood mortality in communities given mass azithromycin is
0.71, with a peak density at 0.80. Similar to the survey
results, this suggests a definite mortality benefit from mass
oral azithromycin distribution, but of a lesser magnitude than
the outcome of TANA.

Even if future studies increase confidence that mass dis-
tribution of azithromycin provides a mortality benefit for
children, the interventions will remain controversial in the
absence of endemic trachoma. Some members of the medical
community might be comfortable distributing azithromycin if
the mechanism for the mortality reduction was clear. Others
might consider side effects, costs, and the impact of antibiotic
resistance to outweigh any benefit.?! Several recent trachoma
studies investigated childhood mortality as a secondary out-
come (Partnership for Rapid Elimination of Trachoma
[PRET] and Tripartite International Research for the Elimi-
nation of Trachoma [TIRET])22’23; however, these studies
are neither designed nor adequately powered to detect any-
thing but a very large treatment effect. The analyses presented
here suggest the need for a large randomized controlled trial to
definitively resolve the question of the effect of azithromycin
on mortality. Mortality Reduction after Oral Azithromycin
(MORDOR, Bill & Melinda Gates Foundation, no.
OP1032340) is a placebo-controlled trial in Niger, Malawi,
and Tanzania designed to detect a 10% reduction in mor-
tality because of mass azithromycin distribution, which is
in line with what experts anticipate and with what other
population-level interventions have proven to offer based
on these analyses. If proven effective as an intervention,
then further work would be necessary to assess efficacy
when integrated with other community programs such as dis-
tributions of vitamin A or albendazole, or vaccinations for
Streptococcus pneumonia, Haemophilus influenza, and/or
rotavirus. Although it would be unprecedented to treat an

entire population with systemic antibiotics to reduce mortal-
ity, that should not dissuade further study.

Received February 6, 2015. Accepted for publication March 15, 2015.
Published online September 21, 2015.
Note: Supplemental appendix appears at www.ajtmh.org.

Financial support: This study was supported by funding from the
Bill & Melinda Gates Foundation (OP1032340), the National Eye
Institute-National Institutes of Health (U10 EY016214), Research
to Prevent Blindness, and That Man May See.

Authors’ addresses: Craig W. See, Kieran S. O’Brien, Jeremy D.
Keenan, Nicole E. Stoller, Bruce D. Gaynor, Travis C. Porco, and
Thomas M. Lietman, F.I. Proctor Foundation, Medical Sciences, Uni-
versity of California, San Francisco, CA, E-mails: craig.see@gmail
.com, kieran.obrien@ucsf.edu, jeremy.keenan@ucsf.edu, nicole.stoller@
ucsf.edu, bruce.gaynor@ucsf.edu, travis.porco@ucsf.edu, and tom
Jietman@ucsf.edu.

REFERENCES

1. The UN, Inter-agency Group for Child Mortality Estimation,
2014. Levels and Trends in Child Mortality: Report 2014. New
York, NY: UNICEF.

2. Porco TC, Gebre T, Ayele B, House J, Keenan J, Zhou Z, Hong
KC, Stoller N, Ray KJ, Emerson P, Gaynor BD, Lietman TM,
2009. Effect of mass distribution of azithromycin for trachoma
control on overall mortality in Ethiopian children: a random-
ized trial. JAMA 302: 962-968.

3. Keenan JD, Ayele B, Gebre T, Zerihun M, Zhou Z, House
JI, Gaynor BD, Porco TC, Emerson PM, Lietman TM,
2011. Childhood mortality in a cohort treated with mass
azithromycin for trachoma. Clin Infect Dis 52: 883—888.

4. WHO, 2005. Resolution WHA 58.2 malaria control. Fifty-eighth
World Health Assembly. Geneva, Switzerland: World Health
Organization, 16-25. Available at: http://apps.who.int/gb/
ebwha/pdf_filess WHASS-REC1/english/AS8_2005_REC1-en.pdf.

5. Dunne MW, Singh N, Shukla M, Valecha N, Bhattacharyya PC,
Patel K, Mohapatra MK, Lakhani J, Devi CU, Adak T, Dev V,
Yadav RS, Lele C, Patki K, 2005. A double-blind, randomized
study of azithromycin compared to chloroquine for the treat-
ment of Plasmodium vivax malaria in India. Am J Trop Med
Hyg 73: 1108-1111.

6. Gilliams EA, Jumare J, Claassen CW, Thesing PC, Nyirenda
OM, Dzinjalamala FK, Taylor T, Plowe CV, Tracy LA,
Laufer MK, 2014. Chloroquine-azithromycin combination
antimalarial treatment decreases risk of respiratory- and
gastrointestinal-tract infections in Malawian children. J Infect
Dis 210: 585-592.

7. Kuschner RA, Trofa AF, Thomas RJ, Hoge CW, Pitarangsi C,
Amato S, Olafson RP, Echeverria P, Sadoff JC, Taylor
DN, 1995. Use of azithromycin for the treatment of
Campylobacter enteritis in travelers to Thailand, an area where
ciprofloxacin resistance is prevalent. Clin Infect Dis 21: 536-541.

8. Panpanich R, Lerttrakarnnon P, Laopaiboon M, 2008. Azithromycin
for acute lower respiratory tract infections. Cochrane Database
Syst Rev CD001954.

9. WHO, 2009. Measles vaccines: WHO position paper. Wkly Epidmiol
Rec 349-360.

10. Imdad A, Herzer K, Mayo-Wilson E, Yakoob MY, Bhutta ZA,
2010. Vitamin A supplementation for preventing morbidity
and mortality in children from 6 months to 5 years of age.
Cochrane Database Syst Rev CD008524.

11. Azzalini A, 1985. A class of distributions which includes the
normal ones. Scand J Stat 12: 171-178.

12. Swinburne R, 2002 (reprinted 2010). Bayes Theorem. Oxford,
United Kingdom: Oxford University Press.

13. Ojukwu JU, Okebe JU, Yahav D, Paul M, 2009. Oral iron
supplementation for preventing or treating anaemia among
children in malaria-endemic areas. Cochrane Database Syst
Rev CD006589.

14. Soares-Weiser K, Maclehose H, Ben-Aharon I, Goldberg
E, Pitan F, Cunliffe N, 2010. Vaccines for preventing



15.

16.

17.

18.

19.

MASS AZITHROMYCIN AND CHILDHOOD MORTALITY 1109

rotavirus diarrhoea: vaccines in use. Cochrane Database Syst
Rev CD008521.

Meremikwu MM, Donegan S, Esu E, 2008. Chemoprophylaxis
and intermittent treatment for preventing malaria in children.
Cochrane Database Syst Rev CD003756.

Graves PM, Deeks JJ, Demicheli V, Jefferson T, 2010. Vaccines
for preventing cholera: killed whole cell or other subunit vac-
cines (injected). Cochrane Database Syst Rev CD000974.

Lengeler C, 2004. Insecticide-treated bed nets and curtains for
preventing malaria. Cochrane Database Syst Rev CD000363.

Lucero MG, Dulalia VE, Nillos LT, Williams G, Parreno
RA, Nohynek H, Riley ID, Makela H, 2009. Pneumococ-
cal conjugate vaccines for preventing vaccine-type invasive
pneumococcal disease and x-ray defined pneumonia in chil-
dren less than two years of age. Cochrane Database Syst
Rev CD004977.

Whitty CJ, Glasgow KW, Sadiq ST, Mabey DC, Bailey R, 1999.
Impact of community-based mass treatment for trachoma with

oral azithromycin on general morbidity in Gambian children.
Pediatr Infect Dis J 18: 955-958.

20. Efron B, Greenland S, Gelman A, Kass RE, 2010. The future
of indirect evidence. Stat Sci 25: 145-171.

21. Malhotra-Kumar S, Coenen S, Klugman KP, Goossens H, 2009.
3-monthly azithromycin administration for trachoma. Lancet
374: 449, author reply 449-450.

22. Amza A, Kadri B, Nassirou B, Stoller NE, Yu SN, Zhou Z, Chin
S, West SK, Bailey RL, Mabey DCW, Keenan JD, Porco TC,
Lietman TM, Gaynor BD, 2012. Community risk factors for
ocular Chlamydia infection in Niger: pre-treatment results
from a cluster-randomized trachoma trial. PLoS Negl Trop
Dis 6: ¢1586.

23. Amza A, Yu SN, Kadri B, Nassirou B, Stoller NE, Zhou Z, West
SK, Bailey RL, Gaynor BD, Keenan JD, Porco TC, Lietman
TM, 2014. Does mass azithromycin distribution impact child
growth and nutrition in Niger? A cluster-randomized trial.
PLoS Negl Trop Dis 8: e3128.





